
SUGAR SERIES 

Vol. 1. Standard Fabrication Practices for Cane Sugar Mills (Delden) 

Vol. 2. Manufacture and Refining of Raw Cane Sugar (Baikow) 

Vol. 3. By-Products of the Cane Sugar Industry (Paturau) 



sugar series, 2 

manufacture and 
refining of raw 
cane sugar 
(Second, completely revised edition) 

V.E. BAIKOW 

Consulting Sugar Technologist, Miami, Florida 

Elsevier Scientific Publishing Company 
Amsterdam - Oxford - New York 1982 



ELSEVIER SCIENTIFIC PUBLISHING COMPANY 
Molenwerf 1, 

P.O. Box 211,1014 AG Amsterdam, The Netherlands 

Distributors for the United States and Canada: 

ELSEVIER SCIENCE PUBLISHING COMPANY INC. 

52, Vanderbilt Avenue 

New York, N.Y. 10017 

Library of Congress Cataloging in Publication Data 

Baikow, V. E. 
Manufacture and refining of raw cane sugar. 

(Sugar series ; v. 2) 
Bibliography: p. 

Includes index. 

1. Sugar--Manufacture and refining.^ I. Title. 

II. Series. 

TP377.B17 1981 66V. 122 81-17265 
ISBN O-ÎM-U1896-2 AACR2 

ISBN 0-444-41896-2 (Vol. 2) 

ISBN 0-444-41897-0 (Series) 

©Elsevier Scientific Publishing Company, 1982 
All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system or transmitted in any form or by any means, electronic, me-
chanical, photocopying, recording or otherwise, without the prior written per-
mission of the publisher, 

Elsevier Scientific Publishing Company, P.O. Box 330, Amsterdam, The Netherlands 

Printed in The Netherlands 



In memory of my friends who con-
tributed much to the sugar industry: 
Earle M. Copp, Frank M. Chapman, 
Joe Edwards. Raymond François, 
Jules Fouque, George P. Meade, Phil 
McHugh, Walter J. Nelson, E.F. Rice, 
Earl L. Symes, Bill Turner, Alfred L. 
Webre, Sr. and Dr. F.W. Zerban. 



Sucrose crystal 

(Courtesy of Dr. A. VanHook, and Sugar Research Foundation, Inc.) 



Preface to the Second Edition 

Fourteen years have passed since the first edition of this book was pub-
lished. In that time, new methods of treatment of sugar liquors have been 
developed and new types of equipment have appeared in the cane sugar 
industry. This revised and updated edition includes information on these 
new techniques and machinery, and I hope that it will be found even more 
useful than the first edition. 

V.E. BAIKOW 



Preface to the First Edition 

The purpose of this book is to give an operating manual to the workers in 
cane raw sugar factories and refineries. There are many excellent reference 
and text books written by prominent authors, but I do not know of any that 
tell briefly to the superintendent of fabrication the best and simplest proce-
dures in sugar production. From my own experience I know how difficult 
and sometimes confusing it is to compile information taken from reference 
books, and it of course requires time, since those books must be thoroughly 
read. They are of enormous value when the reader has enough experience to 
be able to choose and classify information that at times is contradictory. It 
should be remembered that this book is meant, not to replace or belittle 
existing books treating sugar production, but rather to supplement them. 
It also has to be remembered that all that is written in this book, each 
chapter of which deals with a separate station in a raw sugar factory and 
refinery, is based on material already published and known to many sugar 
men, as well as my personal experience of over forty years in the sugar 
industry. The methods that in my opinion are best to follow are indicated. 

I believe that this book will be valuable also for designing a new factory 
or for modification of an old one. Several chapters were written by men 
with high standing in the sugar industry and highly specialized in their 
particular fields. 

I sincerely hope that this book will be helpful to all who work in the cane 
sugar industry. 

V.E. BAIKOW 
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Chapter 1 

SUGAR CANE 

HANS G. S0RENSEN 

Miscellaneous Notes on Sugar 

For centuries the word sugar has been not only a name for a brown or 
white product but, because of the product's delightful qualities, it is also 
used worldwide as an expression of endearment and affection. 

Recently, however, sugar has become a word to induce mistrust, and even 
fear. Manufacturers of artificial 'sweets', suddenly discovering the 'chance-of-
a-lifetime' in having the weight-conscious consumer at hand, began high-
pressure propaganda some y ears ago, informing people through every medium 
of communication that if they used artificial sweeteners in coffee, tea, soft 
drinks, desserts, etc., they would stay forever slim, pimple-free and happy. 

That this propaganda worked is obvious, because practically every home 
now has such 'sweets' on the kitchen shelves, and smartly-shaped little 
bottles are carried in women's handbags, or in the coat pockets of men. 
Additionally, it is human nature to bestow various bad characteristics upon 
a substance or product that is being generally discredited, and it is not there-
fore unusual to hear someone remark that sugar will cause diabetes, heart 
attack, bad teeth, or a variety of other ailments. 

The Importance of Sugar in the Diet of Man 

As everybody should know, man cannot live without a certain minimum 
level of sugar in his blood, the diabetic providing a good example of what 
happens when the blood sugar is not converted into energy as should be the 
case in a healthy body. Before the discovery that insulin is essential for 
normal body function, a person with a defective pancreas (where the hor-
mone, insulin, is formed) would have a short, or very short, life span, 
depending on the severity of his condition. Such a person was diabetic; his 
blood sugar was constantly very high, because only a small proportion of it 
was converted into energy, and his body reaction was therefore the same as 
that of a healthy person with a low level of blood sugar. He was always 
hungry, and also thirsty because of the high osmotic pressure in the blood 
stream, and since the sugar did not 'bum' as it normally does, it was treated 
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by the body as foreign matter and was expelled by the kidneys. As the mal-
function became worse, he would slowly starve to death, commonly at a 
young age. 

When the sugar level of a healthy person begins to drop he feels hungry, 
and the more it drops, the more hungry he becomes. The sugar level, then, is 
the mechanism that regulates the food intake. Therefore, if a person wishes 
to eat less, all he needs to do is to eat a portion of well-sweetened fruit 
gelatine, a portion of ice-milk sweetened with sugar, or a few pieces of a 
confectionery product made for that particular purpose and sold in any 
drugstore. If this is done about half an hour or forty minutes before a meal 
time, the blood sugar level will begin to rise, and by the time the person sits 
down at the table he does not feel so hungry, and will therefore eat less. 

Let it be remembered, therefore, that sugar is absolutely necessary, and if 
not eaten as such, it must be made from other carbohydrates which exist in 
food; but since sugar is the lowest in caloric value of all carbohydrates in an 
ordinary diet, as well as the cheapest, it should be used liberally, but wisely. 
A few spoonfuls of sugar daily in coffee or tea represent only 60—70 cal, 
any ill-effects of which can easily be counteracted by eliminating a small 
amount of fatty substances or slow-burning starch from the diet. 

Sugar-producing Plants 

A large variety of sugars is found in plants, as well as in products of 
animals and insects. However, the sugar that is generally referred to is 
sucrose (or saccharose), a disaccharide which by hydrolysis inverts to two 
monosaccharides, glucose (dextrose) and fructose (lévulose). 

Sucrose is found in appreciable quantities in many plants, e.g. in flowers, 
non-acid fruits, stems, tubers, etc. As is well known, the two most important 
plants for sugar extraction are the sugar beet (Beta vulgaris) and sugar cane 
(Saccharum officinarum, or hybrids thereof). The use of sugar beet as a 
large-scale source of sugar is quite a recent phenomenon. It is little more 
than a hundred-years-ago that the percentage of sugar in Beta plants barely 
reached 4—5%. During the last 70 years, however, there has been an impres-
sive increase in sugar yield, as a result of crossing and selection, and the 
modern sugar beet varieties yield as high as 20% sucrose, and sometimes a 
little better. 

The oldest and cheapest source for sugar manufacturing is the sugar cane 
which, in its native habitat of New Guinea, existed more than 12 000 years 
ago (according to Brandes and Artschwager). About 8000 B.C. it 'hedge-
hopped* south-eastward to the New Hebrides and New Caledonia; its second 
migration was north-west to the Celebes, Borneo, Java, Indochina and 
India, which began in ca. 6000 B.C. Most probably, it arrived in Egypt and 
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the Mediterranean coastal lands in ca. 3000 B.C. A third migration north-east-
ward to numerous Pacific islands and Hawaii occurred quite recently, during 
the period 500—1100 A.D. Sugarcane was brought to the New World in 
1493, on the second voyage of Christopher Columbus. The variety brought 
then was the thin-stemmed, but soft and sweet variety, "Criolla". 

The sugar cane belongs to the genus Saccharum, and there are three 
species, namely, S. officinarum, S. robustum, and S. spontaneum. The litera-
ture often mentions two other 'species' ("sinense" and "barberi"), although 
these are not true species but complex hybrids. According to Grassl, 
"sinense" most probably originated in south-east Asia, or in southern Japan, 
perhaps the result of a natural cross between S. officinarum and a tetraploid 
Miscantus (a different, but related, genus). The "barberi" is a complex of dif-
ferent hybrids, probably consisting of S. spontaneum as the main element. 
There are various groups of the latter, and none of them is related to 
S. officinarum. Saccharum officinarum and S. robustum are closely related, 
and both are quite far removed from S. spontaneum, the thin-stemmed wild 
cane. 

The large number of varieties of Saccharum officinarum are also called 
'Noble Canes', and up to the period 1925—1930 a few of these varieties (or 
hybrids of them) were the main source of the world's sugar production from 
sugar cane. In general, all Noble Canes are thick-stemmed, low in fiber, juicy 
and 'self-thrashing'. Around 1920, the Dutch began to cross S. officinarum 
with S. spontaneum in order to obtain resistance to the then ravaging 
'Mosaic' disease. After having back-crossed to Noble varieties a few times, 
the famous POJ Hybrids were developed, soon to be adopted by the entire 
sugar-producing world. Later, all the well-established breeding centers carried 
on from there, the varieties of today being a mixture of S. officinarum, and 
S. spontaneum. The so-called Noble Canes are no longer grown commercially, 
although small areas of Cristalina and Cana Blanca may be found in places. 
Of course, a large number of Noble Canes are kept in many breeding centers 
for cross-breeding. 

As a whole, it can be said that the modern sugar cane varieties of today 
have a high resistance to the Mosaic disease, and give considerably more 
sugar per unit of area than did the Noble Cane varieties even at their best; 
but the rise in sugar yield from sugar cane as such has not been nearly so 
spectacular as in the case of sugar beet. 

The Molecular Structure of Different Sugars 

It has already been noted that sucrose, or saccharose, is a disaccharide 
which, by hydrolysis (uptake of one molecule of water) forms one molecule 
of glucose (dextrose) and one molecule of fructose (lévulose). Its empirical 
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formula is C i 2H 22 0 u, but the structural formulas for glucose and fructose 
are 

C12H22O11
 +
 1 H20 -

glucose fructose 
(dextrose) (lévulose) 

CH2OH CH2OH 

CHOH CHOH 
J 1 

CHOH 
1 

CHOH 
1 

CHOH CHOH 
1 

1 

CHOH c = o 

J 
CH=0 

1 

CH2OH 

This inversion can be brought about by heating a sucrose solution with 
diluted acids, or by enzymic action. It can be seen that glucose is an aldo-
hexose and fructose a ketohexose. In other words, glucose contains an 
aldehyde group and fructose a ketone group, placed as shown in the struc-
tural formulas. By hydrogénation, both of these sugars become hexavalent 
alcohols, and by oxidation they become acids. 

The two invert sugars are also called 'reducing sugars', because they 
reduce copper in a Fehling's solution whereby cuprous oxide (Cu20) is 
precipitated. Both the aldehyde group and the ketone group are equally 
active during the process of hydrolysis. Sucrose does not reduce copper in a 
Fehling's solution, which proves that the two reducing groups are either tied, 
or are formed only during the process of hydrolysis. A conversion of one 
molecule of glucose, plus one molecule of fructose (minus one H20) to one 
molecule of sucrose is not possible in the laboratory, but, as is so often the 
case, nature can do what man cannot, and the plants are capable of per-
forming this reaction either way. 

Practically speaking, the sugar beet at maturity contains sucrose only, and 
the sugar cane mostly sucrose but with a proportion of invert sugars, the 
quantity varying according to maturity. During the season of rapid growth 
the percentage of invert sugars is appreciable, but as the growth rate slows 
down during the season of short days, low soil moisture and cool nights, the 
cane begins to mature. When the plant is fully mature, the quantity of invert 
sugar in the stalk is small, although there are variations from one region to 
another, and between one variety and another. 

Of course, there are cases where the percentage of invert sugars may rise 
spectacularly by enzymic action; for instance, because of diseases which 
enter through the leaves and terminal buds, or directly into the stalks as a 
result of Borer attacks, freeze damage, hurricane damage, excessive drought, 
poor drainage, or when the cane is left too long in fields or yards. 
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Polarization 

It is well known that sucrose in solution rotates a polarized light to the 
right in equal proportion to the quantity of sucrose present. Therefore, the 
percentage of sucrose is usually determined by polarization, which is a quick 
and exact method, unless other chemicals with similar qualities interfere. 
The invert sugars do interfere, but if they are present only in small quanti-
ties, the error is usually ignored. 

Glucose rotates a polarized light to the right, but the rotation is much 
stronger in freshly-prepared solutions than in those which have been standing 
for some time (mutarotation). Fructose (lévulose) rotates a polarized light 
strongly to the left, and therefore, if the percentage of invert sugars is high in 
a certain juice, the greater left-rotating power (two and a half times greater 
in fructose than in glucose) will make any readings of the dilute juice 
samples too low, and more sucrose will be allowed to enter the boiling house 
than is indicated by 'apparent sucrose' determinations. In such cases, the un-
determined loss may be very small, even negligible, which makes any fabrica-
tion report pleasant reading, but this may not necessarily mean good mill 
control. Conversely, dextran and glucose often appear in cane juice in 
appreciable quantities, particularly after freeze damage, and since they both 
rotate to the right, less sucrose than indicated will be allowed to enter the 
boiling house, and the undetermined loss may become very high. In such 
cases, the fabrication staff may be blamed for discrepancies which are not 
their fault. Such errors can be corrected by using the Clerget method (Jack-
son and Gillis, 1920) for determination of true sucrose in order to check 
whether situations such as those described exist. 

Sugar in the Field 

Field management of sugar cane compared to that of sugar beets is some-
what more difficult, because the cane may change radically in sucrose con-
tent if there is more than three or four days between cutting and hauling. 
Sugar beets, on the other hand, may lose weight, but there is no inversion 
or fermentation and the total sucrose remains unchanged unless the beets 
are hit by frost. 

The equipment needed on a modern sugarcane estate is more complicated, 
heavier, and far more expensive than in the case of sugar beet, and the 
damage to fields of sugar cane during rainy weather is often a problem, since 
the ratoons must be maintained for the following crop. The cutting and 
hauling must also be coordinated far more carefully, for the reason 
mentioned above. 

The breeding of new and superior sugar cane varieties is another difficult 
task, since so many characteristics must be included in a single variety, i.e. 
high sucrose, good juice quality, high tonnage, low fiber content, little or 



Fig. 1.1. Sugar cane field in Florida. 

no flowering, a superior root system, good growth habits, good ratooning 
qualities, resistance to lodging and disease, leaf sheaths free from sharp hairs, 
no cracking of the rind, etc. Only with regard to diseases and pests does the 
sugar cane agriculturist have an easier task to perform. 

Sugar in the Factory 

In earlier days, when sugar was manufactured from a standard Noble 
variety, and when the competition was less severe than today, sugar cane pro-
cessing was often a matter of putting the cane into one end of the factory 
and taking the sugar out at the other with little attention being paid to what 
happened in between. Those days belong to history, because competition in 
the modern sugar industry has become formidable, and for many reasons, 
the margin of profit is often small. Therefore, the profits can be expected to 
reach a level that makes the business attractive only by having modern equip-
ment and by paying utmost attention to what happens between the two end 
points of the factory. 

If a beet sugar factory is compared to that for sugar cane, the former has 
an advantage, in that the raw product is more uniform and almost perfectly 
clean when it reaches the beet slicer. Sugar cane, on the other hand, is usually 

6 



7 

mixed with a great deal of foreign matter, and the quality of the cane itself 
changes frequently for a variety of reasons, e.g. because of differences be-
tween varieties or because the variety or varieties are plant-cane or ratoon. 
There are also variations in maturity, and at times the cane may be damaged 
by lodging or frost. Such factors will cause a variation in juice quality which 
must be counteracted, particularly during the clarification process which, 
generally speaking, is the most important step in making first-class sugar at a 
high level of economy. 

Altogether, sugar manufacturing involves a bewildering variety of chemical 
and physical processes whose complexity is not realized by the general 
public. The following chapters, written by specialists in their fields, may be 
of interest to anyone desiring some knowledge of the functioning of a cane 
sugar factory; the main purpose, however, is to present information useful to 
those who are directly connected with the industry. 

Notes on Crop and Soil Analyses 

Writing anything useful about sugar cane culture in one short chapter is 
no easy task, and there have been many good books and articles written on 
the subject. Therefore, one must choose a few pieces of information not 
generally treated by others in the same manner and hope for the best. 

At college, my favorite subjects were agricultural chemistry and plant 
nutrition, and I took an extra one-year course after graduation in order to 
learn more about these subjects. My first job was as a county counselor in a 
region where the principal crops were grains, grass and sugar beets, and the 
work included variety and fertilizer experiments, cultivation (machinery and 
methods), milk production, and a system of book-keeping that would show 
the general economy at year's end. 

It appeared to me from the beginning, that analyses of the grains and 
beets, as well as straw and beet tops, would give a great deal of information, 
because they would show, more or less, the exact amount of Ν, Ρ and Κ 
taken from the soil. Similarly, analysis of the soil would show what nutrients 
were available and, therefore, indicate the fertilizer needed to produce a 
desirable crop as close to the economical maximum as possible; that is, a 
point in the yields where any further increase would not pay for the extra 
fertilizer needed to obtain that increase. This point may vary from year to 
year, depending on the price of the produce, and the cost of the fertilizer 
over the same period. It was also noticed that nitrogen above a certain level 
of application could be detrimental to the sugar yield in sugar beet and, of 
course, it was important to know what that level was. 

Later on in life, my work shifted from a temperate zone to the tropics 
and tropical crops, mostly sugar cane, and it soon became evident that 
tropical agriculture was a different matter. For instance, the analysis of 
sugar cane is difficult, because small samples are not always representative of 
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the attributes of large quantities of cane, and the analyses are tedious and 
time-consuming. However, after a few years of work in laboratories, together 
with fertilizer experiments, it is generally believed that the following figures 
for Ν, Ρ and Κ contents of sugar cane are reasonably correct: 

Ν 1.15 kg t"
1
 sugarcane 

P2Os 1.00 kg t"
1
 sugarcane 

K20 2.50 kgt"
1
 sugarcane 

The nitrogen content includes tops, because so little returns to the soil after 
burning, whereas most of the Ρ and Κ does. As an example, let us take a 
complete experiment, including preliminary calculations and a follow-up 
in the field (Ingenio Mayaguez, El Valle, Colombia). 

The soil in which the cane was to be planted was a friable, fine, sandy-clay 
loam of very good quality, and the weight of the upper 40 cm of soil was 
calculated to be 4.4 Χ 10

6
 kg ha"

1
, in situ, with its normal moisture and air 

contents. The average of a large number of samples of this soil type ran as 
follows: Ν = 24 ppm; P2Os = 36 ppm; K20 = 380 ppm. Therefore, with a 
topsoil weight of 4.4 Χ 10

6
 kg ha"

1
 the total nutrients available should be: 

Ν 24X 4.4= 106 kg ha"
1 

P2Os 36 X 4.4= 158 kg ha"
1 

K20 380 X 4.4 = 1672 kg ha"
1 

The next step was to estimate the tonnage, duly considering the irrigation 
water available in a normal year, plus rainfall. This estimate was set at 
14 t ha"

1
 per month, assuming that the cane was cut at an age of 12 months 

(the production per unit of area, per month, will vary according to plant 
age). The variety used was CP 57/603, which matures in 12 months, more or 
less, in the region mentioned, and has its optimum production per unit of 
area, per month, after that period. Then, assuming 14 t cane ha"

1
 per month, 

the tonnage should be: 14 X 12 = 1681 in 12 months. Applying the figures 
of nutrients per tonne of cane we get: 

168 X 1.15 = 193 kg of Ν removed from the soil 
168 X 1.00 = 168 kg P2Os removed from the soil 
168 X 2.5 = 420 kg K20 removed from the soil 

and by subtracting the quantities of nutrients available we get : 
193 - 106 = 87 kg Ν to be applied by fertilization 
168 - 158 = 10 kg P2Os to be applied by fertilization 
420 - 1672 = 0 kg K20 to be applied by fertilization 

However, in order to be sure there would be enough nutrients, the applica-
tion rates per hectare in the follow-up experiment were : 

120 kg of Ν instead of 87 kg 
40 kg P2Os instead of 10 
50 kg K20 instead of 0 

The nitrogen was applied in three applications, and the micro-elements used 
were: boron (as borax), 6 kg ha"

1
; copper (as copper sulfate), 4 kg ha"

1
; 

and, zinc (as zinc sulfate), 2 kg ha"
1
. There were 20 plots, each one-tenth of 

a plaza (or 640 m
2
) and the categories were as shown in Table I. From 
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TABLE I 

Categories of plot based on nutrient status (applied + available in soil) 

Category Nutrient (kg ha -

1
) 

Ν P 20 5 Κ,Ο Borax Copper Zinc 
sulphate sulphate 

A (NPK + ME*) 226 200 4 7 0 6 4 2 
Β (NPK only) 226 200 4 7 0 
C (NP only) 226 200 
D (NK only) 226 4 7 0 
Ε (PK only) 200 4 7 0 

*ME = micro-elements. 

Fig. 1.2 it will be seen that there were four replicate plots for each category. 
Each plot had 12 rows with a row distance of 1.4 m, the width of each plot 
being 15.4 m, therefore, from one outside row to the other. However, be-
cause of a separation of 2.8 m between plots this distance must be added, 
and the correct plot width, from the middle of one separation to the middle 
of the next, was therefore 18.2 m. The net length of the rows was 32.4 m, 
but again 2.8 m must be added, and the correct plot length was therefore 
35.2 m. The true plot area used for calculating the tonnage per hectare is 
therefore: 35.2X18.2 = 640 m

2
, or one-tenth of a plaza (see Fig. 1.3). 

Some may argue that there should be a buffer row on each side of the 
plots, in order to absorb possible side effects, but these are needed only 
when the plots are small. The larger experimental plots, with their separation 
area included, obviate the need for such buffer rows. This has been proved 
by several experiments made with that purpose in mind. The two outside 
rows in each plot may be slightly favored because they have more room, but 
this will be true of all plots and for that reason can be ignored. However, two 
factors are very important, namely uniformity of soil, and a perfect stand of 
cane in every row. During many years and many experiments, the differences 
in tonnage between plots of the same category have always been very small, 

A Β C D 

Ε A Β C 

D Ε A Β 

C D Ε A 

Β C D Ε 

Fig. 1.2. Layout of replicated plot categories used at <E1 Valle, Colombia. 
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- P l o t length 35.2 nr 

{Row width 1.4 π 

I Separation of plots 2 .en-

Area of plot = 0 .1 Plaza ( 6 4 0 m

2
) 

Fig. 1.3. Plot dimensions used for field experiments at El Valle, Colombia. 

in my experience, except on two occasions; in one case the soil was not uni-
form, and in the other case, a severe storm caused lodging in some plots but 
not in others. In both cases, the figures were worthless, and the experiments 
were discontinued. 

On the whole, however, the system has worked well. It does not interfere 
with the ordinary work routines, there are no extra costs involved, and there 
is practically no room for error. At the time of harvest, experienced laborers 
cut the cane under supervision of a person well acquainted with the plot 
layout, and he also supervises the loading. Each driver of a tractor train re-
ceives a slip of paper for each cart in his train, showing the plot number as 
well as number of the cart. The person at the scales then marks down the 
weight and keeps the slips until they are collected. The results of the experi-
ment at El Valle, Colombia are shown in Table II. It will be noted that the 
expected tonnage was correct, namely ca. 14 t cane ha

-1
 per month (168 t 

cane ha"
1
 in 12 months). 

The micro-elements supplied were not essential, since the average tonnage 
for plots A (NPK + M.E.) was 4 t less than that of NPK without M.E. 
The small negative difference is somewhat puzzling, because it persisted in all 
experiments. It is most likely that this was a result of slightly toxic condi-

TABLE II 

Relative tonnages for replicated plot categories used at El Valle, Colombia 

Category* Tonnage Category* 

Total (t cane ha"

1
 ) Average per month (t cane ha

 1
 ) 

A 165 13 .75 
Β 169 14.08 
C 168 14.00 
D 164 13.67 
Ε 119 9.92 

•Plot categories as in Table I. 
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tions when the fertilizer was applied to the bottom of the rows (as is the case 
in plant cane) and, therefore, the application of micro-elements has been 
reduced to half. 

Potash was not essential, because plots C gave the same results as plots B. 
Plots D (NK, but no P) gave 5 t less than plots Β (NPK), a difference of 
only 3% which is not really significant, but since the soil analyses had shown 
the same small difference, the decision was made to apply 200 kg ha"

1
 of a 

low-grade superphosphate to the bottom of the furrows for plant-cane, and 
to then leave the field or fields without applications of P2Os until the next 
planting. 

The average tonnage of the plots Ε (PK only) was 50 t less than for plots Β 
(NPK) and, therefore, 58 kg extra (50 X 1.15) were required, according to 
the formula, instead of the 87 kg indicated by the soil analyses. However, a 
favorable difference is always expected in these soils because nitrogen levels 
(when the samples are taken in old ratoon fields prior to planting) will be at 
their lowest at this time. After deep cultivation, and generally good soil 
preparation before planting, favorable change occurs. Biological processes 
and good aeration will transform more organic nitrogen into inorganic 
nitrogen than before, and for this reason only a comparatively small quantity 
of nitrogen is applied in most of these soils at the time of planting. Subse-
quently, if soil samples show that no more Ν is required for satisfactory 
production, no more need be applied. On the best soils, i.e. friable soils, 
with good capillarity, good natural drainage and a comparatively high per-
centage of total nitrogen (> 0.2%), nitrogen may not be needed at all, insofar 
as the plant crop is concerned. 

Obviously, there is no single method or procedure that will ensure success 
in all geographical regions and under all environmental conditions, but I be-
lieve that good chemical control of crops and soils is helpful in attempting to 
find the most economical level of fertilization and irrigation of sugar cane. It 
is always possible to increase the tonnage of sugar cane by applying more 
fertilizer and water, but there is always a point where any further increase in 
tonnage will not pay for the extra cost of fertilizer and water needed for that 
increase. Also, it may be that such forcing can cause lodging of the cane, in 
which case the sugar yield may drop severely. If that happens, the financial 
breakdown will not be pleasant to look at. 

Growth Records for Sugar Cane 

Measurements of sugar cane during the period of growth are practised in 
many places, mostly, perhaps, to see how one year's growth compares to 
those of others. However, measurements can be useful for many purposes, 
and can furnish much information with regard to fertilization requirements, 
irrigation methods (surface, overhead, drip), variety trials, etc. But, in order 
to obtain the maximum information from cane measurements, the number of 
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stalks per unit of area must also be known. This can be established by 
counting the number of stalks over a 100 m

2
 area, in four or five different 

areas of the field to be measured. Then, if the row distance is 1.40 m, for 
instance, there will be 7140 row-meters per hectare (10 000/1.4), and if the 
number of stalks is 720 per 100 m, the number of stalks per hectare will be 
51400 ((7140 X 720)/100). This number, of course, will vary from one 
variety to another, as will the stalk weight. Knowing the total height of the 
stalks at the end of the season, the number of stalks multiplied by the 
average height will give the total amount of standing crop kilometers or 
meters per hectare. When the field tonnage is known after the harvest, the 
total stalk length (m), divided by the tonnage, will give meters per tonne of 
cane, per hectare. After a few repetitions over a period of a couple of years, it 
is possible to estimate the tonnage fairly correctly in this manner, insofar as 
any one variety is concerned. 

Two competent workers should do the measuring and counting as well as 
other field work helpful to the agronomist, such as taking soil samples and 
running refractometer tests in the fields. Refractometer tests should begin 
when the cane is nine months old, and should continue until it is ready for 
harvest. While doing the stalk count, the workers should look for signs of 
disease, particularly when several varieties are being tested. If they notice 
any leaf markings not previously seen in any locality, they should report this 
to the agronomist. They should also make notes on such matters as lodging, 
sharp hairs on the leaf sheaths, flowering habits, and other undesirable char-
acteristics of any new varieties being tested. 

The measurements can be made in any suitable manner, but in the 
following I will explain how I have done it during many years in the sugar 
business. Firstly, a field is chosen for information of the desired kind, and a 
uniform place selected for the measurements. Obviously, no large number of 
stalks can be measured, because this would be very time consuming. When I 
began such work about 50 years ago, I measured 20 stalks in each case, but 
later this number was reduced to 12, which seemed to be sufficient for 
reasonably accurate data. However, this number must be maintained 
throughout the season, and if a stalk should die for any reason, e.g. a Borer 
attack in the terminal bud, then the average growth during that period must 
be based on 11 stalks only. Another stalk is then measured to take its place. 

Insofar as the period between one measurement and the next is concerned, 
one week is desirable but not always practical. Therefore, once every four-
teenth day is satisfactory, but the work must be done at exactly 14-day 
intervals. If this should not prove possible, as sometimes happens, it must be 
done on an immediately subsequent day. If this is the sixteenth, for instance, 
the daily average growth is calculated, and two day's growth is subtracted. 
This same figure must then be added at the next measurement. 

The 12 stalks are chosen in one or two rows (avoiding outside rows) and 
at four different locations in a plot, not far apart, giving samples for three 
stalks at each location. A short peg should be hammered into the ground 
close to each stalk, slightly above ground level so that it is easily visible. Each 



13 

of the three stalks should be marked with a plastic tape of an eye-catching 
color. An individual number on each stalk is not necessary, because they can 
be given numbers according to their positions; the one farthest to the left 
being given the lowest and that furthest to the right the highest. Measure-
ments should be made from the top of the peg to the last transverse mark on 
the leaf sheaths. A measuring rod should be used, bought or 'home-made', of 
a soft wood that can be marked easily with indelible ink. It should be about 
225 cm long, with a sliding arm (see Fig. 1.4) so that the stalks can be 
measured rapidly and accurately, always ensuring that stalk and rod are held 
in parallel. When the stalks reach ca. 2 m high it is possible to use an 
ordinary steel tape. In this case, the stalks must be marked at exactly 1 m 
from the original zero point (i.e. 1 m from the top of the peg), and the 1-m 
mark should be made with adhesive tape or wax pencil in such a manner that 
the upper edge of the marker indicates 1 m. If this change in measuring 
implements is made, two measurements must be made initially, one 'to ter-
minate the measurements from the top of the peg to the last transverse mark 
and the other from the 1-m mark on the stalks to the last transverse mark 
made. During the subsequent period of measurements, the stalks are mea-
sured from the latter mark, and 1 m is added. If the stalks reach 3 m, the 
system of marking can be restarted at the 2-m level, and so on. 

Growth may vary greatly from one region to another. In Florida, for in-
stance, the growth during June, July and August is phenomenal because of 
high temperatures, long days and optimum moisture conditions. By the 
middle of September, however, growth slows down and is very slight from 

\— 40 

Fig. 1.4. Sketch of 'home-made' measuring rod. 
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October and onwards. In regions near the Equator, growth tends to be 
similar in all months, because there is little difference in temperature and 
length of day throughout the entire year. Therefore, the information desired 
will differ from one region to another, but the measurements will always be 
useful for one purpose or another in any region. 

The author cannot give specific examples of data from various regions, but 
data from Ingenio Mayaguez, Colombia, are available and a few examples of 
what we learned from the measurements follow: 

(1) The growth of plant-cane during a period of drought decreases con-
siderably more than it does in ratoons. 

(2) Growth is best in plant-cane from the sixteenth to the thirty-sixth 
week, during which time 51% of the growth occurs. In other words, the cane 
grows as much in this 20-week period as it does in the other 32 weeks within 
a year. For this reason, it is important to look for varieties of cane that 
mature within 12 months, because the sugar per unit of area, per month, will 
be considerably better than it would be after 14 or 15 months, for instance. 
At the present time, two varieties have met this requirement, and the results 
have been gratifying. 

(3) Ratoons grow very quickly from the twelfth to the thirty-sixth week 
(75% of the 12-month total). Therefore, it is again as important to have 
varieties that will mature within 12 months, with ratoons. By using frequent 
refractometer tests from the ninth month onwards, the two varieties men-
tioned above have often been cut at 10 or 11 months, with good economic 
results. 

(4) After having acquired records of growth for a certain variety for two 
or three years, it is possible to calculate the tonnage more or less correctly 
by using the final measurement of that variety. Usually, it is ca. 2.2—2.3 
cm t"

1
 cane ha

- 1
. This low figure makes one realize how easy it is to leave a 

few tonnes in the field by cutting too far from the tops and/or by leaving 
too much stubble. For instance, in leaving 5 cm stubble and cutting 10 cm 
too far from the top, 7 t cane ha

-1
 will be lost. Therefore, the field overseers 

should continually call attention to this fact until correct cutting has become 
a habit. 

Since the measurements are often closely related to variations in moisture 
conditions, we frequently calculate the quantity of water consumed to pro-
duce one kilogram of sugar, a calculation which can, at times, be very in-
formative. Occasionally, such figures have been reported by a few countries, 
and according to these reports it takes roughly 2 tonnes of water to produce 
1 kilogram of sugar. At Ingenio Mayaguez, the average is somewhat less 
(1.6 tonnes of water per kilogram of sugar) but under favorable conditions 
the consumption of water is considerably less. This is demonstrated by the 
following example. 

The area in question was fairly large (160 ha). The rainfall during the 
period was well distributed, and it was supplemented with overhead irriga-
tion whenever the moisture dropped below a certain level. The capillarity 
and water-retention capacity of the soils are ideal in this particular area 
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which is, of course, important for good utilization of soil moisture. The cane 
was cut at an age of 13.5 months, and the production of sugar was found to 
be 20.06 t cane ha"

1
. The total water (rainfall + irrigation) was 1680 mm. 

From these figures, it can be calculated that the utilization rate was 0.837 
tonne H 20 per kilogram of sugar (i.e. 16 800/20 060). 

Notes on the Sugar Cane Stalk Borer (Diatraea saccharalis) 

It is assumed that most sugar cane entomologists are in favor of a Borer-
control system using biological rather than chemical means because the latter 
is expensive to apply and will kill insects which control Borers as well as 
those doing the damage. In fact, the Borers will get the upper hand after a 
spraying or dusting, because many of them will already be inside the stalks, 
and therefore protected, while the controlling insects have practically no 
chance at all. 

The most important Borer parasites and predators are: Lixophaga diatraea 
(and other L. diatraea spp.); Paratheresia spp.; Apantes spp.; Agathis stig-
materas; and, the Formicidae (ants). The importance of each of these insects 
will vary from region to region, but by taking simple counts, it is easy to 
determine which of the mentioned parasites has the highest kill-ratio, and 
that particular one should then be propagated and distributed to areas where 
it is most needed. 

Dr. T. Summers, formerly with the U.S.D.A., and now with the U.S. Sugar 
Corporation, Clewiston, Florida, has developed propagation methods for 
Lixophaga that are extremely fast and cheap, but it must be pointed out that 
this system, at least in Florida, is dependent upon a continuing production 
and release of the parasite. That is, it is not self-sustaining, because of the 
cold winter months and lack of protection in large extents of sugar cane. 

The most important insect for controlling the Borer, insofar as Louisiana 
and Florida are concerned, is the ant. Ants are not troubled by low tempera-
tures during the winter months in the regions mentioned, and Borer eggs as 
well as the young larvae are foods favored by the ants, which reduce Borer 
damage significantly in these areas. In tropical countries, the ants tend to 
move Mealy-bugs around to the best feeding places under the leaf sheaths, 
whereby the Mealy-bug (not being able to move by itself) will thrive like a 
cow put on new pasture, and the ants in turn will feed on the sweet excre-
tions of the Mealy-bug. The parasitic insects are exceptionally important 
for satisfactory Borer-control in truly tropical climates, and in order to 
have large populations of these insects, they should have access to the 
most favorable conditions possible. How can this be done? Simply by 
planting trees in a manner that will provide protection, as well as a place for 
rest and mating. The trees, of course, should be useful and part of the overall 
economy, e.g. fruit trees, in which case superior mango varieties would be 
the best choice, because the mango fruit needs no protective spraying of any 
kind. It is believed that the best economic choice is Gmelina aboris, a very 
fast-growing tree with a superior wood that will not shrink, and which is 
excellent for use as plywood and in furniture manufacture. The minimum 
area to be planted should be no less than 1.5% of the total area, i.e. if 10 000 
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ha is under cane, the area planted to trees should be 150 ha. The planting 
should be systematic, and done in such a manner that there would be no 
more than 1 kilometer from plot to plot; e.g. one 1.5-ha plot per square 
kilometer of cane. This may perhaps, seem to be too bothersome, but will 
make for economy without a doubt. 

From a large number of Borer counts over a period of years one may, in a 
case like the one just mentioned, expect that the improved conditions for 
the parasites will decrease the Borer population by half and thereby increase 
the sugar yield by no less than 0.2%. If we then set the average tonnage at 
801 ha"

1
, the following calculation can be made: 

For grade Ά', 10 000 ha without Borer-control: (10 000 X 80 X 12.5)/100 = 
100 0001 sugar; 

For grade Έ', 9850 ha with improved control: (9850 X 80 X 12.7)/100 = 
100 075 t sugar. 

In other words, the production of sugar is the same in both cases, but the 
value of the wood will increase the utility of "B" considerably as demon-
strated by the following conservative figures: 

Age of trees by the time of cutting 14 years 
Board meters per tree at that time 60 
No. trees per hectare 180 
Board meters per hectare (60 X 180) 10 800 
Board feet on 150 ha after 14 years 1 620 000 

It is not possible to convert these figures into cash terms 14 years hence, but 
the economy is certain to be better than that of sugar cane on a yearly basis. 

The trees should be planted closely, in order to prevent low branching; e.g. 
2 X 2 m and then thinned out from the fourth to the seventh year of growth, 
at which time the wood can be used for fence posts and/or poles of one kind 
or another. Since there will be thousands of tonnes of waste wood during 
these years, any sugar company having the right conditions and wishing to try 
the system ought, perhaps, to have a small saw mill for the sake of good 
economy, and if the mill also has large quantities of excess bagasse every 
year, it would seem a good idea to keep a boiler and generator running 
during the 'dead season'. With the general awareness that no cheap source of 
energy should be ignored, it should not be difficult to sell the energy to the 
utility company furnishing the locality with electricity. However, if the sugar 
mill is very modern with regard to boilers and generators it would, perhaps, 
be necessary to put up an extra boiler and generator unit suitable for burning 
the waste wood and excess bagasse. 

With regard to the seed of Gmelina aboris, it may be difficult to get the 
quantity needed for a large planting, and in that case a trial planting of about 
10 ha might be made to produce the seed needed for the larger area over a 
period of a few years. 
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Chapter 2 

HARVESTING AND TRANSPORTATION OF SUGAR CANE TO THE 
FACTORY 

FRANK A. BEALEÎ 

Harvesting 

Cane Cutting 

The bulk of all sugar cane harvested in the world today is still cut by hand 
with a cane knife or machete. However, during World War II, labor 
scarcity and high cost of labor caused plantation owners in Hawaii and 
Louisiana to investigate mechanical means of cutting cane. Various types of 
harvesters had been tried prior to World War II, the Faulkner harvester, for 
example; however, none of these harvesters was successful. The labor 
shortage was so acute in Hawaii at that time that action had to be taken or 
the cane crop could not be harvested. Two systems of cutting cane were 
developed in this area, pushrake cutting and grab harvesting. 

The pushrake system consists of mounting a rake, with permanent knives 
placed on its tines, in front of a large track-laying tractor. The cane is burned 
before cutting, and then the pushrake is put into the field, pushing and cut-
ting the cane in the direction in which the rows are planted, forming a large 
windrow of cane. Infield roads are then made alongside the windrow, and 
the cane is picked up by large grabs installed on three-quarter yard cranes 
especially designed for this operation. This system of cane cutting is cheap, 
but necessitates complicated cleaning plants to be installed at the mill in 
order to clean the cane for processing. Losses in sugar are high in this system. 
However, it is still the most popular system used for cane cutting in Hawaii. 

The second system developed in Hawaii at this time was the grab 
harvesting system. A large grab was mounted on a three-quarter yard crane 
which went into the field after the cane was burned and the cane was literal-
ly pulled and broken off and loaded into transport units in the field. This 
system was used on many plantations for some time, but is now used by very 
few. This system also obliged the mill operators to install cleaning plants in 
order to clean the cane for processing. 

Both of these systems are efficient in high-tonnage cane, and are being 
used in other areas where high-tonnage cane is prevalent. During this same 
period, Louisiana also had serious labor shortages and operating costs soared. 
Several agricultural engineers cooperated in the development of the Louisiana 
cane cutter. Louisiana cane tonnage per acre is light, and the cane is planted 

"^Deceased. 
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on top of banks. This made it easier to develop the cutter. Cane is cut at the 
bottom of the stool on top of the bank, and a topping apparatus cuts off the 
tops. This machine is very efficient today, and is used throughout the in-
dustry wherever the Louisiana planting system can be used. Cane is not 
burned before cutting, but is burned in the windrow after being cut. This 
cutter piles four rows in a windrow across the rows. Several other cut-wind-
row cutters are at the experimental stage in Australia, Hawaii, Florida and 
Puerto Rico. 

However, in most other areas of the world, sugar cane is still cut by hand. 
Incentive systems have been devised to lower hand-cutting costs and increase 
earnings. These incentive systems are based on time studies of each operation 
in cutting cane, and standards are set up for the various conditions found in 
a cane field and the rates for cutting are set on this basis. 

This type of incentive system has been accepted in many areas and has 
aided in reducing costs and increasing man-day performance. 

In most areas where this system is used, cane is cut and topped and then 
piled in windrows of four rows across the normal row direction. In some 
cases the cane is piled in small piles in order to facilitate loader operation. 

Cane Harvesters 

When we speak of a 'cane harvester', we refer to a machine that does the 
complete job of cutting and loading sugar cane. At the time of writing, there 
is no complete cane harvester in use commercially, but several are in the 
advanced experimental stage in Hawaii, Australia, Louisiana, Florida and 
Puerto Rico. In Hawaii and Puerto Rico, the mat-type harvester is being ex-
perimented with. It will harvest all types of cane and cane tonnage, and will 
work under irrigated or unirrigated conditions. No topping is done by these 
harvesters. All the mat-type harvesters cut one row at a time, cut the cane 
into pieces of 18—30 in. (ca. 0.5—0.75 m) and convey the cane to the infield 
transport unit. 

In Australia and Louisiana, modified versions of the Louisiana cane cutter 
are being experimented with as complete harvesters. This type of harvester 
works in light cane, 20—35 tons per acre (ca. 50—87.5 t cane ha"

1
 ). The cane 

is cut on top of the bank or at ground level in the case of level culture and is 
topped, then conveyed as a full stalk to the infield transport unit. This type 
of harvester is at present in commercial operation. 

It should be mentioned here that the successful Florida continuous-loader 
has been developed into a complete mat-type harvester and is also in com-
mercial use in that area this season. 
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Cane Loaders 

Various types of cane loader have been developed since World War II, 
and again, the development of this type of machinery was due to labor 
shortage and high labor costs. The original development of loaders as well as 
cane cutters took place in Hawaii and Louisiana. Since then, many models 
have been developed, but they all follow the original principles developed in 
these areas. 

The loader developed in Hawaii was simply a large cane grab attached to a 
three-quarter yard crane. Many types of grab were tried before a successful 
one was devised. Fundamental changes in crane construction also took place 
in order to obtain a stable infield unit. This type of cane loader is still used 
extensively and successfully in many cane growing areas, especially where 
the pushrake system of cutting or modifications of this system are used and 
there is high-tonnage cane. This loader is capable of loading cane at a rate of 
100 t h"

1
, and provides a very cheap method of loading. 

The Louisiana cane loader, which was developed specifically for this area, 
is a small hydraulically-operated grab, mounted on a wheel tractor. The 
original loader was mounted on a four wheeled cart, and was cable-operated. 
These small tractor-mounted loaders pick up 600 to 800 lb (270—360 kg) 
of cane with each lift and deposit the cane in the transport unit, and are 
capable of loading cane at a rate of 50—60 t cane h"

1
. They are adaptable to 

almost all conditions, as the loader can be adapted to both wheel and track-
laying tractors. Many machinery manufacturers build these loaders and they 
are widely and successfully used in many sugar-producing areas. 

It might be mentioned here that grabs were installed on Link-Belt speeders 
(small track-laying cranes) and used as cane loaders. This type of loader re-
quired very expert operators, but it was used in Florida successfully for 
several years. When Florida went into more extensive cane production, one 
of the principal producers developed what is now called the Florida Contin-
uous Loader. This is a very efficient machine, and will load more than 
100 t h"

1
. This loader picks up the cane from a windrow of four rows of 

cane placed crosswise to the rows, cuts it up into pieces of 20 to 30 in. (ca. 
0.5—0.75 m) in length, and conveys the cane to the infield transport unit. 
This loader is now being used in many areas where irrigation is not practised, 
as it is essential that flat culture be practised if this machine is to be used. 
Where flood irrigation is used, this loader can also work successfully and as 
indicated previously, this loader has been developed into a full harvester. 

Transportation 

The history of cane transportation is interesting. Originally, considerable 
cane was transported to small trapiches on the heads of men, then mules 
were used, and finally oxen- and tractor-drawn carts and trucks and trailers. 
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The portable track system, which is still in use in some cane-producing areas, 
was very common until recently. This entails laying portable track by hand 
in the field and using small cars, loaded by hand, on chains. These cars are 
subsequently hauled to a transfer station or directly to the mill. The hauling 
itself is done by a small diesel locomotive or a small track-laying tractor. This 
system is now used only where labor is cheap, as the cost is prohibitive in 
other areas, and as a method of infield transportation is being abandoned as 
labor costs increase. Very specialized infield units have been developed in 
some areas to meet special conditions. 

Infield Transportation 

There are various types of infield transportation used in the areas produ-
cing cane sugar, dependent upon prevailing conditions. In present day opera-
tions, perhaps the most universally-used form of infield transportation is the 
tractor cart (in various forms) and the small track-laying tractor for infield 
movement and a wheel tractor for hauling to a transfer station or the mill. 
Perhaps the best way to describe the transportation systems is to 
describe the various types as they are used, according to environment and 
area. 

General System Infield Transportation 
Various types of cane carts are in general use, two-wheeled and four-

wheeled depending upon the terrain and usually four carts are hauled in 
tandem, either four wheel or two wheel depending upon the conditions. In 
the field these carts are usually hauled by a small track-laying tractor. As 
these carts are hauled along beside the windrow of cane, they are filled by 
the loader and hauled to the edge of the field where a wheeled tractor, the 
type depending upon conditions in the field, is used to haul the cut cane to 
the transfer station, or directly to the mill. Carts used in this system vary in 
size from 5 to 10 t, depending upon local conditions. This is the system used 
in the majority of areas producing cane today. Other types of infield 
transportation are described below. 

Hawaiian System of Transportation 
Infield transportation in Hawaii is mostly in the form of truck and trailer. 

These units hauling from 30 to 40 t enter the field via infield roads and are 
loaded by cranes and the subsequent loads are hauled directly to the mill. 
Exceptionally large units such as the Turno-Haulers are also used in this 
operation. 

Florida System of Transportation 
This area has a specialized system of infield transportation because of the 

local environmental conditions. The Florida Cart is a two wheel cart usually 
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in a tandem of six carts. The first cart usually has a dolly, in order that the 
cart train can be adequately controlled. These carts are drawn by four-wheel 
drive tractors of adequate horsepower to do infield hauling as well as having 
the speed to haul on improved roads to the transfer station or directly to the 
mill. These carts are enclosed, as cut-up cane is the normal type of cane 
hauled. They are also of the side-dump type, in order to adapt to the type of 
transfer station which will be described later on. This system of transporta-
tion is very efficient, and is used in areas where the Florida Continuous 
Loader can be used. This type of infield transportation will also be used 
with the new cut-load harvesters. It is very versatile and is sure to be used 
extensively in the future. Size of carts and infield hauling units will depend 
upon actual area conditions. 

There are various modifications of the two systems just described, in that 
small trucks are loaded directly in the field by hand or by loaders. In the 
case of cane which is piled on chains, trucks have been developed that can 
load the pile of cane directly into the truck in the field and haul it directly 
to the transfer station or the mill. 

Outfield or Road Transportation 

Depending upon the local conditions of a given area, outfield or road 
transportation systems vary widely. In some cases, as in the Florida and 
Hawaiian systems, the same tractor used to haul the carts in the field is 
used on the roads to the transfer station or mill. In other systems, a tracked 
tractor hauls the carts in the field and a wheeled tractor is used to haul on 
the road to the mill or transfer station. Once the cane is at the transfer sta-
tion, it is loaded either into trailers or into a railroad car and hauled to the 
mill by truck or locomotive, respectively. 

The tendency in many areas is to use the truck and trailer for outfield 
hauling, as railroad maintenance costs are prohibitive; consequently, railroad 
hauling systems are being eliminated in many areas. Where portable track is 
used, the cane is usually hauled directly to the mill or the transfer station 
using a small locomotive. With the advent of cut-load harvesters, infield and 
outfield units will be the same when cane is hauled directly to the mill. How-
ever, if the cane is distant from the mill and a transfer station is needed, 
trucks and trailers or a railroad locomotive will be used for the final delivery 
to the mill. 

Transfer Stations 

The location of the mill in relation to the fields determines whether the 
cane is hauled directly to the mill or is transferred to other modes of 
transport. If the cane is distant from the mill, a transfer station must be 
used. There are various types of transfer station derricks used for loading. 
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The so-called 'Cuban Derrick' is still used in some cane areas, but only in 
those where labor is cheap, and where a railroad is the means of outfield 
transportation. It is becoming obsolete elsewhere because of high labor costs. 
In general, the most popular type of transfer station is the stiff-legged 
derrick, which is adaptable to either railroad or truck outfield transporta-
tion. The cane arrives to the station in chains from the field either in carts or 
trucks and is transferred to railroad cars or larger trucks using the derrick. 
These derricks are made to sustain loads from 2 to 10 t. This system is effi-
cient and economical under present conditions and is used in many cane 
producing areas. 

Florida Transfer Station 
Florida's industry has developed a very efficient transfer station, though 

this system is adapted only to cut-up cane. The cane is side-dumped from the 
carts onto a continuous belt which delivers the cane to the car or truck 
transporting the cane to the mill. Areas using the Florida loader or a cut-load 
harvester of the mat-type can and do use this system very advantageously. 
At present, this type of transfer station is being developed together with a 
dry-cleaning plant in order to supply cleaner mechanically-harvested cane to 
the mill. 

Chain-net System 
The chain-net system is also used in some areas. This involves putting in 

the cart or truck a chain attached to a manifold. The manifold is then lifted 
by a crane or winch and the cane transferred to the outfield transportation 
unit. 

Cane Weighing in Field and Factory 

Where incentive systems operate, the labor-force usually wish to know 
immediately what they have earned, so it is necessary that cane be weighed 
at the transfer station before being sent to the mill, unless the mill is close by 
and there can be a direct haul from the field to the mill. In many places, 
loading as well as cutting is on an incentive basis. These weights are not used 
for payment of cane, as in most instances payment is made on the weight at 
the mill. 

In the field, ordinary platform scales are used which will weigh up to 20 t. 
All carts etc., used for hauling to the transfer station or mill are weighed 
empty and their weights are printed on them. The carts are carefully cleaned 
after each weighing so that an accurate weight of the cane is obtained. These 
weights are used for control purposes only, as final production figures are 
based on mill weights. 

When the cane reaches the mill, either in carts, trucks and trailers or rail-
road cars, the cane is weighed again. In the case of railroad cars, the tare 
weight is stamped on the cars and deducted from the total weight of car and 
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cane. Again, large platform scales are used for weighing. Usually, there are 
two scales of this type if a railroad is used, one for railroad cars and the 
other for weighing trucks, trailers and carts. When railroad cars are used, 
usually 4—6 cars are hauled across the scale by a small locomotive or an 
electric or steam winch, and after weighing they are hauled to the mill for 
unloading. Trucks, trailers and carts usually have a separate scale for 
weighing and the transport unit is weighed when full and again when empty 
in order to get accurate cane weights. 

Most modern scales are completely automatic, and the only work neces-
sary is to punch the weight card and record the weight of the cane. Weighing 
is an important step in the operation, as all factory control is based on these 
weights. 

Unloading Cane at the Mill 

Cranes 

One system that is still used for unloading in many areas is the use of over-
head cranes, in which case the cane usually arrives in trucks, trailers and 
carts in chains. These 'packages' of cane are lifted out of the transport unit 
by the crane and the chains loosened, letting the cane fall on the cane table 
or directly onto the carrier. Mobile cranes are also used in the cane yard to 
store packages in chains for night grinding. Overhead cranes are also used to 
unload railroad cars. Chains are put around the cane in the cars at the mill 
and the cane is lifted out by the crane and dumped on the table or the cane 
carrier. This system is gradually going out of use due to the advent of chain 
nets, car dumps, tipplers and truck dumps. 

Chain-net System 

Trucks, carts or railroad cars are fitted with a chain net attached solidly 
to one side of the transport unit and to a manifold on the other side of the 
unit (see Fig. 2.1). This manifold is fitted to the side of the unit and can be 
raised by a special type of crane. The transport unit is drawn up beside a 
wall which is specially designed to support the unit when the chain manifold 
is raised. Once the transport unit is alongside the wall, hooks which are on 
the balance of the crane hook onto the manifold and raise the chain net 
until the load of cane falls over the wall onto a table or stock pile. This 
system is very efficient and is used extensively in Hawaii and many other 
areas. It is applicable to almost any type of transport unit handling cane in 
bulk. After the dumping takes place the cane is moved into storage or onto 
the table by crane-operated grabs (see Fig. 2.2). In some cases the cane is 
dumped,directly on the table. 

Side-dump System 

This system is used principally with railroad cars and when using carts, 
where the cane is cut up by the harvester or loaders. The railroad cars are 
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made with sides which can be lifted from the bottom up. When the car 
reaches the unloading area the side is unfastened at the bottom and the car is 
tipped at an angle and the cane rolls out into the cane carrier. Considerable 
trouble has been encountered with this system, as the cane does not roll out 
of the car freely, especially if the car is heavily loaded. Various devices have 

Fig. 2 .1 . Yard tractor pulling cane carts using chain-net system to unload sugar cane onto 
cane table. 

Fig. 2 .2. Unloading sugar cane onto cane table, using chain-net system. 
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been made to clean cars after dumping, some actually pushing the cane put 
of the car. 

This system is also used with trucks, trailers and carts in some areas. The 
cane is usually of the cut-up type and does not cause the unloading problems 
encountered with full-length cane as described in the case of the railroad 
cars. 

Tippler-dump System 

This system of dumping has been used for dumping coal cars for many 
years, but only recently has it been applied to sugar cane. It is used exclusive-
ly with railroad cars. The full car is moved onto the dump platform and the 
whole platform, car and all, is picked up by cable winches and tipped to 
about a 45° angle. At this point the cane rolls out on the table or into the 
carrier, as the case may be. The platform and car are then lowered and the 
process repeated. 

The tippler is relatively new in the sugar industry but has proven to be 
efficient and labor saving. It will operate with either long or short cane. 

Dump Trucks 

There are various types of dump trucks on the market. Since the elimina-
tion of railroad transportation in many cane areas dump trucks have become 
increasingly important. It is possible to build almost any size of dump truck, 
and they can handle virtually any size of truck or trailer. In most cases these 
dumpers are hydraulically operated and the cane slides out of the back end 
of the truck when the platform is lifted. A typical operation is as follows: the 
transport unit is backed onto the dump platform and then the platform is 
raised to a 45° angle and the cane slides out into the carrier. 

The trucks or trailers must be built with almost solid sides so that the cane 
will slide easily. This is a very efficient operation as only one man is neces-
sary for operation. Often the truck driver operates the dump himself. 

The Complete Florida System 

At present, this system seems to be the most practical for the future in 
many areas as it is readily adaptable to a completely mechanized harvesting 
operation. Here, the cane is burned before cutting, and is cut by hand. It is 
then loaded with a continuous loader into carts which are of 5—8 t capacity 
(see Fig. 2.3), hauled in the field by four-wheel drive tractors and subse-
quently to the continuous transfer station. There it is loaded into railroad 
cars or trucks and trailers and hauled to the factory where it is weighed and 
side-dumped onto the carrier or on the table, or into a stock pile. 

By increasing the size of the carts to about 10 t, these could be used very 
efficiently with the cane harvester. Infield and road hauling units would not 
have to be changed nor would any of the other equipment used for handling 
cane at the mill. This type of system is now being developed in Florida and 
Puerto Rico in conjunction with the experimental harvesters. 
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Fig. 2 .3 . Continuous loader loading cut cane into infield carts in Florida. The carts are 
drawn by a four-wheel drive tractor. 

The fact that some mills have variations in dumping devices at the mill 
should not affect the system. As long as the cane is handled in bulk almost 
any system will work insofar as dumping is concerned. 

For economic reasons, the hand cutting of cane and other operations such 
as the use of chains will be eliminated. The tendency of the cane industry 
worldwide will be to mechanize and handle cane in bulk. The system de-
scribed above is adaptable and efficient for this type of operation. 

This discussion should not overlook the importance of maintenance of 
equipment necessary to keep a completely mechanized operation working 
efficiently. Most mills are adequately staffed to keep mechanical operations 
performing efficiently and without unnecessary lost time at the mill. How-
ever, this is not the case in the field operations. With the advent of this new 
mechanical equipment in the field, personnel must be trained to operate and 
to maintain it, or operations will be expensive and inefficient. 

Appendix: Recent Developments in Sugar Cane Harvesting 

All of the systems described by Frank Beale are still valid and in use 
worldwide in the sugar cane industry. However, recent developments in 
mechanical harvesting have resulted in modifications to the infield, outfield 
and mill cane handling systems. 



27 

Cane Harvesters 

The whole-stalk machines, which cut the cane at the base and lay it in 
windrows to be loaded later, are still in use in some areas (see Fig. 2.4). The 
mat type harvester, which cuts the cane loose at the base and at any point at 
which the cane lies over into the adjacent row is also in use in some areas. 
These machines normally cut the cane into pieces of varying lengths to 
achieve better load density. Many of these machines clean the cane by 
moving air through it in order to extract leaf trash and soil. 

Fig. 2.4. Whole-stalk harvester (courtesy of J & L Engineering). 

The most common cane harvester at present is the 'butt-first' machine. 
These machines 'pattern' the cane, so that, after it is cut loose at the base, 
the cane is fed into the machine butt first. This results in a very consistent 
chop length facilitating the forced-air removal of the leaf trash. There are 
several thousands of the 'butt-first' machines operating worldwide, and 
refinement of this machine type seems to be the future of cane harvesting. 
Machines of this type are manufactured by Cary, Cameco, Claas, J & L 
Engineering, Massey Ferguson, Toft, Santal and others (see Fig. 2.5a and b). 
All of these machines vary in detail, but the basic operating principles are 
the same, i.e. the cane is topped, cut loose at the base, cut into segments, 
passed through a stream of air (usually more than once) and then loaded into 
transport units. 
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The prevalence of chopped cane has resulted in a need to review the cane 
handling systems. This cane must be ground as quickly as possible in order to 
avoid sugar losses. Deep storage piles must be avoided, since sugar losses will 
be accelerated, and washing should be avoided, as the water will wash sugar 
out of the many chopped ends of the cane pieces. 

Fig. 2.5. Examples of 'butt-first* harvesters: (a) Cameco harvester; and (b), Claas 
harvester, working in Florida. 
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Many areas have adopted the use of dessicants as a burning aid, and the 
harvesters are producing cane with an acceptable level of extraneous material. 
Where immature cane is harvested, there is considerable interest in chemical 
ripening. Since the inclusion of some cane tops in the harvester cane seems 
to be unavoidable, the adverse effects on sugar production caused by imma-
ture tops is reduced by such artificial ripening. 

Cane Transfer 

The transfer of chopped cane from one transport mode to another is 
solved in several different ways. Where removable bins are used, the bin itself 
can be removed from one unit and placed on another (Fig. 2.6). 

Sometimes, high-sided dump wagons are used to receive the cane from a 
harvester and transport it to a suitable site (see Fig. 2.7). At the site, the bin 
is lifted vertically and pivoted toward the secondary transport unit so as to 
cause the cane to fall into it. In some areas, elevating conveyors are used in 
conjunction with side-dump transport units (see Fig. 2.8). The cane from the 
primary transport units is side-dumped, falling into the elevating conveyor 
which then causes the cane to drop into a secondary transport unit. 

Fig. 2.6. Transfer of bins from infield to road units (courtesy of Cameco). 

Cane Transport 

The chopped cane produced by today's harvesters has necessitated modifi-
cation of many transport systems. Many attempts have been made to use the 
chain net system with chopped cane, but this is seldom practical. The cane 
always works through the net and is either lost or remains under the net, 
resulting in a need to clean it out manually. 
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Fig. 2.8. Side-dump wagons dumping into elevating conveyor for transfer to road trailer 
(courtesy of J & L Engineering). 

Chopped cane is normally transported in what are, essentially, open-
topped boxes or bins. These can be permanently fixed to a dump truck, 
dump trailer, side-dump rail car, truck, trailer or wagon. It would be legit-
imate to include in side-dump units, the high lift boxes which, while attached 

Fig. 2.7. Continuous loader loading side-dump wagons. 
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to a transport unit,are elevated to dump into another unit. Bins or boxes may 
also be made so that they can be removed and transferred from one mode of 
transport to another, or removed to act as cane storage units at any point in 
the process. 

In some cases, infield transport units are so designed that they can move 
to a suitable site, then one end is elevated and the cane pushed or conveyed 
out, dropping into another transport unit. These units are used primarily in 
poor flotation areas or where soil compaction is a problem. 

Mill Yard Cane Handling 

The advent of chopped cane has caused some revisions in the handling of 
the cane in the mill yard. Cane grabs can be modified to handle this cane, 
and are still used to handle full stalk cane. Sometimes, thê  mill yard chain 
net unloaders can be used to side dump transport units for chopped cane. 
Indeed some mills have used the same units to unload whole cane with the 
chain nets and chopped cane in side dump transport (see Fig. 2.9). 

The rubber-tired front-end loader has been fitted with what is essentially 
a horizontal grab and used to stack cane in the yard and feed the mill. If 
chopped cane only is to be handled by these units, a wide bucket seems to be 
preferred instead of a grab. 

Fig. 2.9. Stack-handling sugar cane in mill storage. Note the chain-net unloader (right 
background) and truck dumper (left background). (Courtesy of Cameco.) 
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In the case of removable bins, heavy duty fork-lift trucks are often used to 
remove loaded bins from transport units, store them, reclaim them from 
storage, place them in the mill feed system and return the empty units to the 
road transport units (Fig. 2.10). 

Fig. 2.10. Chopped-cane bins being handled in a mill yard in Texas (courtesy of Cameco). 
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Chapter 3 

WASHING SUGAR CANE, DISPOSAL OF WASH-WATER AND CLEANING 
THE JUICES 

In some cane-growing regions, field labor has become scarce, and wages 
for field work are very high. For this reason, many sugar companies are com-
pelled to seek mechanical means of harvesting and loading sugar cane. In 
several countries, cutting and loading of cane has been completely mecha-
nized, and in other regions the cane, though still cut by hand, is loaded 
mechanically for transportation to the sugar factory .Whether the sugar cane 
is both cut and loaded or only loaded mechanically, field mud, sand, trash, 
and sometimes stones are brought with the cane into the factory. Also, when 
sugar cane is burned before or after cutting to eliminate a certain amount of 
trash, the wax covering the stalk of cane melts partially, and the surface of 
the burned sugar cane becomes sticky. This stickiness causes soil, and soot 
resulting from burning, to adhere to the stalks, introducing additional fine 
dirt and light-weight particles of carbonized trash into the sugar factory. 
All of this creates problems in grinding cane and clarification of juices, as 
well as further processing in the factory. 

Since the soil brought into the factory with the sugar cane varies in type, 
the resultant problems of clarification also differ. Where the soil is of low 
specific gravity, the settling period is long, and juices are subjected to an 
extended period of heating at pH values of 8.0—8.5, which may lead to 
destruction of reducing sugars, inversion of sucrose, darkening of juices and 
other undesirable effects. If the soil is sandy, it does not affect the period of 
settling in the clarifiers, but sand may plug the diaphragm pumps, the 
piping and heaters, and abrade centrifugal pumps and metal control valves. 
In order to prevent plugging of perforated screens of vacuum filters, it is 
necessary to open the bottom discharge of the clarifier from time*to time 
and ditch the mud mixed with sand, resulting in the loss of a certain amount 
of juice also. The excessive sand in the settled mud makes it impossible for 
the vacuum filter to pick up and retain a cake on the drum. Therefore, it 
becomes necessary to dump such mud from the vacuum-filter mud pan and 
wash it down. This procedure, of course, also involves losses of juice, and 
consequently of sugar. 
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Washing Sugar Cane 

As a result of difficulties in grinding and in processing juices from 
mechanically-harvested cane, it has become imperative in many localities 
to wash the sugar cane before allowing it to enter the tandem. Washing of 
sugar cane has been practiced for many years in Louisiana and Hawaii, and it 
has been introduced quite recently in some other countries. 

There are many variations in washing systems, because of differences in 
methods of harvesting and delivering sugar cane to the various factories and 
loading it onto the tables or cane carriers. A very elaborate system of washing 
sugar cane is used in Hawaii (Link Belt), where sugar cane is harvested 
using pushrakes, and losses of sugar in wash-water reach as much as 10—15%. 
Because of the nature of the soil and the presence of many stones, the sugar 
cane cannot be washed on wash tables. The sugar cane delivered from the 
fields is dumped into a water-bath, where stones are allowed to separate by 
sinking, and the wash-water is screened through 0.25 in (6.35 mm) mesh and 
may also pass through liquid cyclones or DSM screens. Dorr Clones are pre-
ferred for free-draining volcanic soils. However, cyclones are not suitable 
for clay soils, but these can be coagulated with electrolytes and allowed to 
settle in large, conventional clarifiers that have central feedwells and 
peripheral 'V-notch' overflow weirs; the settling time is a minimum of 1.5 h. 
A 24-h supply of a solution of flocculant (0.5%) can be prepared, and 
supplied to the juice using a metering pump. The sludge mixed with scums is 
filtered on a continuous rotary filter. During this process, bacteria and pH 
control is necessary (Hunwick, 1977). 

Tables for Washing Sugar Cane 

Cabrer et al. (1965) suggest the use of a washing station for sugar cane, 
based on an installation actually in operation in Puerto Rico. To ensure 
thorough removal of field dirt, the cane after being discharged on the 
loading table in bundles should be thinned to a 12 in (305 mm) mat on the 
washing table (see Fig. 3.1). For thinning out the sugar cane mat, the velocity 
of drag chains on the loading table should be two-thirds that of the drag 
chains on the washing table. The minimum volume of water required for 
adequate washing of sugar cane is 0.75—1.0 gal (2.8—3.75 1) per minute per 
ton of sugar cane ground per day. 

The top of the washing table is constructed of perforated 0.5 in (12.7 mm) 
steel plate with 0.5 X 1 in (12.7 X 25.4 mm) oblong slots, and 0.75 in 
(19 mm) centers. The surfaces of the loading and washing tables are parallel 
to each other, and are inclined at ca. 13—14.5° to the horizontal, to ensure 
backward drainage of the wash-water. In order to prevent cane from falling 
between the loading and washing tables, it is recommended that the overlap 
should be no less than 2.5 ft (762 mm) and the vertical separation between 
the working surfaces of the tables should be a maximum of 3.0 ft (915 mm). 
A 'kicker' on the loading table is not required, because of the thinning-out 
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effect of the different drag-chain speeds. The shafts of the two kickers on 
the washing table should be 10 ft (3.05 m) apart. These kickers consist of 1 
12 in (305 mm) heavy-duty steel pipe with two pieces of shaft connected to 
it and centered. Arms must be welded onto this shaft at 12 in (305 mm) 
intervals, in such a way that two of them will be directly opposite eachother 
in the same plane and each subsequent pair 90° apart from each other. The 
arms are made of curved 2 in (51 mm) heavy-duty steel pipe with a welded 
strengthening plate. The arm pipes are curved away from the forward motion 
of the sugar cane. The average speed of rotation of the kickers is ca. 30—40 
r.p.m. 

Water from condensers is used to wash the cane, one-third immediately 
after the first kicker, and the balance at the second kicker (see Fig. 3.2). 
The water is distributed through two 6 in (152 mm) pipes; the spray nozzles 
in the first pipe at 12 in (305 mm) centers, and in the second pipe 6 in 
(152 mm) apart, and the pressure of water is maintained at 60—100 psig 
(4.2-7.0 kg cm'2). 

Fig. 3 .2. Washing sugar cane on cane conveyor at Fellsmere, Florida. 

Wash Table in Lula Factory 
The operators of the Lula factory, in Louisiana, have designed a feeder 

and wash tables for cane washing (Daigle, 1974; Fig. 3.3a and b). The two 
main objectives in the designing of a feeder table to obtain the best washing 
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( a ) Section A ( s i d e e l e v a t i o n ) ( C r o s s - s e c t i o n ) 

(b) Sect ion Β (side elevation ) 

Fig. 3 .3 . Schematic diagrams of (a) feeder table and (b) wash table, as used in the Lula 
Factory, Louisiana (courtesy of Lula Factory Inc.). 

possible were to obtain a constant, thin mat of cane and to utilize the wash-
water in the best way possible; these were obtained by designing a table that 
consists of two sections, section A and section B. The feeder table is about 
35 ft (10.7 m) long and is set at an angle of 18° (section A). The feeder 
table has a solid bottom, and four sets of feeder chains, with 14 in (355 mm) 
spacing between them. The chains travel at either 10.5 or 21 ft min"

1
 (3.2 

or 6.4 m min"
1
 ). The feeder table overlaps the wash table, and both may be 

operated independently, or together. 
The wash table is 26 ft (7.9 m) long and set at an angle of 45°. The chains 

travel at a rate of 94 ft min"
1
 (28.65 m min"

1
 ) and are driven by a 40-horse-

power motor. The wash table also has a solid bottom and four sets of chains 
with 4 in (100 mm) spacing (section B). The cane mat is thinned to 12—18 in 
(305—457 mm) and 3000—7000 gal min

 _1
 (11.35—26.5 m min"

1
) of condenser 

water is used for washing the sugar cane., The amount of mud coming into 
the factory was reduced by washing from 133 lb per ton of cane to 102 lb 
(ca. 60.4—46.3 kg t cane"

1
 ). 

Washing on the Cane Carrier 

A different arrangement for sugar cane washing can be made when sugar 
cane is unloaded directly onto the cane carrier, and is washed on it. Because 
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of the continuous flow of a large amount of water (ca. 3000 gal min-1 ) on the 
conveyor at the point of washing, the conveyor quickly becomes corroded, 
and a large part of it, or the entire conveyor, may have to be replaced each 
year. For this reason, the conveyor on which washing is accomplished 
should be short and easily replaceable. 

There are several ways of arranging the washing system over the cane 
carrier, the following being one example. The unwashed sugar cane is carried 
on the main sugar cane conveyor to the point where it drops about 6 ft 
onto the small one. In the fall most of the cane is disengaged and is com-
paratively easy to wash (see Fig. 3.4). A water trough from which water 
flows in a curtain is installed across the conveyor above the drop point. Fol-
lowing it, for efficient washing of sugar cane, a kicker must be installed and 
the sugar cane must be turned over. From another trough, a second curtain 
of water washes the cane again, ensuring that the sugar cane is thoroughly 
washed on all sides on the cane carrier. The troughs can be replaced with 
efficient sprays which operate under pressure. All the washing must be 
completed before the sugar cane reaches the revolving cane-knives. Sugar cane 
can also be washed using a combination of the cane table and cane-carrier 
techniques described above. 

The wash-water can be collected in a concrete pit, from where it is 
removed by a vertical-lift, non-clogging pump. Together with trash and dirt, 

Fig. 3 .4. Washing sugar cane on the cane carrier at Fellsmere, Florida. 
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it is pumped to a canal which flows into a settling lagoon. It is preferable to 
eliminate trash, pieces of cane stalk and other suspended dirt from waste 
wash-water by screening and removing it on a recovery conveyor prior to 
impounding this water in the lagoon. This screening increases the efficiency 
of the cane wash-water impounding area, because leaching out of sugar and 
other impurities in the lagoon would increase the biological oxygen demand 
(BOD) load. 

Losses of Sugar in Wash-Water 

Very little has been published on the amount of sugar lost in sugar cane 
wash-water. Cabrer et al. (1965) state that the losses of sugar in wash-water 
can reach up to 0.16% of the total weight of sugar cane washed. This loss 
may decrease the sugar yield by 0.13%. In beet sugar factories, the sugar lost 
by diffusion in flume-water (the water used to transport beets from silos to 
the factory in hydraulic conveyors) represents from 0.04 to 0.1% of total 
sugar beet (McGinnis, 1951). According to de Grobert et al. (1913), the 
losses do not normally exceed 0.05% of the total weight of sugar beets. How-
ever, with badly wounded or frozen beets, the losses of sugar may reach 
from 0.1 to 0.6% in flume-water. The amount of water used for fluming is 
about 6—8 lb per lb of beets, which is comparable to the weight of water 
used for the sugar cane washing; the temperature of condenser water used for 
fluming is 104—113°F (40—45°C), or about the same as is used in a cane-
washing station. However, beets remain a longer time in contact with flume-
water than sugar cane with wash-water, when it is washed on a table or cane 
conveyor. 

Test for Sugar 

Losses of sugar in wash-water can be determined by testing an ac-
cumulated sample of the wash-water using the method common in the beet 
sugar industry for testing flume water. A sample (ca. 11) of wash-water 
should be taken hourly and strained, being preserved with small amounts of 
formaldehyde or chlorine. After sampling for 24 h, when the sample has 
been thoroughly mixed, a small volume (ca. 3 1) is preserved for the test, 
and the remainder discarded. The portion remaining is evaporated in a 
vacuum to about 250 ml volume. To 100 ml of the evaporated and cooled 
sample 10 ml of lead acetate solution can be added if necessary, and the 
sample filtered. The filtrate is polarized in a 400 mm tube. The percentage 
sugar loss can then be calculated 

% Sugar = (0.26 X 1.1 X Pol. reading X W2)/(2 X Wx) 

where Wx = the volume of water taken for evaporation, and W2 = the volume 
of water after evaporation. 
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Example. If the sample of wash-water was 3.5 1 and it was evaporated to 
250 ml, and gave a polarization reading of 2.1° in a 400 mm tube, and 3000 
gal of wash-water were used per minute, with an average grinding rate of 
3000 ton of sugar cane per 24 h, the loss of sugar in water on the weight of 
sugar cane is 

(3000 X 8.337 X 1440) (0.26 X 1.1 X 2.1 X 250) _ 
χ . — 0.128% 

(3000 X 2000) (2X 3500) 

Small amounts of sugar can also be determined colorimetrically with 
accurately prepared standards. 

Wash-Water Dilution of Sugar Cane Juice 

Some wash-water clings to the cane and enters the tandem, diluting cane 
juice and decreasing the Brix of crusher and 'normal juices'. Because of this 
dilution of cane juice, additional evaporating capacity may be required. The 
dilution percentage of sugar cane can be calculated as follows 

Brix of crusher juice (washed cane) X d.m.f. (dry milling factor) 
= Brix of normal juice (washed cane) (1) 

Weight of cane ground X % dilute extraction X Brix of mixed juice 
= Weight of solids in mixed juice (2) 

Weight of mixed juice solids 

Brix of normal juice (washed cane) 

= Weight of normal juice (washed cane) (3) 

Brix crusher juice (unwashed cane) 
= Factor (4) 

Brix of crusher juice (washed cane) 
Brix crusher juice (washed cane) X Factor X d.m.f. 

= Brix of normal juice (unwashed cane) (5) 
Weight of mixed juice solids 

Brix of normal juice (unwashed cane) 

= Weight of normal juice (unwashed cane) (6) 

Weight of normal juice (washed cane) - Weight of normal juice (unwashed) j 
Weight of sugar cane 

X 100 = Wash-water % sugar cane (dilution) (7) 

Example. Assuming that: Brix of crusher juice (unwashed cane) = 19.5°; Brix 
of crusher juice (washed cane) = 16.8°; Brix of mixed juice = 13.4°; d.m.f. 
(dry milling factor) = 0.97; dilute extraction percentage of sugar cane = 90%; 
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sugar cane = 90%; and, the quantity of sugar cane ground per 24 hours = 
5500 tons. 

16.8 X 0.97 = 16.296°Brix normal juice (washed cane) (1) 

5500 X 90 X 13.4 = 663.3 ton solids in mixed juice (2) 

663.3/16.296 = 4070.32 ton of normal juice (washed cane) (3) 

19.5/16.8 = 1.16 (Factor) (4) 

16.8 X 1.16 X 0.97 = 18.9°Brix of normal juice (unwashed) (5) 

663.3/18.9 = 3509.52 ton normal juice (unwashed cane) (6) 

Wash-water % sugar cane = [(4070.32 - 3509.52)]/(5500) X 100 = 10.2% (7) 

The estimation of cane wash-water clinging to the washed sugar cane must 
be calculated as accurately as possible in order to determine weight of 
bagasse and fibre. This is particularly true when cane weights are determined 
as well as weights of mixed juice and maceration water. It must be assumed 
that all residual wash-water clinging to the sugar cane enters the factory in 
the mixed juice, with bagasse moisture remaining the same. Then the general 
material balance formula is: 

Sugar cane + maceration water + residual wash-water = mixed juice + bagasse 

The daily determination of dry milling factor and wash water dilution 
factors can be both laborious and time-consuming. Instead, periodic tests 
can be made, using cumulative average factors as the grinding season progres-
ses. The results are, at best, only an estimate, as factors may change from 
day to day, depending upon air temperatures, relative humidity, wind 
velocities, size of sugar cane barrel, percent of trash, etc. 

In some parts of the world the term 'normal juice' has been replaced with 
the expression 'absolute juice', which is defined by I.S.S.C.T. (1955) as: 

all the dissolved solids in the cane plus the total water of sugar cane; cane 
minus fibre." 

If fairly accurate determination is made periodically of the weight of 
sugar cane ground, of maceration water used, of the dilute juice obtained, 
and the moisture of the resulting bagasse, then a water balance can be made. 
This determination will have to be made while washing sugar cane and when 
milling without washing. The difference in total water accounted for will 
then represent the amount of sugar cane wash-water clinging to the cane. 

The water used for washing sugar cane is generally provided from con-
densers. This water already has a high BOD when it comes from the con-
denser, and after it has been used for washing sugar cane, it carries a large 
amount of organic and inorganic suspended matter, dissolved sugar etc., 
which increase its BOD. 
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Waste-water Disposal 

Lagooning 

Where strict water pollution laws exist, the water coming directly from 
the sugar cane washing station cannot be disposed of into streams or 
irrigation ditches. In most sugar factories where sugar cane is washed, the sys-
tem of lagooning waste-water prior to disposal is used. The size of the sett-
ling pond will vary, depending on the grinding rate and volume of wash-
water used. If the overflow from the settling pond can be disposed of into 
irrigation ditches, a pond with an area 200 ft X 200 ft and 8 ft deep 
(3680 m2 X 2.4 m deep) is sufficient. If wash-water has to be lagooned until 
BOD has decreased sufficiently to allow the water to be released directly 
into a stream without danger of pollution, the settling pond or lagoon may 
occupy several hundreds of acres, and should be shallow enough to allow a 
certain amount of water to be lost by evaporation to the atmosphere and 
percolation into the soil; the large surface area of water also facilitates the 
absorption of oxygen from the air. To accelerate the rate of oxygen absorp-
tion after being settled, the wash-water can be pumped and cascaded in a 
very thin layer over corrugated plates, or the cane wash-water can be aerated 

Fig. 3.5. Three 'Vortair' aerators mounted on rafts for aeration of lagooned water 
(courtesy of Infilco—General American Transportation Corp., Tuscon, AZ, U.S.A.). 
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in the lagoon by means of turbine-type air dispersers and very high oxidation 
rates can be maintained. Infilco Inc. has designed a turbine which pumps up 
water from the bottom of the lagoon and discharges it radially at the surface, 
creating peripheral hydraulic jump, which entrains large quantities of air. 
The "Vortair" entrainment aerator consists of a circular flat plate with 
vertical blades extending radially from the periphery of the plate toward the 
center (see Fig. 3.5). When the aerator is rotated, the top of the plate is 
cleared of water, and air is entrained by the blades of the turbine. Any 
decrease in submergence significantly reduces the horsepower required. The 
oxygen absorption efficiency of an aerator can reach above 25%. 

When the settling ponds have been emptied, they can be examined to see 
whether debris removal is required, although this might not be necessary 
until several years have passed. This, of course, depends on the original size 
of the impounding area and the amount of suspended matter to be removed. 
Poor lands may eventually be reclaimed as good sugar cane growing areas 
because of the addition and breakdown of the settled solids recovered from 
the cane wash-water. This procedure necessitates the preparation of new 
impounding sites after several years have elapsed. 

Clarifiers 

To avoid the necessity of devoting a large acreage to lagooning, an Eimco-
Process clarifier can be installed. The clarifier is 120—130 ft in diameter 
with a 12 ft water depth at the side, permitting the removal of up to 120 ton 
solids per day. The hydro-separator has a raking mechanism at the centre of a 
deep, circular tank where the coarse particles are raked for discharge, the 
fines overflowing via a peripheral weir. For aeration and reduction of BOD, 
oxygen is introduced in large quantities by surface-type aerators. The clarifi-
cation and treatment requires only two hours, within which time BOD can 
be reduced by 40—60%, with 99% elimination of settleable solids (Anon., 
1964). The discharged sludge from the clarifier can be pumped to a storage 
pond, and after the crop has ended it can be disposed of in various ways in 
the cane fields. Dorr clarifiers, similar to those which serve for clarification 
of flume-waters in beet-sugar factories, can be used as is done in Hawaii. 

In localities where subterranean geological conditions permit, wash-water 
or condenser-water can be disposed of underground below the water table 
through a dry well or wells. The wash-water must first be screened through 
a perforated plate to remove large pieces of extraneous matter, then screened 
again on a vibrating or oscillating screen. Additional cleaning of wash-water 
can be made in DorrClones or large size hydro-cyclones. In some beet sugar 
factories where flume-water for transportation of beets accumulates an ex-
cessive amount of sand or clay, it is passed through hydro-cyclones. The 
hydro-cyclones used for treating flume-water can be up to 20 in (508 mm) in 
diameter, with inlet pressures of 2 atm (29.4 psi) (Silin, 1962). The screened 
extraneous matter can be trucked away daily to the fields. 
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On the whole, the washing of sugarcane, disposal of wash-water and re-
moving of suspended extraneous matter (either by settling or by screening) 
is expensive. Conversely, if mechanically loaded sugar cane is not washed 
when delivered to the sugar factory, considerable damage and wear is caused 
to the tandem, pumps, and other equipment in the factory, resulting inex-
pensive repairs or replacements. The extraneous matter brought from the 
fields causes increased losses of sugar in bagasse, filter mud and final 
molasses, thus decreasing the yield. Also, losses of sugar in clarifiers due to 
prolonged heating and settling time must be added. Losses in sugar cane 
wash-water have to be compared to all the losses described above. 

Dry Cleaning of Chopped Cane 

Lately, because of mechanical harvesting and the chopping of sugar cane 
into small pieces, some sugar factories have been forced to abandon washing, 
because too many ends of canes come in contact with water, and a large 
quantity of sugar is dissolved. Sugar cane cut in this way must be dry cleaned. 

Juice Cleaning 

DorrClones 

Mixed juice from unwashed cane, and in some localities even from 
washed cane, carries a large amount of sand which should preferably be re-
moved before the mixed juice is weighed and limed. Extraneous suspended 
matter can be removed by means of DorrClones and DSM screens and 
Acosta's sand separator, individually or in combination. 

The DorrClone System is designed for efficient separation with maximum 
sand removal and minimum sugar losses. This system includes first and 
second stages of DorrClones, sand pumps, grit collectors with automatic 
discharge controls, wash tank, mixer, manifold piping and structural 
supports (see Figs. 3.6—3.8). 

The DorrClone is a compact, cylindro-conical clarification unit, utilizing 
centrifugal force in place of gravity. It is built on the dry cyclone or hydro-
cyclone principle, whereby suspended solids are separated by centrifugal 
force and are eliminated from the DorrClone with the underflow. The juice 
free from coarse particles overflows into the desanded juice tank. The 
underflow is desugared with water and is passed through another DorrClone. 
The overflow from the second stage DorrClone is accumulated as sweet-
water and can be used for maceration, washing the cake on vacuum filter, for 
dilution of run-offs from centrifugals, or wherever else sweet-water can be 
utilized. The underflow from the second stage DorrClone can be discharged. 
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Fig. 3.6. DorrClones — assembly photographed in machine-shop (courtesy of Dorr-Oliver 
Co., Stamford, CT, U.S.A.). 

A 12 in (305 mm) DorrClone, operated at approximately 15 psi (ca. 
1 atm) inlet pressure producing 39 Mm separation can process juice at a rate 
of about 165 gal min"1 (ca. 6251 min"1). An increased flow rate of juice 
through the DorrClone at the same pressure will make the separation corre-
spondingly coarser. 

Sand Separator 

The sand separator invented by Acosta (1956) is a machine in which the 
sand is settled and removed continuously by a screw conveyor (see Fig. 3.9). 
The mixed juice is pumped into the separator through an expansion tank at 
the inlet of the separator and above it. The purpose of this small tank is 
to break the velocity and pressure of the mixed juice before it enters the 
deep end of the sand separator. From the expansion tank, the juice flows 
slowly under gravity into the separator through several outlets in the form of 
a manifold. The sand-free and scum-free juice overflows from both sides of 
the machine into a receiving tank. The overflow outlets, located at the end 
opposite the inlet, are boxed in by a weir at a predetermined operating level 
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Fig. 3.8. DorrClone desanding system installed at Central Cambalache, Puerto Rico 
(courtesy of Dorr-Oliver Co., Stamford, CT, U.S.A.) . 

to reduce the rate of flow, allowing most of the sand and heavy particles to 
settle out, and the scum to flow on the surface of the juice. The scum and 
light particles, for example bagacillo, are scraped from the surface by a slow-
moving slat conveyor, and flow through a pipe to the mill, where they 
are discharged on top of the bagasse mat. 

The separator itself consists of a slow-moving screw conveyor in a trough 
which makes the bottom of the tank and is mounted at an angle of 25°. The 
upper end of the screw conveyor and trough protrudes a certain distance 
beyond the surface of the juice in the separator. The settlings being moved 
out by the revolving screw will drain back as much juice as possible after 
emerging through the surface of the juice before being discarded. Both the 



slat and the screw conveyors are driven by the same motor. The machine has 
a drain outlet at the bottom of the sand separator for liquidation. 

This separator can be operated very satisfactorily on a factory scale for a 
period of several years, and can also be used in conjunction with DorrClones 
for purification of wash-water from the sugar cane washing station before 
lagooning or disposing of the cleaned water underground. 

DSM Screens 

In recent years, a new type of stationary screen for screening mixed juice 
has been developed. The DSM screen consists of a stationary screen housing 
equipped with a concave wedge bar-type primary screen (see Fig. 3.10). The 
surface of this screen forms an arc of 45° or 60° and is 63 in (1.6 m) long, 
and from 3 to 6 ft wide (0.9—1.8 m). The mixed juice is fed from the feed 
box tangentially onto the upper surface of the screen. The juice flows down 
the concave surface at right angles to the openings between the wedge bars. 
The liquid passes through the apertures into the screen box and is evacuated 
through a juice pipe to the liming tank. The bagacillo and other dry matter 
flows down the screen surface to the cush-cush slat conveyor (see Fig. 3.11). 
The size of particles to be screened is controlled by the openings between 
the wedge bars, which are spaced at intervals of 1 mm. 

A drawback of this screen is that it blinds with slime quite frequently and 
requires brushing and steaming. This can be helped by installing a steam line 
of about 0.5 in (12.5 mm) directly to the DSM screen facilitating frequent 
steaming. The DSM screen can be advantageously used for screening fine 

Fig. 3.9. Elevation and cross-section of Acosta sand separator (after S. Novo). 
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Fig. 3 .11 . DSM screen installed above mill tandem (courtesy of Dorr-Oliver Co., 
Stamford, CT, U.S.A.) . . 

Fig. 3 .10. Primary DSM screen at Ste. Madeleine, Trinidad (courtesy of Dorr-Oliver Co., 
Stamford, CT, U.S.A.). 
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bagacillo from clarified juice, or in the sugar cane diffusion process, in which 
juices must be screened. 
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Chapter 4 

EXTRACTION OF JUICE FROM SUGAR CANE 

History 

For many centuries, juice has been extracted from sugar cane by crushing 
and squeezing the cane stalks. The earliest mills extracted the cane juice with 
two vertical wooden or stone rollers turned by human or animal force. In 
1656, Father Labat (de Grobert et al., 1913) described a mill he had seen 
during his trip to the West Indies, three vertical rollers in a straight line on a 
platform (see Figs. 4.1 and 4.2). The center roller was rotated by wind- or 

Fig. 4 . 1 . Two-century old cane mill in a monastery at Tucuman, Argentina. The mill has 
three vertical rollers in a straight line. 

water-power, turning the other two rollers, which were made of hardwood 
covered with cast iron or iron some 2 in thick. Later, he saw another mill sim-
ilarly arranged, but the rollers were placed horizontally, with one roller above 
the other, with the central one turning the other two as in the vertical mill. 
Gonzales de Veloza arranged rollers in a triangular configuration, with two 
rollers below and one above, a modification which allowed the crushing of 
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Fig. 4 .2 . Primitive present-day mill operating in the interior of South America. In 1965 , 
this mill was grinding 2.5 tons of cane sugar per day (t.c.d.). An expansion program for 
1966 was to increase the capacity to 3 t.c.d. by increasing the power by 1 h.p. 

sugar cane on all surfaces of the mill, something not possible on a vertical 
mill. The grinding became more complete, and extraction of juice increased 
considerably. 

In 1839, Peligot determined that sugar cane contains 90% juice and 10% 
fibrous material, and with the new mills with three horizontal rollers, which 
were in use at that time, 50—65% juice could be extracted (de Grobert et 
al., 1913). This represented an increase of 10—15% efficiency in favor of the 
new type of mills. This system of extraction led to the design of the modern 
'tandem'. 

Modern Tandems 

The important part of the three-roller horizontal mill laid in a triangle is 
the turn-plate or trash-bar plate which allows smooth passage of the bagasse 
from the cane roller to the bagasse roller. The rollers are supported by a mill 
housing made of cast iron or cast steel, and they revolve in water-cooled 
bearings made of brass or bronze. 

The prime objective in sugar cane milling is to extract the greatest possible 
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amount of sucrose from the sugar cane, and to make the final bagasse as dry 
as possible so that it will bum readily in the boilers. 

Mill Tandem 

The modern tandem itself is generally a train of four, five or six mills 
preceded by various combinations of cane preparation devices (Figs. 4.3 and 
4.4). Some possible combinations are: one set of cane knives and a two-roller 
crusher; two sets of cane knives; one set of knives and a shredder; or, two 
sets of cane knives and a shredder. 

Fig. 4.3. Farrel tandem with turbine drives (courtesy of Farrel Corp., Ansonia, CT, 
U.S.A.). 

Crushers 

Crushers are two-roller mills, once widely used to prepare the cane for 
further crushing on three-roller mills. Occasionally, a double crusher was also 
installed for very hard cane with high fiber content. For a better grip, the 
rollers of a crusher have deep grooving, a once popular type of which was 
'Krajewskii' or 'zig-zag' grooving. Crushers were once the only means by 
which to disintegrate the cane, but since the introduction of fast-revolving 
knives and shredders, the importance of crushers has diminished. Cane knives 
and shredders are used in various combinations with crushers, and in many 
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Fig. 4 .4 . Discharge end of tandem assembly consisting of four self-setting mills (courtesy 
of Fives—Cail—Babcock, Paris, France). 

modern tandems the crusher installation has been eliminated entirely. How-
ever, the term has been retained, as very often the first three-roller mill with 
deep 3-in grooving is called a 'three-roller crusher'. 

In some cases, because of very good preparation of cane an excess of juice 
may be extracted in the first mill, overflooding rollers and roller bearings. 
Such excessive flooding can be alleviated by installation of a two-roller 
crusher with 3—4 in (76.2—102 mm) grooving and having a range of angle 
of grooves of 45—50° (Silva, 1965). But this does not always solve the 
problem. In other cases a large-diameter three-roller crusher with deep 
grooving for better grip of prepared cane and good drainage of juice is 
satisfactory. 

Cane Knives 

The sugar cane delivered to the factory is loaded by different systems 
upon cane tables from which it is dropped onto the cane carrier, or the cane 
can be loaded directly on the cane carrier, or both. 

Along this cane carrier the cane is leveled by 'kickers', or by leveling 
knives. On the way to the tandem, the cane is generally cut and disintegrated 
by two sets of cane knives in preparation for grinding. The first set of knives 
is set with the tips of the knives several inches above the conveyor slats, but 
the second set has a clearance of only 0.5—1 in (12.7—25.4 mm) above the 
slats. The sets should be installed not less than 15 ft apart, because if they 
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are too close to each other, the overthrowing of cane stalks may cause 
'chokes' in the knives. Where the sugar cane is to be washed, all washing must 
be done before the cane reaches the first set of knives. If the cane is soft and 
properly shredded by knives, no other preparation is needed, and it can be 
fed into the first mill or crusher. 

If the tandem is old and weak, or its capacity must be increased, or if the 
sugar cane is hard and has a high fiber content, it is advisable to install a 
shredder before the first mill. 

If a tandem has only one set of knives it cannot cut very close to the slats 
of the cane carrier because excessive power would be required. Therefore, in 
such a case the knives must be adjusted so that their tips are 6—14 in (152— 
356 mm) from the slats. In this case, many stalks of uncut or partially-cut 
cane will pass through the cane knives. Although chokes very seldom occur 
inside the shredder itself, because it is capable of shredding quite large pieces 
of cane stalk, the accumulation of large pieces of uncut sugar cane will tend 
to tangle at the entrance to the shredder. Therefore, to prevent or eliminate 
chokes it is advisable for the shredder to be preceded by two sets of cane 
knives. 

Power Required by Cane Knives 
The revolving cane knives are driven by electric motors or steam turbines. 

The power required by each set of knives depends on the number of blades, 
their type, the distance between them and distance of knife tips from the 
slats. It may vary from 1.5—2.5 h.p. per ton of cane ground per hour. 

Fig. 4.5. Farrel K-4 cane-knife unit (courtesy of Farrel Corp., Ansonia, CT, U.S.A.). 



56 

Farrel Knives 

Farrel Knife sets are efficient for cane preparation, as they are capable of 
shredding hard or soft cane and can be used to increase sucrose extraction 
and capacity of a tandem. Farrel Knives have serrated edges that hook into 
the cane and tear it apart, producing a more uniform, voidless, fluffy blanket 
of cane. Because of this action more cells are opened, thus allowing more 
effective maceration and lixiviation. 

The Farrel K-4 knife set, with a spacing of 0.75 in (19 mm) between 
blades, can be used for the second set of knives (Fig. 4.5), while 2 in (51 mm) 
spacing is recommended ordinarily for the first set. The revolving Farrel 
knives can be driven by an electric motor or steam turbine, the power 
required being 1.9 h.p. and 1.6 h.p. per ton of cane, respectively. These 
knives revolve at approximately 600 r.p.m. Closer setting of knives will in-
tensify the splitting and shredding action, but greater power will be required. 

Shredders 

Fine shredding of sugar cane is essential for good extraction. Efficient 
knife preparation ruptures a considerable number of cells, but not sufficient 
for maximum extraction of sucrose, and therefore the knives must be fol-
lowed by a shredder. With a well designed shredder, it is possible to rupture 
up to 85% of cells. There are several types of shredders which are used for 
preparation and shredding of cane before the crushing process. 

Shredders are indispensable for attaining a high crushing efficiency with 
high rate feeding and they also increase throughput. Though shredders in-
crease sucrose extraction by opening more cells, they also extract more 
impurities, which are removed by maceration juices along with sucrose from 
the burst cells. Some shredders provide a more constant feed rate because of 
the uniform bulk density of shredded cane, which is necessary for optimum 
performance of a tandem. However, the shredded cane comes out from some 
shredders in heaps and not in an even stream, giving uneven feed to the rest 
of the tandem, which is undesirable. 

There is a close relationship between the power transferred from a 
shredder-rotor to the sugar cane and the speed and the angle of the swinging 
hammers (Crawford, 1970). To improve shredding, the speed of the rotor 
can be increased. 

Maxwell Shredder 
The Maxwell splitting shredder is a solid steel drum on the periphery of 

which are ten parallel grooves, in which are inserted teeth ca. 4 in (100 mm) 
long. These teeth can be placed in any section of the groove (Hugot, 1950; 
Tromp, 1946). The Maxwell shredder works in connection with a two-roller 
crusher, and is installed at the point where the cane emerges from the 
crusher. 
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Hammer-mill Shredders 
Hammer-mill shredders (e.g. Seabry, Stedman, Jeffrey and Gruendler) can 

efficiently replace two-roller crushers, which are now gradually being elim-
inated from modem tandems. Over the past 30 years, the use of the 
Gruendler shredder has increased considerably (Fig. 4.6). The Gruendler 

Fig. 4.6a. Gruendler heavy-duty cane shredder (courtesy of Gruendler Crusher and 
Pulverizer Co., St. Louis, MO, U.S.A.). 

SECTION B-B FRONT ELEVATION 
HALF SECTION A A 

Fig. 4.6b. Section and elevation of Gruendler heavy-duty cane shredder. 

shredder disintegrates cane by the explosion method of rupturing and 
exposing the innermost juice cells for further crushing and the lixiviation 
process which follows. 

This type of shredder requires no more power than modem conventional 
cane knives, because it has non-clogging cutter bars and a relief valve 
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that prevents build-up of cane under the shredder, a problem caused by ir-
regular feeding of the cane carrier. The position of the breaker plate, which 
is not flat, contributes to a reduction in the power necessary. 

Unigrator (Fiberizer) 

This machine is a combined cane knife and shredder, consisting of a rotor 
with fixed blades, to the ends of which hammers are welded perpendicularly. 
The sugar cane stalks are cut by the blades and shredded by the hammers 
against a serrated anvil mounted above a chute, the position of which can be 
adjusted by a spring-loaded device. The rotor is 66 in (1.68 m) in diameter at 
the blade tips and is rotated at 1000 r.p.m. in a counter-clockwise direction. 
The Unigrator is driven by an electric motor or steam turbine and gearbox 
directly coupled to a sh^ft at the end of which is a flywheel. 

The sugar cane is fed into the Unigrator through the feeder entrance, is 
cut by the revolving blades and is thrown upwards against the upper part of 
the casing, which acts as a deflector. The cut sugar cane stalks are shredded 
on the way downward against the adjustable anvil. This shredding area acts 
as a shock absorber, oscillating under impacts generated by the hammers and 
the reactions of the anvil suspension which tend to keep it in a preset 
position. It also constitutes a safety device, allowing the expulsion of tramp 
iron through a bagasse chute below (Fig. 4.7). 

For the optimum performance of the machine there must be a constant 
flow of cane into the fiberizer. As long as the anvil moves constantly, a layer 
of cane is removed from it by each row of blades, and the operation is 
smooth and continuous, the power consumed is constant, and at a minimum. 
The average power required for the fiberizer is 25—35 h.p./tch. It is advisable 

Fig. 4.7a. Unigrator (courtesy of Unice Machine Co., San Francisco, CA, U.S.A.). 
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O R A T E D" C A NE 
DISCHARGE 

Fig. 4 .7b. Elevation of Unice Unigrator. 

to have a 16-blade knife leveler preceding the Unigrator with power require-
ment of one h.p./tch, using a space between tip of the knife and conveyor of 
17.5-23.5 in (450-600 mm). 

The number of blades to be used is calculated using the formula 

No. blades = 2K((L/152) - 1) 

where, L = width between casing sidewalls (mm); and Κ is a constant, which 
is equal to 2 when the fiberizer precedes five or six mills, 3 when it precedes 
three or four mills and 4 when it is followed by a diffuser. 

Magnets 

With mechanization of harvesting of sugar cane, magnetic separators of 
tramp iron before it passes mill rolls became of great importance (Fig. 4.8a). 
To protect revolving cane knives from damage due to tramp iron, many mills 
have used either powerful electro- or permanent- (non-electric) magnets. 
These are effective if properly installed on the discharge end of the sugar-
cane table (Fig. 4.8b). 

On installations ahead of shredders o
v
 crusher rolls on high capacity mills, 

Eriez Magnetics' oil-filled sugar cane electro-magnets installed in the bottom 
of the chute immediately beyond the discharge from the cane carrier or cane 
tables have proven to be effective (Fig. 4.8c). These powerful magnets weigh 
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several tons and extend five feet up and down the chute. Suspended electro-
magnets can also be used after the crusher rollers on installations where the 
intermediate cane carrier (Fig. 4.8d) is constructed of non-magnetic stainless 
steel or crushed cane is carried on a rubber belt. 

Eriez 'Giant' non-electric sugar cane plate magnets which are powerful 
and compact can be utilized after the crusher, and can also be used at the 

Fig. 4.8. Eriez Magnets (courtesy of Eriez Magnetics, Erie, PA, U.S.A.): (a, above) work-
man at Oahu Sugar Co., Hawaii, stands atop a pile of tramp iron extracted from sugar cane 
by magnetic separators; (b) magnets installed at discharge end of sugar cane table; (c) mag-
net installed in a chute after two-roller crusher; (d) powerful magnet suspended over cane 
conveyor; (e) suspended electro magnetic separators between the cane knives and the 
crusher; (f) suspended electro magnet installed in crushing mills at Atlantic Sugar Associa-
tion, Florida; (g) magnets installed over bagasse conveyor. 
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Fig. 4.8b. 

discharge end of tandems to keep unwanted metal from damaging bagasse 
conveyors and boiler feeding mechanisms. According to Hugot (1950, p. 37), 
magnetic separators will prevent from 80 to 90% of damage which would 
otherwise be inflicted on the surface and grooving of mill rollers by tramp 
iron. 

Different Installations of Magnets 

At the Oahu Sugar Company in Hawaii, ca. 5 t of tramp iron is removed 
during the nine-month season using two SE-2400 suspended electromagnetic 
separators (Fig. 4.8e), installed on two tandems between the knives and the 
crusher, about 16 in (407 mm) above the conveyor. Each magnet is 8 ft wide 
(2.44 m). The powerful magnetic field, specially designed for use above 
wide, flat conveyors, penetrates the cane and removes scrap iron. At the 
Atlantic Sugar factory in Florida, the suspended magnet (Fig. 4.8f) is lifted 
once every 24 h, moved to the side by a traveling crane and cleared of all 
ferrous debris before it is returned and repositioned over the conveyor. 

At the St. Mary Sugar Cooperative in Louisiana, the sugar cane is cut by 
two sets of knives, then passes over a rotary magnetic drum which removes 
much of the tramp iron before the cane enters the six-mill tandem. The final 
bagasse from the last mill is sent to the French bagasse screw press where, 
under 3000 psi pressure, the moisture in the bagasse is reduced from 54 to 
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Fig. 4.8e. 

48—50%. In order to prevent any possible damage to the screw press, the 
bagasse first passes beneath an electromagnet (Fig. 4.8g), which is suspended 
12 in (305 mm) above the conveyor. 

Cane Carriers 

The operator of the cane carrier regulates its speed according to the 
amount of cane loaded. He also controls the movement of cane tables, and 
water pumps if cane is washed. Normally, the tandem is fed by another 
operator who regulates the speed of the conveyor between the knives and 
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Fig. 4.8f. 

the crusher or first mill. For better and more uniform feed, and for better 
performance of the tandem, an automatic feeding system is recommended. 
One type is an electronic system developed in Central Plata in Puerto Rico, 
and another is the Edwards Autocane system for automatically-controlled 
cane-carrier drive. The latter is a system designed to provide for delivery of a 
precise, predetermined quantity of cane to the milling section continuously 
and automatically (Fig. 4.9). It is composed of a sensing device, a power 
unit, and a set of controls. The sensing device is mounted above the carrier, 
usually near the discharge point. It consists of several swing bars which are 
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Fig. 4.8g. 

free to oscillate individually as cane passes under them (Fig. 4.9c). Variations 
in cane height across the width of the carrier are thus detected and the indi-
vidual signals are integrated mechanically to produce a signal corresponding 
to the average height of sugar cane. 

This signal is transmitted to the power unit, which consists of a prime 
mover (usually a standard induction motor), a hydraulic transmission, suit-
able oil reservoir with filter, cooler and all accessories, and a gear reducer 
(Fig. 4.9d). The induction motor drives the hydraulic pump which, in turn, 
circulates oil through the hydraulic motor. The hydraulic motor provides the 
required torque for driving the carrier through suitable reduction units. 

The signal from the sensing device controls a by-pass valve between the 
hydraulic pump and the motor, producing the required output speed. 
Sensing, signal transmission and signal conversion are all done mechanically 
without the need for complex electronic controls. There is no slippage, the 
system is insensitive to torque variations and all elements are designed for 
quick and simple mounting and for use, if required, in conjunction with 
existing reduction units. 
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Among the controls used is a manually-adjusted control on the power 
unit which permits setting cane delivery within a 3.3/1 range. Once this 
linear adjustment is made for a desired tonnage, the system requires no 
further attention. There are override controls which can be used to antici-
pate and prevent cane knife chokes. 

The Autocane system may be used on the main carrier feeding cane to the 
milling section, or separately on an auxiliary carrier. However, the trend in 
multicarrier drive installations is to install a conventional Autocane with 

Fig. 4 .9 . Autocane system (courtesy of Edwards Engineering Corp., New Orleans, LA, 
U.S.A.): (a) schematic diagram of Autocane system; (b) sensing device; (c) schematic 
diagram showing location of sensing-finger device; (d) power unit for Autocane system. 
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mounting bracket 

Fig. 4.9c and d. 

sensing device and power unit on the main carrier, and with a power unit 
only on the auxiliary carrier. The speed of the auxiliary carrier is syn-
chronized with that of the main carrier by a feedback control connection 
between the tail shaft of the main carrier and power unit controls on the 
auxiliary carrier. This provides a completely integrated cane delivery system 
requiring supervisory personnel only over the entire length of the sugar cane 
carriers. 

In addition to reducing the number of personnel required, delivering a 
precise volume of cane, and eliminating crusher chokes, the Autocane system 
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increases grinding capacity, reduces maintenance costs and increases mill 
extraction. 

Improvements in Mill Construction 

In the past 30 years, there have been noticeable improvements in the con-
struction of mill tandems and all systems for preparing sugar cane prior to 
feeding to the crusher or first mill. The Farrel Corporation has made 
improvements in hydraulic-ram mechanisms to maintain uniform roller pres-
sure with full freedom for self-alignment and flotation of top rollers (Fig. 
4.10). Force-feeding rollers are used for better mill feed. The new Fives— 
Cail—Babcock self-setting mill (Fig. 4.11) has a smaller diameter forced-feed 
roller, which is mounted directly on the mill housing and it has circular tri-
angular grooves of chevron-type. The ladder-type roller bearing in Farrel mills 
permits free vertical movement of the top brass, preventing tilting or 
misalignment of the top box. 

Fig. 4.10. Recent design of Farrel mill with improved mechanism for maintaining uniform 
roller pressure (courtesy of Farrel Corp., Ansonia, CT, U.S.A.). 
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Fig. 4.11. Small diameter forced-feed roller mounted on mill housing — feed side 
(courtesy of Fives—Cail—Babcock, Paris, France). 

Flotation of the Top Rollers 

With a free-floating top roller, the hydraulic system is free, and the 
accumulator is in constant motion. The elimination of binding and excessive 
friction reduces the power required to drive the mill. However, if the mill is 
overloaded because of excessive grinding, the ladder bearings tend to wear 
out and must be replaced. The top roller should float freely and may rise as 
much as 1 in. One side of the top roller may rise higher than the other, and 
the ratio between inlet and outlet openings may also vary. The new F63 
Fives—Cail—Babcock mill is designed in such a way that the ratio between 
inlet and outlet apertures is kept constant whatever the lift of the upper 
roller, because its displacement is carried out along an arc of a circle. This 
ratio may be adjusted to between 2 and 2.5 by means of an eccentric wedge 
under each lower bearing, and may also be modified according to the wear of 
the rollers. 

Accumulators 

To obtain extraction of juice from the knifed and crushed cane, pressure 
must be exerted through hydraulic rams upon the top roller of the mill. The 
old-type mills used weighted accumulators which were not very sensitive to 
the flotation of the top roller, a factor which is important in good milling 
procedure, and quite often the top roller would stick in one position. Today, 
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Fig. 4.12a and b. 



71 

Fig. 4 .12 . Edwards hydraulic accumulator (courtesy of Edwards Engineering Corp., New 
Orleans, LA, U.S.A.): (a) installation showing pressure gauges and floatation indicators; 
(b) accumulators; (c) hydraulic pump unit; (d) central control panel, occupying a space of 
0 .762 X 1.45 m. 
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almost universally, these hydraulic weight accumulators are being replaced 
by pneumatic accumulators of the Munson or Fives type. 

The Edwards Hydraulic accumulators can be adapted to any existing mill 
and are also used widely throughout the world. The Edwards Hydraulic 
System for mill pressure control is composed of hydraulic accumulators, a 
pump unit and a central control panel (Fig. 4.12a-ti). The purpose of the 
system is to establish a desired average opening between mill rollers, to sub-
ject the layer of cane or bagasse to a constant, predetermined pressure and to 
provide an additional larger opening between mill rollers in case solid 
objects, such as tramp iron, find their way into the mill. 

The accumulator in the Edwards system consists of a cast steel casing 
containing a nitrogen-filled rubber bladder. This pear-shaped bladder isolates 
the nitrogen from the hydraulic fluid. Pure nitrogen is used to charge the 
bladder, since this acts with almost perfect elasticity as the area of the 
bladder is reduced by the transfer of hydraulic fluid from the mill cap ram 
to the accumulator. As the type of accumulator used in the Edwards system 
has no piston or moving parts which are usually found in the 'air piston' 
or 'weighted' types of accumulator, inertia and friction are practically elim-
inated, providing increased extraction, more uniform top roller operation, 
reduction of necessary power to drive the mills and minimization of mill 
chokes and stalls. Hydraulic accumulators are available in capacities from one 
quart to ten gallons, with the five and ten gallon sizes most frequently used. 

Although the accumulators for any single set of rollers may be individual-
ly controlled, the grouping of controls into one central control panel for all 
hydraulic elements in the system is a development which has been adopted 
by many modern sugar factories. 

Hydraulic Pump 

Since the working hydraulic pressure in the system is changed by 
increasing or decreasing the volume of the hydraulic oil, the hydraulic pump 
unit is specially designed for this purpose, and includes within a self-
contained unit with common base the hydraulic pump, motor, starter, oil 
reservoir, breather, filters, check and relief valves. The unit starts under full 
hydraulic back pressure without stalling or time loss. 

Grooving 

The juice extraction begins in the crusher or first mill. The rollers of the 
first mill have 3 in (76 mm) peripheral V-shaped grooving with longitudinal 
grooves in the form of a chevron on top and feed rollers for better feed of 
the mill, whereas the mills which follow have smaller grooving. If the periph-
eral speed of the rollers is 45 ft min"

1
 or faster, deeper grooving of 2 in 

(50.8 mm) is recommended and Messchaert grooves should be used on feed 
and discharge rollers. 
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If the tandem is grinding at a high rate, the juice and imbibition water 
has no time for draining, and the bagasse reabsorbs the moisture. The result 
is that the discharged bagasse is too wet for proper combustion in the 
boilers. The Messchaert grooves, particularly on the bagasse rollers of the last 
mill, are very important for recovering dry bagasse. According to Avrill 
(1959), the groove fingers must be made of tool steel (Atlantic No. 33). 

Intermediate Bagasse Carrier 

The intermediate bagasse carrier between cane mills generally consists of 
metal slats, but the Farrel Corporation has also manufactured rubber belt 
intermediate carriers. 

Mill Specifications 

Capacity of Tandem 

The peripheral speed of mills is regulated according to the size of the mill, 
diameter of the rollers and amount of sugar cane to be ground. Of course, 
increased speed and amount of cane to be crushed will decrease sucrose 
extraction. 

The capacity of a tandem can be calculated by applying the formula 
devised by Tromp (1946): 

C = V X L X d X 6 0 X 2 4 X S X r c X 1 0 0 X k X M/2000 XNnXB 

where: C = milling capacity per 24 h (short tons); 
V = peripheral roller speed in ft min"

1
 taken as 1.5 times the roller 

diameter (in) for maximum values; 
L = roller length (in) = (L/12) ft; 
d = vertical mill opening (in) (assuming 0.25 in in operating order 

= 1/48 ft); 
S = maximum obtainable specific weight of compressed bagasse 

= 79 lb ft"
3
 (1.275 kg m

- 3
) ; 

Ν = number of compressions, each crusher having one, each mill 
having two; 

M = coefficient of shredder or revolving knives = 1.25/1.1; 
k = coefficient of roller diameter = d/30; 
Nn = normal number of compressions = 9 (as a standard milling 

plant is taken to be one crusher and four mills); 
Β = percentage of bagasse on sugar cane. 

Hugot (1950) proposes a complete formula for tandem capacity 

C = 0.b5[(cnLd
2
x/N)lf] 
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where: C = capacitf of tandem in tons of cane per day (t.c.d.) 
f = fiber of cane (per unit), if cane contains 12.5% fiber then f = 

0.125; 
c = coefficient in relation to preparation of cane, for two sets of 

cane-knives it is average 1.2; 
η = speed of rollers (r.p.m.); 
L = length of rollers (m); 
d = diameter of rollers (m); 
Ν = number of rollers in tandem. 

For nominal grinding rates, tandems of 12—15 rollers are commonly 
employed. For higher grinding rates and better extraction, 18- to 21-roller 
tandems are used. 

Power Required for Mill 

Nominal grinding rates and horsepower required for three-roller mills 
have been calculated by the Farrel Corporation and are shown in 
Table I. Where a two-roller crusher is used, approximately 80% as much 
power is required to drive it as for a three-roller mill. Revolving cane knives 
and shredders give additional capacity to a tandem, and high extraction can 
be maintained. 

Hugot's proposed approximate formula for power requirements for a mill 
(Jenkins, 1966) 

Τ = KPnD 

where: Τ is the total horsepower supplied by prime mover; Ρ is the hydraulic 
pressure (t); η is the numberof revolutions of rollers (r.p.m.); D is the diam-
eter of rollers (in); and Κ is a constant, given the values of 0.005 for old 

TABLE I 

Horsepower requirements for three-roller mills 

Mill roller size Journal size Nominal rating 

Diameter Length Diameter Length Designed Speed Grinding Horse-
hydraulic (ft min"

1
) r a t e

b
 p o w e r

0 

l o a d

a 

32 60 15 20 70 55 3 5 0 0 390 
34 66 16 21 74 60 4 2 0 0 470 
35 72 17 22 76 65 5100 570 
36 78 18 24 78 70 6 0 0 0 675 
38 84 19 26 80 80 8000 870 
a
T o n s per foot of roller face. b
S h o r t tons per 24 h and 15% fiber. c
 Horsepower per three-roller mill. 
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mills, 0.0045 for standard mills or 0.004 for modern mills. Hugot (Jenkins, 
1966) also quotes values for power requirements, from various sources, in 
the range of 16—30 h.p./t.f.h. (indicated horsepower per ton fibre per h). 

Setting of Mill 

Every mill engineer has his particular preference in roller setting, but the 

TABLE II 

Sample work chart for mill settings 

Mill size: 36 X 78 in — 18 Rollers 
Tonnage: 4 0 0 0 per 24 h 
Fiber: 15% 

Mill M / F

a 
Speed Speed R

b 
"O" 

No. (r.p.m.) (ft min"

1
) Chart 

1 6 7 / 3 3 5 47 6.5 0 .840 
2 6 0 / 4 0 5 47 6.5 0 .614 
3 55 /45 5 47 6.5 0 .475 
4 52 /48 5 47 6.5 0 .400 
5 5 0 / 5 0 5 47 6.5 0 .362 
6 4 8 / 5 2 5 47 6.5 0 .337 

Mill Roller settings Roller settings 
No. 

l
A in roller float adjusted 

Factor Roller openings 

Bag.

c
 R a t i o

d 
C a n e

e 
Rat io

f 
TP 

Op. C/B Op. Tp./C. Op 

1.637 1.375 2 2 .750 1.5 4.S 
1.637 1.005 2.2 2 .210 1.5 3.Σ 
1.637 0 .778 2.4 1.867 1.5 2Λ 
1.637 0 .655 2.6 1.702 1.5 2.5 
1.637 0 .592 2.8 1.656 1.5 2.4 

1.637 0 .552 3 1.656 1.5 2.4 

Settings measured 
at end of crop 

Cane Tp. Bag. Cane Tp. Bag. Cane Tp. 

1 1.125 2 .500 3 .970 17· 27* 4 
2 0 .755 1.960 3 .070 2 3 7l6 

3 0 .528 1.617 2 .550 72 17s 27" 
4 0 .405 1.452 2 .305 Vie 1 7 " 2

s
 h 6 

5 0 .342 1.406 2 .235 7s 17s 2 7 4 

6 0 .302 1.406 2 .235 7l6 17s 2 7 4 

Bag. 

Factor = 
Tonnage X Fiber 

Roll Face (in) X Speed (ft m i n

1
 ) X 1 a

 Ratio of moisture to fiber. 

. Arrobas

h
 fiber/h 

D
R - Cane blanket thickness factor = 

ft m i n

1
 X Roll face (ft) e

 Bagasse opening = " Ο " X Factor. d
 Ratio of cane opening to bagasse opening. e
 Cane opening. f
 Ratio of turnplate opening to cane opening. g
 Turnplate opening. h
A r r o b a = 25 lb. (avdp.). 
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Farrel Corporation has a practical suggestion which can be followed 
advantageously. It is recommended that a Brix test be made and mills 
adjusted accordingly. After the most efficient operation has been achieved 
by this method, samples of bagasse leaving each mill should be taken, and 
their moisture contents determined. This procedure should be followed four 
or five times at least throughout the crop to obtain the average moisture 
content of the bagasse leaving each mill. Once the average moisture content 
of bagasse leaving each mill has been determined, the basic bagasse-roller 
opening, "O", is obtained for each mill from the sample work chart (Table 
II) for mill settings, based on Tables III and IV (Farrel Corporation). 
"O" is total bagasse-roller opening, per short ton of cane per 24 hours, 
per inch of roll face, per foot per minute of roll speed for cane with 10% 
fibre. For particular mill conditions, actual opening = "Ο" X Factor 

TABLE III 

Table for calculation of moisture content in bagasse by weight 

Percent of moisture 
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TABLE IV 

Percent of moisture in bagasse by weight 

7 2 7 0 6 8 6 6 6 4 6 2 6 0 5 8 5 6 5 4 5 2 5 0 4 8 4 6 , 

U'O ' = Total bagasse opening, per short 
ton of cane, per 2 4 h, per inch of 

" roller face, per foot of roller speed 
per minute for cane with 1 0 % 
fiber 

Use ratio of cone/ 
bagasse of 2 / 3 with 
this chart 

1.1 

1.0 

0 .9 

0 . 8 

0 . 7 b 
0 . 6 £ 

| 0 . 5 I 

o.4 è 
0 . 3 

0 . 2 

0.1 
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Short tons cane per 24 h Χ % fiber 
Factor = 

Roll face (in) X Speed (ft min"
1
) X 0.1 

Openings are calculated from pitch line to pitch line of grooving, or, when 
the top and side rolls have the same grooving, from point to root. Roller 
settings are less than roller openings, because of 'roller float'. Farrel mill 
engineers recommend a cane-roller opening, increasing proportionately from 
twice the bagasse opening on the first mill to three times on the last mill. 
Turnplate openings should be about 1.5 times the cane opening. 

Hugot (Jenkins, 1966) suggests that, for the hydraulic pressure generally 
used, a fixed ratio of opening to fiber loading can be applied to mills of any 
size, and can be used for each mill of the tandem. This is equivalent to 
adopting a fixed value for fiber index (Table V) 
TABLE V 
Suggested ratios of roller opening to fiber loading (Jenkins, 1966) 

Mill No. 

Opening (in) 
Ratio = — — , Λ. 0.40 0.35 0.31 0.29 

Fiber loading (lb/ft

2
) 

Fiber index (lb/ft

3
) 30.0 34.3 38.7 41.3 

In general, the mill setting varies greatly from one sugar factory to 
another, depending on the varieties of sugar cane, fiber content, grooving of 
the rollers, speed of mills, rate of grinding etc. 

Drive for Roller Mill Tandem 

The mills are driven through a system of gears by steam engines, electrical 
motors or steam turbines, the last-mentioned system being increasingly used 
(Fig. 4.13). Two or three steam engines can drive the tandem, and often one 
steam turbine can drive two or three mills. Steam-turbine drives produce 
higher horsepower for increased grinding rates. An individual turbine drive 
for each mill gives maximum efficiency in operation. 

Maceration 

Sugar cane consists of dry fiber and juice, which is called 'absolute'. 
Sugar cane is almost 90% juice, yet, even when the cane has been cut by 
revolving cane knives or by a shredder, the fiber retains the liquid like a 
sponge, and the juice starts flowing only when the prepared and shredded 
cane is squeezed in the crusher or first mill. From 60 to 70% of cane juice is 
extracted in the crusher and first mill. Subsequently, the flow of juice 
diminishes, and the juice remaining in the bagasse after the first rjwil has to 
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Fig. 4 .13 , Cane tandem with intermediate rake conveyor, 12 rollers and force-feed rollers. 
The grinding rate is 4 0 0 0 t per day, top roller pressure 440—530 t at nominal speed of 5.3 
r.p.m. (49 ft m i n 1) . The tandem is driven by steam turbines giving 500—600 h.p. and 
1500 r.p.m. The gears are clearly visible (courtesy of BMA, Braunschweig, G.F.R.). 

be extracted by lixiviation and periodic squeezing and crushing on the fol-
lowing mills. This method of extraction by lixiviation is called 'maceration'. 
In compound maceration, the juice from the crusher and first and second 
mills, known as 'mixed juice', is withdrawn to the liming station, while juices 
from the third and following mills are recirculated and pumped and sprayed 
onto the top of the bagasse emerging from the preceding mill. Water is 
sprayed onto the bagasse emerging from the penultimate mill. To prevent ex-
traction of gums and undesirable impurities from the bagasse, the tempera-
ture of imbibition water should not exceed 60°C (140°F). Imbibition rates in 
excess of 250% on fiber do not achieve improved results of extraction 
(Buchanan et al., 1965). Recirculated juice sprayed on bagasse penetrates 
through its blanket and washes the sugar, as well as other soluble and insol-
uble matter, from the open cells of the sugar cane. This is the lixiviation pro-
cess. 

Extraction 

The bagasse reabsorbs the sprayed recirculated juice like a sponge, and 
swells. The swollen bagasse is fed into the following mill by a force-feed 
roller. The mill squeezes the juice and may burst a few additional cells from 
which maceration juice washes the sugar. After the fourth or fifth mill there 
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is practically no further bursting of the cells, and any remaining sugar is 
retained in the bagasse. If the tandem is grinding at a low rate there is a 
better chance of extracting more sugar. Furthermore, the recirculating 
juice from each successive mill is thinner and assists in more thorough lixivia-
tion. However, modern mills, though of the same sizes as formerly (4—7 ft 
wide), grind at a faster rate, and therefore larger quantities of sugar cane are 
crushed. On fast-grinding tandems, sucrose extraction must be sacrificed to 
capacity. The juices flowing from the mills are screened through the 'cush-
cush' screen, and wet bagacillo is returned by slat and screw conveyors to 
the preceding mills. In some tandems, the cush-cush screen is replaced by 
chokeless pumps. The bagasse discharged from the tandem contains a small 
amount of residual juice, and polarizes at 1.5—4%. The bagasse sent to 
the boilers should contain not more than 50% moisture for satisfactory com-
bustion. Naturally, the less sugar left in bagasse, the better is the extraction. 

High purity sugar cane will yield higher sucrose extraction. However, the 
extraction can be affected by fiber content of the sugar cane. The higher the 
fiber content, the more sugar will be retained in the bagasse. Purities of 
below 80% of sugar cane will also unfavorably affect sucrose extraction. An 
empirical formula for the theoretical possible extraction can be used. This 
formula is based on maximum sucrose extraction of 97% on a modern 
tandem and fiber content of 10%. But each additional percent of fiber in 
sugar cane will retain approximately 0.6% of sucrose. Hence 
% Theoretical sucrose extraction = 97.0 - (% fiber in cane - 10) X 0.6 

For example, if the fiber content of the cane is 13.75%, then 

% Theoretical sucrose extraction = 97.0 - (13.75 - 10) X 0.6 = 94.75% 

Naturally, this theoretical sucrose extraction is higher than actual extraction 
can be. If actual sucrose extraction is within 0.25% of the theoretical value, 
it can be termed 'excellent'; if the difference does not exceed 1%, extraction 
can be called 'very good'; a difference of 2% is 'good'; 3% is 'fair', and a 
difference of greater than 3% indicates 'poor' extraction. This formula will 
give roughly comparable results. 

There have been many efforts made to find both dependable and compar-
able formulas for estimating maximum possible extraction (Hugot, 1950; 
pp. 233—234), or the use of a milling loss for determination of possible 
extraction (Webre Jr., 1964). However, because of the great variations which 
exist in sugar cane, purity, fiber content etc., this is a difficult task. 

Screw Presses 

French Screw Press 

The French Press has been installed in a few sugar factories to increase 
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extraction from sugar cane or to obtain drier bagasse from the last mill of 
the tandem. According to current literature, extraction can be increased by 
use of the screw press to 96%, instead of the 92% obtained with the tandem 
alone. Moisture of bagasse is also reduced to 44%, and polarization of 
bagasse decreases. The installation of the French Press allows an increase of 
imbibition on the last mill of the tandem. A decrease of moisture in bagasse 
increases its calorific value and saves supplementary fuel oil. The power 
required to drive the screw press is 5 h.p./t.c.h. A smaller size screw press 
can be used for bagacillo from the cush-cush (Smart, 1969). 

Description of French Screw Press 
The screw press manufactured by the French Oil Mill Machinery Co. is 

continuous and consists of two coaxial rotating helical screws, separately 
driven, the first a fast turning feed-screw feeding a relatively slower main 
pressing shaft (Fig. 4.14). Wet bagasse from a diffuser or conventional roller-
mill tandem, at a bulk density of 2—5 lb ft"3 (32—80 kg m"3) ovendry fiber, 
is fed into the machine and is progressively squeezed or pressed to extract 
the excess juice, which passes through drainage slots running parallel to the 
axis of the screw. A hydraulically loaded drainage cone produces further 
compression at the discharge end of the press (Fig. 4.14c) and allows juice to 
drain from the inside of the cake of fiber as well as the outside. Bagasse 
discharges at a bone-dry fiber density of 30—35 lb ft"3. 

Screw Press Operating as a Tandem 

The most recent and pioneering screw press installation involves a 
complete tandem of five presses preceded by two sets of cane knives and a 
heavy duty shredder and grinding in excess of 6000 t.c.d., with a total ex-
traction exceeding 93%. While still in development at the time of writing, the 



Fig. 4 .14 . French Bagasse Press (courtesy of the French Oil Mill Machinery Co.): (a, facing 
page) full view of J-88 Bagasse Press with splash covers removed; (b) view of J-88 Bagasse 
Press cage section with covers removed; (c) 'swing-away' cone bracket at high-pressure dis-
charge end. 

screw-press tandem has given results equal or superior to conventional roller-
mill tandems, with much less floor space and initial capital outlay required. 

Just as is the case with a conventional tandem, it is advisable to thorough-
ly clean the cane of field dirt and tramp iron to promote operational effec-
tiveness and minimize repair costs. 

81 
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Screening Bagasse 

The bagasse which leaves the last mill must be screened to produce suffi-
cient fine bagacillo to be mixed with mud removed from clarifiers for filtra-
tion on rotary vacuum filters. The bagacillo is separated from coarse bagasse 
either on a revolving or vibrating screen, or through a screen inserted in the 
bottom of the bagasse conveyor. This type of screen must be 12—20 ft 
(4—6 m) long and should be of 14 mesh. If the mesh of the screen is fine, the 
screen must be of maximum length in order to obtain fine bagacillo in suffi-
cient amounts. For coarser bagacillo, the mesh can be larger and the screen 
can be shorter. The quantity of bagacillo needed for good filtration of mud 
cake is variable, but there must be from 6—15 lb (2.7—6.8 kg) of bagacillo 
per ton of cane crushed. 

Disposal of Bagasse 

When the fiber content of sugar cane is very high, or there is a shortage 
of boilers and oil must be burned, large quantities of bagasse may 
accumulate. The handling of unused bagasse with bulldozers and its removal 
by trucks and spreading on fields is quite expensive. A more practical proce-
dure in this case is to burn the bagasse as soon as there is an excess. Of 
course, to burn accumulated piles of bagasse is an inefficient and sometimes 
dangerous procedure. Alternatively, the excess of bagasse can be discharged 
from the bagasse conveyor into a hopper or bin and then blown out through 
a duct with a powerful blower. At the exit from the duct the bagasse can be 
ignited and kept burning as long as bagasse is being blown out. The falling 
ashes can be removed by trucks from time to time. The bagasse must be 
blown out on the lee-side of a factory, and the prevailing wind direction 
must be established before such an installation is made. 

A well-designed and well-operated raw sugar factory with varieties of sugar 
cane having not less than 10% fiber should not require any other fuel than 
the bagasse provided from the tandem, unless the bagasse is used for other 
purposes such as fabrication of boards, paper or insulating materials. 

Sanitation 

Below each mill there is a juice pan into which the squeezed cane juice 
flows. To keep the tandem in a sanitary condition it is best that these pans 
be deep, with steep sides. In this way, wet bagasse and bagacillo will not 
accumulate in large amounts under the mill. The bagacillo which may stick 
to the wall of the juice pan can be washed down by recirculating the stream 
of juice. The juice pans should be lined with sheet metal, such as copper or 
stainless steel. Unlined concrete pans very soon become porous, and bacteria 
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in the juice can be retained in those pores, incubating and then contam-
inating the juices flowing down the sides of juice pans. This is especially true 
when there is no slant, and large piles of wet bagacillo accumulate below the 
mills. If there is recurring infection in raw juices, the first thing to be done is 
to cover the bare concrete with sheet metal. If the juice pans are very 
shallow and flat, a conveyor with vertical slats can be installed. If the sides of 
the pans are steep, they must be washed down with the stream of juice from 
the recirculating maceration pumps. The whole tandem should be steamed 
as often as necessary. Half-inch open-ended piping should be installed all 
around the tandem in such a way that exhaust steam can penetrate where 
bacteria growth is most probable. The whole steaming arrangement should 
be controlled by one valve conveniently located, so the foreman of the 
tandem can steam the tandem without opening several valves. The tandem 
can be steamed for ten minutes at a time on the run. 

Bactericides and Fungicides 

Chlorine in any form is not a very good bactericide to be used in juice 
flowing from the mill, because it is an oxidizing agent and will readily 
oxidize iron and impurities in cane juice, dissipating its bactericide strength. 
Therefore, small doses of chlorine are not effective at all in the presence of a 
large amount of iron and organic impurities. 

There is a bactericide and fungicide with the trace name Busan 881, 
which appears to be stable in cane juice and is used in some sugar factories 
which are infected periodically with Leuconostoc. Busan 881 has been 
successfully applied in cane juice of different countries (Appling and Ugarte, 
1960). 

Hodag Sanitrol-R Microbiocide is a liquid product which can be effective-
ly used for sanitation of a mill tandem by adding 20 ppm or less to the 
maceration juice or imbibition water. The total amount can be equally 
divided between crusher juice and maceration. This product is active in 
destroying Leuconostoc and fungi. 

Drew Chemical Corporation has a similar product, Amerstat 272, which 
controls the growth of bacteria and fungi in cane juices and reduces losses of 
sucrose through inversion. 
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Chapter 5 

SUGAR CANE DIFFUSION PROCESS 

Introduction 

During the last few years, diffusers have been installed in various sugar-
producing countries of the world. This new method of extracting sugar from 
sugar cane has proved advantageous from the technical point of view. 
Diffusion has been accepted as an efficient way of achieving high extraction. 
The capital investment and maintenance costs of diffusers are lower than 
those of mills, which must achieve similar extraction and process the same 
amount of sugar cane. 

There are several designs of diffuser, which can, in general, be divided into 
two classes: one type of diffuser extracts sugar from bagasse by percolation, 
the other by submersion. The most advantageous method for increased 
extraction is by fine preparation of bagasse, but the preparation should 
promote high permeability. In percolation-type diffusers, channelling and 
aeration reduce extraction, but extraction is greater than in submerged dif-
fusion. 

In Egypt, sugar has been extracted from cane by diffusion for some eighty 
years. When it was first introduced, the process was a batch operation like 
that in an old beet-sugar factory, and a considerable number of workmen 
were employed at the diffusion battery, which consisted of several diffusion 
cells. The sugar cane had to be fed manually into a slicing machine with hori-
zontally rotating knives, which sliced the sugar cane into small round cross-
sections 2—3 mm thick in which only a small number of cells was ruptured 
(Tantawi, 1965). This process aroused a great deal of interest among sugar-
men and was tried in different parts of the world, but was rejected because 
of its cumbersome operation (Murray, 1962). However, the Egyptian 
engineers realized the great advantage of diffusion, and continued to search 
for improvement until they developed a continuous diffuser for sugar cane. 
Almost simultaneously, the D.d.S. (De danske Sukkerfabrikker) continuous 
beet-diffuser was modified for cane diffusion, De Smet (Belgium) adapted 
his continuous beet-diffuser to sugar cane, Silver Engineering Works Inc. 
(U.S.A.) designed a radically different type of machine called the Ring Dif-
fuser, and Diaz-Compain also experimented with a continuous cane-diffuser. 
In recent years, "Saturne" and "FS" diffusers were designed and installed in 
several sugar factories, and were compared with the classical mill tandems. 
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Extraction and Draft 

The results obtained on all continuous sugar cane-diffusers were very sim-
ilar, and show that sucrose extraction can reach 96—97%, irrespective of 
fiber content of the sugar cane. The draft (dilute extraction) varies from 95% 
to 110% on weight of sugar cane, but the aim of all operators of the contin-
uous diffusion process is to confine it to between 95 and 100%, like dilute 
extraction from sugar'cane on a classical tandem. 

Theory of Diffusion Process 

The term 'bagasse diffusion' given to the process is not entirely accurate. 
Rather, it is a combination of osmosis and systematic lixiviation of sterilized 
bagasse with thin juice of decreasing concentration. The part played by 
osmosis is relatively small and is restricted to non-opened tissues (Tantawi, 
1964). First, most of the cells are opened, usually by revolving cane-knives 
and a three-roller crusher which together break most of the thin-walled 
storage cells in the sugar cane, and the juice is removed from the ruptured 
cells by lixiviation. However, 10—16% of the storage cells (parenchyma) 
remain intact, and sugar is removed from them by true diffusion. Diffusion 
may be defined as the spontaneous intermixing of molecules or very small 
particles in a liquid (McGinnis, 1951). To reach the high Brix juice in these 
intact cells, heat is necessary to kill the protoplasm of the cells. When the 
protoplasm is killed, the wall of a cell loses its power to regulate the flow, 
and becomes a semipermeable membrane through which some molecules can 
penetrate more rapidly than others, and only very large ones cannot diffuse 
through the heated membranes (McGinnis, 1951). A thinner juice or water 
can penetrate inside the wall and replace heavier juice in the cell until 
equilibrium is established. In the diffusion process, sucrose penetrates 
through the semipermeable membrane faster than the non-sugar with high 
molecular weight. For that reason, in the diffusion process the purity of 
residual juice even with 97% sucrose extraction is higher than the purity of 
the last expressed juice in the straight milling process, even with lower ex-
traction. 

Process Operation 

Temperature in Diffusers 

The optimum temperature in the diffusion process is 65—75°C (149— 
167°F). This high temperature is important to kill the non-opened cells to 
permit diffusion through the wall of the cell, to suppress bacterial action, 
and to prevent sucrose losses resulting from the presence of enzymes. In the 



87 

De Smet process, formaldehyde is injected into the diffuser at intervals for 
better security. At temperatures below 65.5°C (150°F) the extraction of the 
sugar from the bagasse is slowed, and there is danger of bacteria activity in 
the diffuser (Weng and Bruniche-Olsen, 1965). 

Disintegration of Bagasse 

It is not necessary to disintegrate bagasse into very fine particles. On the 
contrary, if the particles are very small the percolation of juice through the 
layer of bagasse will be very much reduced, thus decreasing the capacity of 
the continuous diffuser. The polarization of exhausted bagasse is practically 
the same whether the particle size is 4 in (100 mm) or 0.4 in (10 mm). The 
bagasse most suitable for diffusion is flattened pieces of a homogeneous size, 
with the maximum length of particles 4 in (100 mm), free from non-crushed 
cane and with a maximum of 10% fines. 

Losses 

De Smet finds that losses of sugar in bagasse are practically the same at 
intervals of every 1.64 ft (500 mm) up to 4.9 ft (1.5 m) in depth. Beyond 
that point, the losses begin to increase up to 0.5% on the weight of sugar 
cane at 6.6 ft (2 m), and increase rapidly beyond that depth. It is not recom-
mended to work with a mat of bagasse less than 3.28 ft (1 m) deep because 
there will be insufficient contact time between the diffusion juice and 
bagasse tissues, and the filtering area to retain suspended matter will be 
decreased (Tantawi, 1965). 

Rate of Percolation 

The rate of juice percolation through the layer of bagasse is ca. 85 mm s"
1 

(3.35 in s"
1
), being slower when bagasse is finer. The minimum retention 

time in the diffuser is 20 min. Excessive retention time and higher tempera-
ture may increase undesirable extraction of non-sugars. 

pH in Diffusion Process 

Diffusion can occur at neutral or low pH. However, if diffusion is con-
ducted at a low pH, the diffuser must be made of stainless steel where it 
comes in contact with acid juice, to avoid corrosion. A high pH and tempera-
tures near 74°C (165°F) may cause destruction of reducing sugars and have 
an adverse effect on fiber. 
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Types of Diffuser 

Successful results obtained with continuous sugar cane diffusers have 
encouraged new diffuser designs and now six different types of sugar cane 
diffuser are installed and in operation. 

Egyptian Continuous Diffuser (BMA license) 

The Egyptian Diffusion Process was developed by Société des Sucreries et 
de Distillerie d'Egypte (Fig. 5.1). The Egyptian continuous diffuser can be 
built for processing up to 6000 tons of sugar cane daily. 

The sugar cane entering the factory is prepared for diffusion by two sets 
of revolving cane-knives and partial grinding in a three-roller mill. From this 
crusher ca. 55—60% of juice is extracted, and pieces of bagasse from 3—4 in 
(76—102 mm) in size enter the continuous diffuser. The diffuser itself is 
a horizontal conveyor moving in the same direction as the mill tandem. The 

2 0 0 0 m t / 22 h 

3 0 0 0 m t / 2 2 h 

4 0 0 0 m t / 2 2 n 

* 2 8 0 0 0 

Fig. 5.1. Sketch of continuous diffuser, showing various capacities (courtesy of BMA, 
Braunschweig, G.F.R.). 

1000 m t / 2 2 h 
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bottom of the diffuser is a U-shaped trough divided by vertical partitions 
into several compartments for accumulation of diffusion juice of different 
concentrations. The mat of bagasse moves the entire length of the diffuser 
over interchangeable perforated mild steel plates fitted in the base of the 
trough. The conveying elements consist of four strands of endless chain lying 
in pairs on the upper surface of the stationary perforated plates and travel-
ling at the same linear speed. At equal intervals metal slats are fixed to the 
chains crosswise to the diffuser. The chains are guided by standard angle 
sections. The chain conveyor is driven by a variable-speed gear motor 
through the head shaft located at the outlet of the diffuser. The slatted end-
less chain is returned underneath the diffuser, where it is supported by idlers. 
The whole diffuser is covered, and has two vents for vapor evacuation. The 
conveyor which moves the bagasse over the perforated plates travels at a rate 
of 11—25 mm s"1 (2.3—5 ft min- 1) . The depth of the bagasse mat can be 
regulated by the relative speeds of the crusher mill and slat conveyor in the 
diffuser. The juice troughs located above the bagasse mat for distribution of 
maceration diffusion juice or sweet water are spaced in such a way in 
relation to collecting tanks that the excess juice is drained from the bagasse 
before the next juice dose of lower concentration is added. The juice 
accumulated in collecting tanks is circulated through juice heaters to flood 
the fresh bagasse entering the diffuser and to raise its temperature to 60°C 
(140°F).The system of recirculation of juice in the diffuser is similar to 
maceration in the classical tandem. The juice is circulated by circulating 
pumps, one for each collecting tank. The number of pumps may vary from 
five to seven, depending on the capacity of the diffuser. For smaller capacity 
there are more pumps. 

The exhausted bagasse leaving the diffuser contains 79—81% moisture, 
and must be dewatered on the two following mills to the normal moisture 
content of 47—50% (Fig. 5.2). After the first dewatering mill the partially 

Fig. 5.2. Egyptian type BMA continuous diffuser, with one mill preceding diffuser, and 
two bagasse dewatering mills. In the foreground vibrating screens for juice and circulating 
pumps are visible. Below the screens are the juice tanks (courtesy of BMA, Braunschweig, 
G.F.R.). 
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dried bagasse receives a dose of imbibition water, and after the second mill 
the desugared and dry bagasse with ca. 1.5° polarization is removed by con-
veyor to the boiler house to be used as fuel. The sweet water (residual juice) 
of ca. 2.0°Brix is strained through screens, heated to above 75°C (167°F), 
limed to 8.5 pH and clarified in a continuous clarifier. Since sweet water has 
a very low Brix, the clarification is very fast and retention time is short. The 
amount of mud from clarified sweet water is so insignificant and low in sugar 
that it can be ditched without any treatment, or it can be combined with ef-
fluent mud from the primary clarifier of crusher and diffusion juices mixed 
together. The amount of mud from a press-water clarifier does not exceed 
2% on sugar cane. The quantity of sweet water is equal to the difference 
between the water in the wet bagasse leaving the diffuser plus imbibition 
water added after the first dewatering mill and the amount of water left in 
bagasse after the second dewatering mill. The press water expelled from the 
two drying mills represents 65% of the weight of sugar cane. The clarified 
sweet water, together with fresh water, is returned to the tail end of the dif-
fuser. The recirculated juice, continually enriched with sugar, is collected in 
the last tank at the head of the diffuser. The diffusion juice extracted from 
the head of the diffuser at ca. 9.0° Brix is recycled through a heater and is 
sprayed on incoming bagasse to bring the temperature of input bagasse to 
about 70°C (158°F). The ratio of juice to bagasse is about 500%. 

The pH of diffusion juice near the outlet of the diffuser is ca. pH 7.2, but 
gradually decreases toward the inlet end, where it is pH 6.1—6.3. At this 
comparatively high pH of juice, which remains only for about 24 min in the 
diffuser at 60—70°C (140—158°F), inversion is very insignificant, though 
the total retention time of the sugar cane within the diffuser averages about 
40 min. 

The excess of diffusion juice withdrawn from the diffuser's head tank is 
mixed with crusher juice from the first mill (Fig, 5.3), limed, clarified as 
usual in a continuous clarifier and processed in the sugar factory according 

Fig. 5.3. BMA continuous diffuser, with one mill preceding the diffuser and the bagasse 
conveyor to the diffuser (right), and two dewatering mills and two vertical heaters (left). 
In the foreground is the continuous clarifier for residual juice. The two stacks are for 
steam evacuation from the diffuser (courtesy of BMA, Braunschweig, G.F.R.). 
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to the factory's standard procedure. Since crusher juice is generally very easy 
to clarify, and diffusion juice added is very clean after many percolations 
through the layer of bagasse, clarification in the continuous clarifier is rapid, 
and the amount of mud is small. About half as many vacuum filters are 
needed to process the mud for juice extracted on the classical mill tandem. 
Much less power and steam are required in the diffusion process than for a 
mill tandem, and, therefore, less boiler capacity is needed for the same 
tonnage of sugar cane. The total steam consumption of the diffuser is ca. 
245 lb per short ton of cane. This steam is provided from first effect 
evaporator vapor cell at ca. 4 psig (0.012 kg cm"

2
) to heaters at the diffuser 

(Buck, 1965). 

De Smet (Belgian) Continuous Diffuser 

Successful performance of the De Smet continuous diffuser in the beet-
sugar industry suggested its application in the cane-sugar industry. In terms 
of configuration and method of extraction the De Smet diffuser is similar to 
the Egyptian diffuser described above. However, there are differences in 
several mechanical details. The bagasse is prepared by a shredder as well as 
cane-knives. The length of bagasse particles for best results should not 
exceed 2 in (50 mm). The preparation of bagasse can also be effected on a 
three-roller mill preceding the diffuser. 

The prepared and scalded bagasse is charged through a long curved pipe 
into the diffuser onto a screen conveyor. The conveyor is composed of a 
series of jointed frames attached to two endless roller chains moving on 
parallel rails. The conveyor belt is made of 75 elements of stainless steel 
screen, each 36 in (900 mm) long, irrespective of the capacity of the dif-
fuser. The width of the diffuser varies between 8.33—16.66 ft (2.5—5 m). 
The conveyor is driven by a variable-speed gear motor, or by hydraulic drive 
for larger diffusers. The diffuser has 15 juice receiving tanks and the same 
number of circulating pumps arranged in groups of three and driven by a 
single motor for each group, if the diffuser operates without a crushing mill. 
If the diffuser is preceded by a crushing mill, fewer recirculating juice pumps 
and juice receiving tanks are needed, and retention time is reduced. During 
the passage through the diffuser the bagasse is soaked with juice overflowing 
from troughs installed crosswise above each recirculating tank. The layer of 
bagasse on the conveyor is 4—6.5 ft (1.2—2.0 m) deep. The belt conveyor 
moves at the rate of 2 ft min"

1
 (10.1 mm s"

1
 ) and retention time is 40 min. 

The screen conveyor is washed at the tail end of the diffuser. The total 
working length of the diffuser is 76.75 ft (23.4 m) with scalding space of 
11.84 ft (3.6 m) and the same length is needed for recirculation. 

The scalding of bagasse prepared for diffusion takes place in two stages. 
The bagasse and diffusion juice, reheated to 65°C (149°F), are blown into 
the diffuser through a long curved pipe, and diffusion juice from the draft 
tank is heated to over 85°C (185°F) and percolated through the mat of 
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bagasse at the entrance to the diffuser, raising the temperature of the bagasse 
to 75°C (167°F). 

The juice throughout the diffusion process is recirculated in the same 
manner as in the Egyptian diffuser. Similarly, the wet bagasse from the dif-
fuser is dewatered on two three-roller mills. The sweet-water treated with 
lime is reheated and clarified, and is returned with the addition of fresh 
water to the tail end of the diffuser. There are several heaters which are suf-
ficient to maintain the temperature of circulating juice at 75°C (167°F). The 
De Smet continuous diffuser can be built for processing sugar cane with a 
daily capacity up to 7000 t. 

D.d.S. Sugar Cane Diffuser (De danske Sukkerfabrikker) 

The sugar cane preparation for the D.d.S. diffuser is similar to that for the 
Egyptian diffuser. The cane is cut by two sets of rotating knives followed by 
a three-roller crusher alone, or by a combination of a crusher and a regular 
three-roller mill. The first expressed juice resulting from this operation is 
approximately 63—67% of the total. The crushed sugar cane with the 
remaining 33—37% of juice is transported by rubber-belt conveyor to the 
diffuser. In preparing the cane, the maximum possible number of cells must 
be opened for efficient lixiviation. 

The D.d.S. diffuser is an inclined double trough-shaped vessel without 
partition between troughs (Fig. 5.4). In this vessel are placed two screw-
flight conveyors, which fit closely into the cylindrical bottom of each 
trough, and are partly intermeshed. The screws are rotated upward and out-
ward toward the outside walls of the troughs. The rotation of the scrolls is 
intermittent between 0.5 and 1.5 r.p.m. The scroll-flights are made of per-
forated plates. The crushed sugar cane is fed into the diffuser through a 
hopper at the head of the diffuser, which is lower than the tail end. The 
exhausted wet bagasse is removed from the tail end of the diffuser by a rake 
conveyor, or by scooping-wheel. To prevent matting of bagasse around the 
scroll shafts they are scraped by triangular saw-like jags fastened at intervals 
on the periphery of the scroll-flights. The discharged wet bagasse is 
dewatered on two three-roller mills. The sweet water from these mills is 
pumped back to the tail end of the diffuser without being screened, heated 
or treated in any way. The conveyors are driven by two separate variable-
speed D.C. motors. 

To increase the lixiviation rate and to prevent bacteria activity, the tem-
perature in the continuous diffuser is maintained at 65—70°C (149—158°F) 
by means of steam jackets. The level of juice in D.d.S. diffuser is maintained 
slightly below the scroll shafts, but the mixture of juice and bagasse is 
carried up and outward by the movement of-thescpoll-flights. The bagasse 
absorbs juice in the diffuser like a sponge, from which a large portion of 
juice can be squeezed out by light mechanical pressure. For that purpose 
the two scrolls revolve at different speeds. The oscillating movement of the 
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Fig. 5.4a. D.d.S. cane diffuser installed in Tanzania (courtesy of De danske Sukker-
fabrikker, Denmark). 

Circumference of scrolls/ \f4ovement of cane 

Cone diffuser cross sec/ion 

Fig. 5.4b. Cross-section of D.d.S. cane diffuser (courtesy of De danske Sukkerfabrikker, 
Denmark). 

file:///f4ovement
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scrolls is controlled automatically. The speed of one conveyor is increased 
until the flights of the scroll almost reach the back of the flights of the other 
scroll, at which time the speed of the first conveyor is automatically reduced 
and the speed of the other increased by the same amount until the flights of 
the conveyor reach the flights of the first one. This action is repeated contin-
uously and effects periodical squeezing out of juice from the bagasse. As the 
bagasse moves forward, juice of lower concentration will be reabsorbed in 
place of the squeezed-out juice. This system of variable speeds of conveyors 
prevents choking by loosening up lumps of bagasse. 

The pH of the juice in the diffuser increases from 5.0—5.3 at the head end 
to 5.5—5.7 at the tail end, although the juice is not treated in any way. The 
pH at the tail end depends very much on the pH of the fresh water and 
residual juices which are added there. The diffusion juice is withdrawn at the 
head end of the diffuser in amount of about 95% draft, and the sucrose 
extraction is equal to 97%. The dewatered bagasse has about 47% moisture. 

The parts of the D.d.S. diffuser which come in contact with juice are 
made of stainless steel. However, if the pH is raised by adding milk of lime 
into the diffuser, the stainless steel can be replaced with mild steel. The daily 
capacity of the D.d.S. diffuser varies from 1000 to 3000 t of sugar cane. 
Total lengths of D.d.S. diffusers are 64.3 ft (19.6 m) and 71.5 ft (21.8 m), 
respectively. 

Continuous D-C (Diaz-Compain) Diffuser 

This diffusion process, like the others, is a combination of cane crushing, 
lixiviation and diffusion (Diaz-Compain, 1965). The sugar cane is prepared 
by two sets of revolving cane-knives and two three-roller mills. This arrange-
ment permits the extraction of 70% primary juices. The remaining 30% of 
juice is extracted from the bagasse by lixiviation and diffusion in a contin-
uous diffuser which consists of many moving open-ended trapezoidal cells. 
These cells are connected to each other by flexible couplings, and are sup-
ported on both sides by a roller chain running on a rail. This arrangement 
forms an endless conveyor (Fig. 5.5). The dual-cells partially filled with 
bagasse move in one direction in the juice tank, make a 180° turn and are re-
turned through another juice tank located beneath the first one. The maxi-
mum high level of the juice will be 2 in (50.8 mm) below the horizontal 
center. The juice is maintained at 74°C (165°F), and it is sprayed through 
nozzles on top of the bagasse in the dual-cells and percolated down through 
the bagasse. After the 180° turn the dual-cells are upside down and are 
sprayed from the other side with circulating juice. Finally, the bagasse is 
washed with condensate water from the flash system of the quadruple effect. 
This water has high initial pH, and because of that, the pH of diffusion juice 
is 7.0—7.6. The continuous conveyor of dual-cells moves at the rate of ca. 
3—5 ft min"

1
 (15—25 mm s"

1
 ). 
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Fig. 5.5. Diaz-Compain continuous diffuser: (a) flow diagram; (b) section through end of 
diffuser showing feed of cane chips and discharge of bagasse. 
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The juice is retained in the diffuser for 45 min and it is withdrawn by 
overflow. The diffusion juice sprayed on bagasse in a counter-current system 
is a continuous shower circulated by chokeless pumps. Each dual-cell has 
flexible scrapers at both sides which keep the bottom of the juice tanks 
(diffuser) clean. The bagasse is discharged through a chute onto a conveyor 
which delivers it to a dewatering mill provided with Messchaert grooving. 
The diffusion juice draft is 93%, and sucrose extraction is claimed to be 99%. 
This type of diffuser has been tried in an experimental pilot plant. 

Ring Diffuser (Silver Engineering Works Ltd.) 

The Silver Ring Diffuser is a different type of machine from other contin-
uous diffusers, and preparation of sugar cane for diffusion and dewatering of 
bagasse is different also. Instead of preparing the sugar cane on the classical 
three-roller mill, the cane is charged through feed rolls directly into a 'cane 
buster', and after leaving passes through a 'fiberizer'. Both machines are large 
hammer mills which run at the rate of 1000 r.p.m. and are driven by multi-
stage back-pressure turbines. Their purpose is to shred and disintegrate the 
sugar cane into individual fibers and to rupture a high percentage of the cells. 
The fiberized cane is moved to the ring diffuser by an arrangement of several 
belt conveyors (Fig. 5.6). 

The diffuser is composed of three concentric assemblies. The first assem-
bly is a stainless-steel shell without partitions, with vertical walls and a 
bottom of perforated plate which supports the prepared cane. This annular 

Fig. 5.6. Sketch of Silver Ring Diffusion system. The Ouster* and 'Fiberizer' are shown at 
left. Above perforated plate bottom is a mat of bagasse. Juice receiving tanks are below the 
bottom plate, and juice is recirculated as shown. The vertical screen conveyors feed the 
horizontal screw conveyor for evacuation of exhausted bagasse to presses (courtesy of 
Silver Engineering Works Inc., Denver, CO, U.S.A.). 



97 

diffuser is supported on external rails and wheels, and revolves continuously, 
driven by two hydraulic ratcheting devices. Underneath is the second assem-
bly, a stationary ring divided radially into segments which are juice receiving 
tanks. The prepared sugar cane is loaded into the revolving annular assembly 
and is transported a large portion of a circle from the loading to the 
discharge point. Above the ring diffuser are located weir distributing boxes 
which can be adjusted for variations in percolation rate of juice through the 
bagasse mat, and this is the third assembly. 

The percolated juice is recirculated by 17 pumps from receiving tanks to 
the distributing weir boxes. The juice circulates counter-current similarly to 
the circulation in other types of continuous diffusers. After 17 passes, the 
mixed juice reaches the head end of the diffuser and after being recycled to 
improve clarity is withdrawn for treatment in a continuous clarifier and 
further evaporation. Recycled juice is heated to 82°C (180°F) in heaters with 
vapors from evaporators in order to rapidly bring the temperature of input 
prepared sugar cane to the operating temperature of the diffuser which is 
maintained at ca. 71-74°C (160-165°F). 

The exhausted bagasse is discharged at the tail end of the ring diffuser by 
several vertical hanging screw conveyors. The wet bagasse is unloaded up-
ward into a horizontal screw conveyor which moves it toward the dewatering 
press. The screened press water is returned to the ring diffuser ahead of the 
discharging screw conveyors and mixed with a supply of fresh water which is 
automatically adjusted to the throughput of sugar cane. The dewatering 
equipment is open to choice, because different presses can be used success-
fully. The sucrose extraction achieved in the Ring Diffuser was above 97% 
and draft below 100%. The withdrawn diffusion juice is clarified in conven-
tional continuous clarifiers. However, bagasse can be mixed with dry lime 
before defibrizing. This procedure permits to maintain pH within the range 
in which stainless steel can be replaced with mild steel in the diffuser con-
struction. The withdrawn diffusion juice treated with dry lime is clear and 
can be sent directly to evaporators. In this system of operating the diffuser, 
vacuum filters can be completely eliminated. 

The power requirements of the Ring Diffuser are about 83% of the power 
required for extraction on a classical mill tandem for equal daily capacity of 
sugar cane. The Silver Ring Diffuser can be built up to a daily capacity of 
7000 t cane. 

Saturne Diffuser 

The Saturne is a submersion type of diffuser, operating on continuous 
total maceration. It is a fixed tank in the shape of an annulus of rectangular 
cross-section. Its exterior diameter is 40 ft (12 m) and its inside diameter is 
30 ft (9 m). The width varies according to the desired throughput. Inside 
this stationary circular tank is a ring rotating anticlockwise. This ring is sup-
ported by a roller bearing, while another roller keeps the ring in the center of 
the tank. The ring comprises a central circular girder on both sides of which 
screens are mounted. The space between the two screens is called a 'basket'. 
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The inside ring is rotated by hydraulic jack, which successively pushes the 
fixed bars of the screens. The inside ring is prevented by a ratchet from re-
versing its movement. The empty basket passes under the feed-hopper and is 
filled with finely prepared bagasse, which has been squeezed by a mill pre-
ceding the diffuser. The limed scalding juice sprayed on the bagasse forces it 
to slide into the basket, while the inside ring is slowly rotated. The bagasse 
gradually fills one basket after another. 

The whole Saturne diffuser installation consists of two feeding tables, 
two or three sets of knives, one first extraction mill, the diffuser itself and 
two Sucatlan dewatering devices (Fig. 5.7). Then the partly-dewatered 
bagasse on the way to the boilers passes the final dewatering mill, which 
reduces moisture of the bagasse to ca. 50%. After extraction of ca. 60% of 
juice in the first mill, the bagasse enters the diffuser. On the way downward 
the bagasse is sprayed again with scalding juice and is completely immersed 
in juice when entering the counter-current maceration zone. The scalding 
juice extracts a certain amount of sucrose from the bagasse and raises its 
temperature to 75°C (167°F). The scalding juice and press water are limed to 
the extent that pH 6.5 of juice is maintained in the diffuser. Some macera-
tion juice is withdrawn by a pump to constitute the second scalding juice 
which is pumped back into the diffuser above the maceration zone. The first 
scalding juice is also withdrawn from the maceration tank and is reheated in 
heaters to 85°C (185°F) before being pumped onto Ipagasse entering the 
feeder hopper. At the level where the bagasse leaves tha submerged zone, it 
is sprayed with juice of low Brix. The wet bagasse containing about 85% 
moisture passes through the two Sucatlan dewatering devices, which reduce 
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Fig. 5.8. 5000 t.c.d.-capacity Saturne Diffuser installed at sugar cane factory at 
Ferkessedougou, Ivory Coast (courtesy of Sucatlan Engineering, Paris, France). 

its moisture to less than 65%. From the bottom of the diffuser the diffusion 
juice is withdrawn by gravity through the screen into the maceration tank. 
Withdrawing of juice can be speeded up by a pump. 

A diffuser for 5000 t.c.d. requires a 36 h.p. motor (Fig. 5.8). 

Dewatering Devices 
The Sucatlan Dewatering Device consists of two rollers. The larger roller is 

4.9 ft (1.5 m) in diameter and is located beneath the smaller roller. The juice 
squeezed out of the bagasse penetrates through perforations into the interior 
of the larger roller where it is evacuated from at one end through a series of 
inclined gutters, prior to its reintroduction into the diffuser. 

The smaller roller also rotates around its axis. The diameter is half that of 
the larger one. It is also provided with teeth, but has no perforations and is 
pressed against the larger roller by hydraulic jacks. Both rollers are driven by 
hydraulic motors. Sucatlan dewatering devices require only one-fifth as 
much power as a mill, they do not wear, and are less expensive. These 
devices are automatically controlled in such a manner that the hopper is 
constantly loaded with wet bagasse. 

For 5000 t.c.d. capacity the primary dewatering device needs a 52 h.p. 
motor, and the secondary dewatering device requires 122 h.p. For a smaller 
installation less power is needed. 

The FS Diffuser 

This diffuser is manufactured by Fletcher and Steward Ltd. It is a 
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Fig. 5.9. FS diffuser: (a) schematic drawing of n

th
 diffuser cell; (b) multiple cell arrange-

ment (courtesy of Fletcher and Steward). 

multiple parallel-cell diffuser, in which each cell is inclined at 30° (Fitzgerald 
et al., 1978). The length of the FS diffuser is variable, depending on the 
number of cells. Each cell has two decks, the total length of top and bottom 
decks being 52.5 ft (16 m) (see Fig. 5.9). 

The finely-shredded bagasse, as is generally required for the sugar cane 
diffusion process, enters at the upper end of the first cell and is dragged 
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downward by a chain to which are fastened vertical rakes. The mat of 
bagasse is dragged along the screen top deck to its end, and then drops onto 
the lower deck. At the lower part of the cell the chain reverses its direction 
and moves upward, dragging the bagasse along the bottom deck. At the 
upper end of the bottom deck of a cell the bagasse is discharged by gravity 
through an opening into the next parallel cell. The sprockets of the bagasse-
conveying mechanism are 3.8 ft (1.16 m) with 12 teeth of 1-ft (304 mm) 
pitch for a chain with 1-ft links. The speed of the drive shaft is about 1 r.p.m. 
The bed of bagasse moves at ca. 12 ft min"

1
 (6 mm s"

1
 ), and during the travel 

the bagasse is sprayed with hot juice. Some 35.3 ft
3
 (1 m

3
) of bagasse bed in 

the diffuser contains ca. 176 lb (80 kg) of dry fiber. At least five cells are 
required for a diffuser, but this may be increased up to eleven. An FS dif-
fuser requires a residence time of bagasse of 25—30 min, which includes the 
scalding stage. 

The FS diffuser is designed so that, in each cell, the bagasse mat will turn 
over twice. Because there are two decks in each cell, screen area is much 
larger than the floor space of the FS diffuser and therefore the thickness of 
the bagasse mat can be maintained at not more than about 2 ft (0.6 m). The 
total draft of juice from cell to cell is ca. 100% of sugar cane. The juice is 
collected at the bottom of each cell. The quantity of juice transferred from 
cell to cell is the same and is regulated by overflows between each juice pan. 

The capacity of the FS diffuser can be increased by adding more cells and 
by increasing the speed of conveyors. The FS diffuser requires more power 
than other types of diffuser, because it drags the bagasse mat in each cell 
on the bottom deck upward. An extraction of up to 97% can be achieved on 
the FS diffuser. 

Diffusion Process vs. Extraction of Juice on a Mill Tandem 

It appears that the diffusion process has many advantages over straight 
mill crushing. Regardless of the fiber content of the sugar cane, the sucrose 
extraction using any type of diffuser is greater than 97%, which is very rarely 
achieved on a classical tandem. Since fewer impurities are extracted in the 
diffusion process, the purity of the mixed juice to be clarified is higher, and 
better recovery of sugar is possible. In clarification of juices less mud is 
produced because even in combined crushing plus the diffusion process the 
mixed juice, which is a combination of crusher juice and diffusion juice, is 
cleaner. In the diffusion part of the process, in which residual juices are ex-
tracted from partly exhausted bagasse, the juices are recirculated through 
the bagasse mat, which acts like a rough filter medium. Also, some impurities 
are never extracted because they cannot filter through the semipermeable 
dead membrane of the cells and consequently are left in the bagasse. There-
fore, less impurities and non-sugars reach the mixed juice. The diffusion 
circulating juice, because of having heated above pasteurizing temperature, 
has a minimum of bacteria activity. 
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There is, however, one drawback. Since, in all diffusers, scalding juice is 
heated to about 85°C (185°F) and the average temperature of juice and 
bagasse is approximately 75°C (167°F), it is unavoidable that there will be 
some dissolving of gums and waxes from sugar cane, which are soluble at 
60°C (140°F). This may result in gummy massecuites. For this reason 
hot maceration on the conventional milling tandem is avoided. There is no 
doubt that with hot maceration better extraction could be obtained in the 
straight milling procedure. Since dilute extraction from diffusers is some-
what higher than that from a classical mill tandem, the diffusion process 
may require a larger capacity in the evaporation station. 

From the economic point of view, diffusion is more advantageous because 
both the initial investment and the upkeep are lower than those of the clas-
sical mill tandem. It requires less power and therefore less heating surface in 
steam boilers, and fewer or possibly no mud filters. Comparison of the 
power requirement for grinding 6000 t.c.d. on an 18-roller, 6.5 ft tandem 
with two sets of revolving cane-knives with that required for extraction of 
cane juice by the diffusion process from the same amount of sugar cane 
using two sets of cane-knives, a three-roller crusher, continuous diffuser and 
two dewatering mills can be calculated as follows: 

For the classical tandem, two sets of knives to cut 250 t of sugar cane per 
hour need 400 h.p. for the first set (250 X 1.6) and 475 h.p. for the second 
set (250 X 1.9), and six mills need 4050 h.p. (6 X 675), a total of 4925 h.p. 
For the diffuser: two sets of revolving cane-knives will need 875 h.p., and 
three mills requiring 2025 h.p.; the diffuser itself for 6000 t requires only 
45 h.p. 

Therefore, the total power for the diffusion process is 2945 h.p., or 60% 
of that needed for the classical tandem. The recirculation or maceration 
pumps in both processes will require approximately the same horsepower. 
Hence, the boiler capacity can be reduced by ca. 20 000 ft

2
 of heating 

surface (HS). 
It should be borne in mind that the capacity of a diffuser has to be 

planned in advance, anticipating the maximum grinding rates, since its 
capacity, except that of the FS diffuser, cannot be increased as much as that 
of the classical tandem. The latter can be speeded up, though with some 
sacrifice of efficiency, or an additional set of cane-knives, shredder or mill 
can be installed and the rate of grinding thus increased, although there is a 
limit to that also. 

It is obvious that, today, even very conservative sugar technologists accept 
the diffusion process as standard and logical. Of course, sugar factories which 
at present have big capital investment in good crushing equipment will be 
reluctant to scrap this entirely and replace with the comparatively new pro-
cess of diffusion. However, such factories can adopt one of the combinations 
of crushing and diffusion processes described above. The two or three mills 
removed can be used as spares, or two diffusion tandems can be made out of 
one for greater processing capacity. Conversely, a factory with poor crushing 
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equipment or a new factory can take advantage of one of the diffusion pro-
cesses and eliminate part of the weak tandem. Hence, the diffusion process 
in the cane-sugar industry opens many new possibilities of extraction of the 
juice from the sugar cane. 
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Chapter 6 

WEIGHING OF RAW CANE JUICE 

For accurate control of sugar in the juice entering the raw sugar factory, 
and for the estimation of mill performance and extraction, as well as boiling 
house efficiency (BHE), all incoming raw cane juice must be weighed or 
measured. The standard procedure in a raw-cane sugar factory is to weigh all 
incoming sugar cane mixed juice before it is limed, and raw sugar leaving the 
factory before it enters the warehouse for storage. It would be ideal for 
precise control to also weigh filter-press or vacuum filter mud, water used for 
imbition, and bagasse leaving the mill tandem. However, as a rule, instead 
of actually weighing mud, water and bagasse, the amounts are determined by 
calculation. Therefore, if mixed juice is not actually weighed the whole 
operation of the raw sugar house will depend on guesswork, and losses of 
sugar will not be accurately estimated and located. 

The raw juice can be measured with a flow-meter instead of being weighed 
in a batch operation, but this method is not recommended. Flow-meters are 
satisfactory for measuring water or clarified juice, but raw cane juice carries 
a large and varying amount of suspended matter which will affect the 
accuracy of the flow-meter. 

Manual Weighing 

Several years ago, mixed juices were weighed manually, using a scale with 
two weigh-tanks. While one weigh-tank was being filled, weighed and the 
weight recorded, the other would be discharging juice. All this was per-
formed manually, and the weigher also kept track of the number of weigh-
tanks per shift. The scale was set to weigh a predetermined weight of mixed 
juice, and the weight of each weigh-tank of mixed juice was more or less the 
same. A varying amount of juice and foam remained in the scale tank, but 
the scales were not tared after weighing. The operator rinsed the weigh-tanks 
with water from time to time. 

Because of steady increases in wages, the labor cost of manual operation 
of juice scales has become too high, and for this reason some sugar factories 
have completely abandoned weighing of mixed juice. However, the elimina-
tion of the juice scale is detrimental, because without it accurate factory 
control is not possible. 
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Automatic Scales 

A better alternative is the use of an automatic scale for weighing mixed 
sugar cane juice. There are many good ones of various types now available. 

Maxwell—Boulogne Weigher 

A scale specially designed for weighing raw cane juice, and very suitable 
for this purpose, is the Maxwell—Boulogne Weigher. It has a single weigh-
tank, operates automatically by means of gravity, and requires no power. 
The same weight of juice is discharged at every weighing, and an automatic 
counter registers the number of weighings. The weigh-tank is provided with a 
baffle plate which retains in the tank a certain amount of juice and foam. 
This baffle has a small outlet which permits the retained juice to trickle until 
the weigh-tank reaches the desired tare weight. The moment this occurs, the 
counterweight, which at that instant is in the raised position, causes the 
weighbeam to tilt, raising the weigh-tank with its tare to the filling position, 
closing the discharge valve and opening the feed valve. This scale is equipped 
with a raw cane juice supply-tank and a small liming tank which measures a 
predetermined amount of milk of lime and discharges it simultaneously with 
discharged juice when the scale has tipped. A shock absorber actuates a valve 
in the milk of lime measuring vessel. The Maxwell—Boulogne scale is built 
for varying capacities, and it is very practical for weighing raw juices. 
However, excessive suspended matter in the mixed juice will make the scale 
inaccurate, as the dirt will plug the small outlet in the baffle plate, and pre-
vent the trickling of juice for correct self-taring. 

Howe—Richardson Scale 

The Howe—Richardson Company also builds a raw juice scale with a single 
weigh-tank and supply tank above it (Fig. 6.1). It can be operated manually 
or automatically. The desired weight can be set on an automatic dial and the 
scale will discharge nearly the same amount of juice each weighing with 
automatic cut-off controls. The weight and tare can also be recorded on tape 
and the exact weight of juice calculated. 

Servo—Balans Scale 

An excellent scale for weighing cane juices is built in The Netherlands by 
N.V. Servo—Balans, scale makers (Fig. 6.2). The working of the Duplex 

Fig. 6.1 ( top, facing page). A Howe—Richardson juice scale with a single weigh-tank 
(courtesy of Howe—Richardson Scale Co., Clifton, NJ, U.S.A.). 

Fig. 6.2 (bot tom, facing page). A 125 t h~ ^capacity N.V. Servo—Balans Duplex weigher 
for cane juice (courtesy of N.V. Servo—Balans, The Hague, The Netherlands). 
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weigher is based on the Servo principle which uses the slight force needed to 
move a slide valve to create a greater force to move pistons. In the Duplex 
weigher, the application of this principle activates the poise and totalizer and 
allows the automatic movement of hopper doors or valves. The machine is 
operated by two cylinders using oil pressure. The main characteristic of this 
scale is that during each weighing cycle the weigh-tank is weighed twice, 
firstly when filled and then after emptying, which is taring of the tank. 
Therefore, only the weight of the juice that has actually been discharged 
from the weigh-tank is totalized. The accuracy of the Servo-Duplex scale is 
to one in a thousand. This scale can be equipped with a printing mechanism. 

Toledo Scale 

The Toledo Scale Company manufactures an automatic juice scale with 

Fig. 6 .3 . The Toledo model 2 5 8 2 automatic cane-juice scale, which may also be operated 
manually (courtesy of Toledo Scale Corp., Toledo, OH, U.S.A.). 
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two weigh-tanks (Fig. 6.3). Each weigh-tank is weighed automatically or can 
be operated manually with push-buttons (Fig. 6.4). In the event that the 
supply valves do not close, an overload switch operated from the tare beam 
lever energizes an alarm horn. A limit-switch mounted on the discharge 
valves energizes the same horn in case a discharge valve does not close (Fig. 
6.5). Scales are interlocked for alternate operation. The double adjustable 
mercury magnetic cutoff on each scale is set to a predetermined load weight 
which is within the limit of the indicating dial. The tare poise on each scale 
should be set to allow sufficient heel in the weigh-tanks. This will eliminate 
inaccuracies in load weight caused by juice sticking to the sides of the tanks. 

Fig. 6.4. Partial front view of an installation of four Toledo automatic scales, showing the 
various controls and pilot light panels (courtesy of Toledo Scale Corp., Toledo, OH, 
U.S.A.). 

Foxboro System 

The Foxboro Company has introduced an automatic juice-weighing 
system. In this system two juice tanks are filled and emptied in sequence by 
the synchronized action of the control system. The tankfuls of raw juice are 
counted and recorded automatically. Juice 'head' is determined by 
measuring the pressure required to bubble air into the juice. A pressure 
recorder measures this pressure, which is exactly proportional to the weight 
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Fig. 6.5. Top view of suspended tanks illustrating the various 'thrusters' and solenoid-
operated air valves which actuate the feed and discharge operations of the Toledo 
automatic juice weighing scale at the Fajardo Sugar Company plant (courtesy of Toledo 
Scale Corp., Toledo, OH, U.S.A.). 

of the juice in the tank. Therefore, a tankful of juice always has a known 
weight regardless of changes in Brix or temperature. This type of measure-
ment eliminates the use of weights, levers and pivots. The depth to which a 
tank is automatically filled represents a precise weight of juice. The totalizer 
on the panel registers the total number of tankfuls measured. The difference 
between any two readings of the totalizer multiplied by the weight of one 
tankful gives the total weight of juice. The whole system is operated 
pneumatically. However, the single four-way valve leaks juice very easily, 
a certain amount of juice passing into the liming tank and being unaccounted 
for. The Foxboro system can be improved by replacing the four-way valve 
with two pneumatically-operated foot valves and one swinging feed pipe 
above, operated by a pneumatic cylinder. 
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Chapter 7 

LIMING OF CANE JUICE 

Though often neglected, the liming station is one of the most important 
stations in a raw-cane sugar factory for, without correct liming, good clarifi-
cation cannot be expected. The importance of proper treatment of raw cane 
juices with milk of lime must be kept in mind when a sugar factory is 
designed or modified, and the requisite capacity of liming tanks should be 
provided. The addition of milk of lime to the raw cane juice is a chemical 
treatment, and as in all chemical treatments, the correct procedure must be 
accurately followed. 

Composition of Sugar Cane Juice 

Raw sugar cane juice is composed of a great number of organic and in-
organic compounds, acids, salts etc., in varying amounts. When it comes 
from the mill tandem, the juice is an opaque liquid varying in color from 
greenish-gray to dark green, and it carries suspended matter such as fine 
bagasse (bagacillo), gums, albumin, wax, coloring matter, particles of soil, 
sand, clay and muck. The normal raw cane juice has pH 5.2—5.4. 

Treatment with Lime 

The gums, wax and albumin make the raw sugar cane juice rather viscous 
and it cannot, therefore, be readily filtered when cold. Liming and heating 
cause many impurities in the juice to become coagulated and precipitated 
out. At the same time, the acids are neutralized and any phosphates present 
are flocculated, adsorbing a large amount of coloring matter, colloids and 
other impurities. Usually, the lime is added to the raw sugar cane juice in the 
form of milk of lime, for better dispersion and quicker reaction. 

Quality of Lime 

In preparing the milk of lime it is more advantageous to use already pre-
pared hydrated lime, rather than to burn limestone and slake it at the 
factory. The lime must be carefully selected. It should contain over 95% of 
Ca(OH)2 and not more than 1% MgO, and should be almost free of iron, 
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aluminum oxides and sand. The lime should be finely ground and pass 
through a 400 mesh. Lime which meets these specifications will actually 
be more economical to use than a cheaper grade of lime, because in prepara-
tion of milk of lime of about 5°Baumé all the lime will be in suspension, 
and when dispersed in the raw cane juice it will react much faster with acids 
and compounds in the sugar cane juice. 

Use of Magnesium in Treatment of Sugar Cane Juice 

In sugar factories where scaling of evaporators is excessive, lime can be 
replaced partially or wholly by magnesium or compounds containing it. It 
can be mixed in different proportions with lime. The pH of treated juice 
should not exceed pH 8.0—8.5, as in the straight liming method. Clarified 
juice which is treated with magnesium, or partially, will have a smaller drop 
of pH than when treated with lime alone. The reaction of magnesium with 
raw juices is slower than that of lime, and therefore the treated juices must 
be stirred for not less than 20 min. Clarification with magnesium oxide is not 
as good as with lime, and turbidity of clarified juices is higher. On the other 
hand, the clarification rate is faster than with lime, less mud is formed, and 
the evaporator tubes remain clean longer. 

Treatment with Lime Saccharate 

The advantages claimed by some technologists for treatment of juices 
with lime saccharate instead of milk of lime are dubious. In one raw sugar 
factory the elimination of this process resulted in an immediate decrease of 
undetermined loss. 

Preparation and Use of Lime 

Preparation of Milk of Lime 

In the preparation of milk of lime, dry lime is added to water in a tank 
equipped with a slow-moving agitator. To avoid too much handling, the milk 
of lime can be prepared at 15° Baume". This station should comprise two 
equal size tanks, one for 15° Baume milk of lime and the other for milk of 
lime diluted to 5° Baume. Thus, one tank will hold a supply of milk of lime 
at 15° Baume for 24-h production, and the other, containing diluted milk of 
lime of 5° Baume, will be sufficient for 8-h production. The tanks should be 
provided with long-arm stirrers revolving at a rate of 8—15 r.p.m. Normally, 
between 1—1.6 lb of lime are used per ton of cane. Hence, for each 1000 t of 
sugar cane ground per day, 600 gal of milk of lime at 15° Baume (2500 1 per 
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10001) will be required. For 3000 t daily grinding, it is advisable to have two 
tanks of 2000 gal (ca. 7500 1) each. If the grinding is doubled, the same 
tanks can be used, but the 15°Baume milk of lime will have to be prepared 
every 12 h instead of once every 24 h. 

Different Liming Methods 

There are three possible procedures for liming: cold, hot, and fractional 
liming and double heating (FL and DH). Cold liming appears to be the best 
method for treatment of raw sugar cane juice prior to the clarification 
process. The danger of sucrose inversion is reduced to a minimum, since the 
juices are neutralized before they are heated to boiling temperature. Besides, 
lime is more soluble in cold juices than in hot. With an increase in sucrose 
content of the cane juice, the solubility of lime also increases. Cold liming, 
however, requires a special technique and will give the best results only when 
the liming station is properly installed and operated. As mentioned above, 
lime is the most effective material to combine with phosphates, acids and 
impurities in sugar cane juice and form mud which settles in clarifiers. 

As all chemical reactions require a certain time to complete, especially in 
the cold, the contact of milk of lime with mixed raw cane juice before it is 
heated must be for a minimum of 15 min, and preferably 20 min. If the 
length of contact of milk of lime with cold mixed juice is insufficient, a 
certain amount of lime will remain free and will tend to precipitate upon 
heating, causing scaling of heaters and evaporators. When milk of lime is 
mixed with raw mixed juice, it forms a mechanical mixture, and a desirable 
pH may be indicated, but the actual reaction does not take place if the mix-
ture is heated too soon. For this reason, stirring for 15—20 min is necessary. 
If the correct amount of lime is added to the cold raw mixed juice and it is 
given sufficient time to neutralize the acids and to form compounds with 
non-sugars (which will be precipitated in the clarifier), there will not be any 
appreciable drop in pH of the clarified juice or, at a later stage, in the syrup. 
Contact of milk of lime with cold raw juice for 20 min gives very satisfactory 
results in purification and clarification of cane juices. 

Some sugar cane juices are deficient in available P2O s, and lack of phos-
phates affects the clarification process unfavorably (see Chapter 8). 

Mixing Milk of Lime with Juice 

During liming, the mixed cane juice must be stirred continuously to 
disperse milk of lime properly and evenly throughout the juice (Fig. 7.1). 
After all the required milk of lime is added, the juice must be thoroughly 
mixed by means of a mechanical stirrer. The stirring must be gentle in order 
to reduce breaking of the nucleus of floe which is beginning to appear in the 
liming tank. However, a certain amount of floe will unavoidably be broken 
by the centrifugal pump. The speed of the stirrer in liming tanks should not 
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Fig. 7.1. Scheme for a three-tank juice-liming station. This can be operated using only a 
single juice scale. 

exceed 60 r.p.m., preferably slower if the stirring arms of the agitator are 
long and give a full sweep in the liming tank. The liming tank can be provided 
with vertical baffles which will assist mixing. Any kind of air agitation must 
be avoided, because cane juice already contains a large amount of air, and ex-
cess air will cause problems in the clarifiers, and prevent proper settling of 
mud. When the cane juice is heated, the expanded air will tend to escape 
from the juice into the atmosphere, and the bubbles rising through the juice 
will disturb settling of mud. 

Capacity of the Liming Tank 

The capacity of the liming tank in delayed liming will depend on the 
amount of sugar cane ground per hour, calculated on a 20 min retention 
time. A single tank can be used for liming, and if the juice is removed by 
overflow, then to prevent short-circuiting, the juice and milk of lime should 
be fed into the tank through pipes extending toward the bottom and center 
of the tank. The liming station may also be composed of two, three or even 
four tanks in series, the juice flowing from one tank to another by overflow. 
The tanks must have dividing baffles which stop 4—5 ft from the bottom to 
leave a passage for the juice (see Fig. 7.1). Only the first tank need be 
equipped with a stirrer, unless the juice has an excessive amount of sand or 
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heavy inorganic suspended matter. In this case, a stirrer should be provided 
in each tank to maintain extraneous matter in suspension, and liming tanks 
should be cleaned and steamed periodically. 

Preliming and pH Control 

For more precise results, and in order to prevent strain on the automatic 
pH meter, the mixed juice should be prelimed with a predetermined amount 
of milk of lime. It is too much to expect of an automatic pH meter for it to 
correctly adjust and control the total amount of milk of lime to be added to 
mixed raw cane juice which has to be limed from ca. pH 5.2 to ca. pH 8.0. 
Since the pH of raw cane juice does not generally vary by more than 0.5 pH 
units, the work of the automatic pH meter should be confined only to this 
range. In order to establish the required amount of preliming, 11 of raw juice 
can be titrated with diluted milk of lime until the desired pH is reached. 
It may be within 0.5 pH of the final pH desired for juice leaving the liming 
tank. This established volume of preliming can be easily calculated per ton 
of juice and added in a continuous stream when the rate of grinding has been 
established and dilute extraction is known, or it can be added by batch as 
with the Maxwell—Boulogne juice scale where a certain amount of milk of 
lime is added with each discharge of the scale. Therefore, the largest portion 
of milk of lime should be added continuously into a surge tank, and only a 
small portion should be added by the automatic pH regulator into the liming 
tank for exact pH control. The excess of milk of lime from the automatic 
controller must be continuously recirculated into the liming storage tank 
containing 5°Baumé milk of lime. For exact control of pH, a continuous 
sample of juice should be taken from the pipe line leading to the heaters, 
since it is of primary importance to know the pH of cane juice leaving the 
liming station. 

Insufficient Liming 

If the juice is insufficiently limed, the pH meter will increase the flow of 
milk of lime into the tank to adjust it to the desired pH. If the juice is over-
limed, the pH meter will not add any additional milk of lime, and the excess 
of pH will be shown on the recording chart, in which case manual pre-liming 
can be slightly modified. If the pH meter is in good operating condition and 
properly adjusted, it should not be difficult to maintain a constantly 
uniform pH of limed juice. 

Excess of Lime 

An excess of lime should be avoided. All the lime used in excess of the 
amount required to neutralize the acids and precipitate impurities has a 
destructive action upon reducing sugars, which are transformed into soluble 
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lime salts which increase the color and viscosity of cane juices. In other 
chemical reactions, excess lime upon heating attacks reducing substances to 
produce acids which may further invert sucrose. 

Leuconostoc infection 

Sometimes cane juices are infected with Leuconostoc bacteria, which 
produce a gummy substance called dextran (C6H1 0O5)n. This gum is produced 
by the Leuconostoc fermentation and frequently occurs in sugar cane 
damaged by frost or insects. Leuconostoc bacteria develop very rapidly in 
cold alkaline juice and only very slowly in a neutral or acid medium and they 
quickly become lodged in pipes, elbows and valves. If this infection occurs, 
the bacteria can be destroyed by thoroughly steaming the tandem conveyors 
and receiving tanks, and pumping unlimed acid sugar cane juice through juice 
heaters to clear the system. Heating juices to the boiling point or disinfection 
with a 1% ammonium fluoride solution also kills Leuconostoc.Busan 881* 
can be used for sanitation of a tandem. Normal liming can be resumed after 
the system between tandem and clarifier has been cleaned. 

Liming Hot Juices 

The liming of hot juices was introduced into the sugar industry for the 
purpose of destroying the Leuconostoc bacteria by heat before liming, 
which creates an alkaline medium in which the bacteria develop rapidly. 
However, heating the raw sugar cane juices to a high temperature prior to 
liming is dangerous, since raw juice has a low pH, and substantial inversion 
of sucrose can occur. Proper sanitation of mill tandem and periodical 
steaming will prevent infection of juice with Leuconostoc bacteria, and 
therefore liming hot juices is not necessary at all. 

Fractional Liming and Double Heating 

The 'FL and DH' method was once considered very effective for treat-
ment of refractory juices. In the FL and DH process, the raw sugar cane juice 
is limed to ca. pH 6.1-6.4 then heated to 100°-104°C (212-220°F) and 
limed again to pH 7.4—7.8. This method precipitates reversible colloids, but 
heating acid juices to a high temperature produces inversion and losses of 
sucrose. In some cases, the loss in sucrose may be preferable to poor clarifi-
cation of refractory juices and long retention of juices in clarifiers at a high 
temperature, which also results in unavoidable destruction of sugar. 

With modern continuous clarifiers and varieties of sugar cane which rarely 
have refractory juices, the FL and DH process has fallen into disuse. 

•Active ingredients: disodium cyanodithioimido carbonate, 12.7%; ethylene-diamine, 
4.8%; potassium N-methyldithiocarbamate, 17.5%. 
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Treatment of Diffusion Juices 

In the diffusion process, in which residual juices are limed and clarified 
and recirculated through the continuous diffuser,the juices withdrawn from 
the diffuser have a pH of ca. 6.0, and temperature about 70°C (158°F). 
This so-called 'diffusion juice' is mixed with cold crusher juice. The mixture 
will have a little higher average temperature than that of ordinary raw cane 
juices and the cold liming technique can be used. 

Heating of Limed Juice 

Before limed juice is sent to the continuous clarifier, it must be heated to 
104-107°C (220-225°F) in heaters (Fig. 7.2). The heaters can be divided 
into primary and secondary heaters. In primary heaters the limed juice is 
preheated to about 82—93°C (180—200°F) with the vapors from the second 
body evaporator, and in secondary heaters to 104—107°C (220—225°F) with 
the vapors from the first body evaporator or pre-evaporator. The heating 
surface (HS) in heaters must be 1.2—1.5 ft2 per short ton of sugar cane 
ground per day (0.12—0.15 m2 HS per tonne of cane). The amount of 
steam required to heat one ton of cold limed juice to 104°C is ca. 280—300 
lb (127—136 kg) of steam. Hence, the HS necessary for a sugar factory 
grinding 5000 ted is 6000—7500 ft2 in capacity of heaters* (544—680 m2). 

Fig. 7.2. Cane juice heaters (courtesy of Glades Sugar House, FL, U.S.A.) . 
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Chapter 8 

CLARIFICATION OF CANE JUICE 

Every sugar technologist knows that, without good clarification of sugar 
cane juice, the production of good quality raw sugar is impossible. The pur-
pose of clarification is the precipitation and removal of all possible non-
sugars, organic and inorganic, and the preservation of the maximum sucrose 
and reducing sugars possible in the clarified juice. Poor clarification of cane 
juices complicates the entire process of sugar manufacture. In many cases 
where juices remain dirty after prolonged settling, it is necessary to stop 
grinding and allow additional time for settling the mud. This quite often 
occurs in raw sugar factories which receive mechanically-harvested or 
mechanically-loaded sugar cane, a subject discussed in Chapter 3. Generally, 
when difficulties in clarification and settling of mud arise, it is recommended 
to increase the capacity of the clarification station by installation of addi-
tional continuous clarifiers. However, excessive capacity in clarifiers may 
result in loss of sugar. Therefore, increase in settling capacity must be care-
fully planned and the different factors taken into consideration. The greatest 
part of sugar cane juice is water and organic compounds, mostly sucrose, 
dextrose and lévulose, the last two supposedly in equal amounts. There are 
other less important reducing substances present, and approximately 0.5% 
of the cane juice consists of soluble inorganic compounds or ashes. A certain 
amount of fiber, mainly cellulose, also remains in sugar cane juice after 
crushing, which passes through the cush-cush screen in the form of so-
called 'bagacillo'. The raw cane juice is generally limed to ca. pH 8.0 in order 
to obtain clarified juice of about pH 6.8—7.2. 

Clarification Process 

Importance ofP2Os in Clarification 

In the clarification of sugar cane juices the presence of an adequate 
amount of phosphoric acid is very important. Insufficient available P2Os in 
the cane juice is one of the causes of poor clarification. The amount of P2Os 
present in cane juice must be no less than 300 ppm. If the juice is deficient 
in P2Os, it must be made up to this minimum before liming. The P2Os added 
to the cane juice can be in the form of phosphoric acid (H3P04) 85% syrupy, 
mono-calcium phosphate (CaH4(P04)2 · H20) or tri-calcium phosphate 
(Ca3(P04)2), which is of the fertilizer type. The latter two should be 
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prepared in aqueous solution in a small tank or wooden barrel. It takes some-
what longer to leach P2Os from tri-calcium phosphate. All of these phos-
phates contain ca. 48% of available P2O s. The juices treated with phos-
phates should be limed to pH 8.0—8.5. Formerly, this was presumed to 
form tri-calcium phosphate directly, but according to Carpenter (1965), the 
reaction produces a mixture which seems to be octa-calcium phosphate 
pentahydrate and hydroxyapatite, with sometimes a little anhydrous 
dicalcium phosphate present. 

There are other clarifying agents on the market, which in some cases may 
improve the quality of clarified juice, but on the whole it has not yet been 
proven that any product is more beneficial to clarification than phosphoric 
acid and lime. It must always be remembered that phosphoric acid should be 
added before liming. 

Temperature for Clarification 

Another important factor in the clarification process is the temperature. 
The limed raw juice entering the clarifier should be heated in heaters to 
104°C (220°F), slightly above the boiling point of cane juices of 13—16° 
Brix. At this temperature the viscosity of cane juices is reduced, and when 
juice passes through the flash tank, the occluded gases are eliminated. At a 
lower temperature, clarification becomes more difficult because of slower 
settling of suspended matters in juice. Elevated temperature is important 
because it aids the necessary coagulation of albumin and nitrogen substances 
and flocculation of lime and phosphates in juice. On the other hand, high 
temperatures lead to destruction of invert sugar. With increasing pH and 
rising temperature the rate of invert sugar destruction increases. The stability 
of invert sugar is maximum at pH 3.0. 

Destruction of Invert Sugar 

Sucrose is quite stable and at above pH 7.0 can withstand quite high 
temperatures. There is, however, a danger of destruction of invert sugar, 
which in the presence of an excessive amount of lime forms acids which 
lower the pH and cause inversion of sucrose. Inverted sucrose will form more 
organic acids, which in turn produce further inversion. This will increase 
losses of sucrose in final molasses, because sucrose will have a tendency to 
replace the lost invert sugar, and therefore the yield in crystallized sugar will 
decrease (see Chapter 13). 

Variations in pH in the Clarifier 

It has often been observed that the pH of juices in clarifiers varies in dif-
ferent compartments. If liming has not been correctly executed, the varia-
tion will be sufficiently great as to produce overliming of juices in some 
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clarifier compartments and underliming in others. Hence, the destruction of 
invert sugars, the formation of acids and the inversion of sucrose will occur 
in some compartments, while in others sucrose inversion will be induced 
because of low pH. 

Effect of Retention Time on Juices 

The retention time of juices in clarifiers at high temperature has a great 
effect upon the juice and its components. If the juices are refractory, or con-
tain a large amount of suspended matter of low density, it may seem logical 
to retain the juice as long as possible in the clarifiers. For this reason, many 
sugar factories install clarifiers of excessive capacity, especially in cane sugar 
factories which grind mechanically-harvested or loaded cane. Because of the 
larger capacity of the clarifiers, and the consequent excessive retention time, 
the vicious circle of destruction and inversion begins. Hence, excessive 
capacity should be avoided in order to preserve the sucrose, dextrose and 
lévulose of the raw juice. Other means can be found to eliminate the exces-
sive mud which was brought with sugar cane from the fields. 

Purity of Clarified Juice 

Increase of Apparent Purity of Clarified Juice 

In many sugar factories, a rise of apparent purity can be observed in the 
juice after clarification. This is due to destruction of lévulose (levorotatory 
sugar) which polarizes to the left, leaving dextrose, which is a more stable 
sugar and is dextrorotatory, and therefore polarizes to the right. Its polariza-
tion adds to the polarization of sucrose and results in a higher apparent 
purity. Also because of a destruction of lévulose and formation of acids the 
Brix of juice decreases and this also increases apparent purity. Actually, 
apparent purity should remain without much change. If true purity is deter-
mined by the Clerget method, there is no appreciable difference in purities 
of raw cane juice and clarified. 

Glucose Ratio 

In many raw sugar factories, inversion is measured in terms of the Glucose 
Ratio 

Percentage reducing sugars X 100 
Glucose Ratio = 

Percentage sucrose (Pol.) 
This formula has little value for determination of inversion. If lévulose is 
destroyed during the process of clarification, the Pol. will increase and there-
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fore the Glucose Ratio will decrease. However, inversion of some sucrose 
may occur meanwhile, forming dextrose and lévulose. Therefore, it is pos-
sible that by destruction of both sucrose and invert sugars the relation be-
tween the two sugars may remain the same, though there has been inversion. 
Most sugar factories show a decrease in Glucose Ratio from mixed juice to 
clarified juice, and an increase of apparent purity. 

Ash Ratio 

The Ash Ratio, which is sometimes used to indicate whether direct polari-
zation has decreased, is inaccurate for the same reason as is the Glucose 
Ratio. 

Sugars per 100
6
Brix 

A better indication of inversion than those described above is to compare 
total sugars in mixed and clarified juices. Since the amount of invert sugar in 
mixed juice is rather small, it will not affect direct polarization appreciably 
and therefore (D.Pol+invert) can be considered as the total sugars, and 
should be calculated for solids, or 100°Brix. The losses of sucrose, reducing 
sugars or Brix in clarified juice or syrup can be determined using the 
Chloride Ratio method (Davis et al.). 

Preservation of Juices During Shut-down 

When sugar factories stop operating over the weekend for cleaning evap-
orators and heaters, the drop of apparent purity of clarified juice is usually 
very great. Normally, before grinding ceases, the lime dose in the liming sta-
tion is increased, and the juice which remains in clarifiers is overlimed. When 
grinding is resumed, there is a considerable increase in color of clarified juice 
and decrease in purity, indicating a large loss of sucrose. The pH also drops, 
which shows the formation of acids. 

To prevent loss of sugar, the following procedure should be used: the 
mixed juice should be limed as usual, and 3—4 h before shut-down, the pH 
of limed juice should be raised, not by excess of lime, but by adding soda 
ash (Na2C03). When grinding is resumed, a slight increase in color of 
clarified juice and a small drop in pH will be observed. However, purity will 
remain practically unchanged. In one factory, during eight shut-downs the 
average apparent purity of clarified juice before shut-down was 82.8% and 
apparent purity at the beginning of grinding after shut-down averaged 
75.07%. In the same factory, after shut-down 25 lb of sodium carbonate per 
1000 gal of clarified juice (3 kg per 1000 1) were gradually added to the 
draw-off box, and clear juice from all compartments was circulated for three 
or more hours. Because the experiments were conducted at the end of the 
crop, the apparent purities were higher, and the following results were 
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obtained: apparent purity of clarified juice before shut-down was 87.63 
and the pH 6.4; after soda ash was added and at resumption of grinding the 
apparent purity was 87.76 with the pH 7.20. The same practice was 
adopted in other raw sugar factories with similarly good results. 

Cleaning 

Liquidation 

It is very important that continuous clarifiers be liquidated during the crop 
from time to time for thorough cleaning, the more often, the better. The 
period of operation of clarifier without liquidation should not exceed six 
weeks. 

During continuous clarification, most of the mud which settles on trays 
in the clarifier is removed by 'squeegees' and finds its way into the mud 
thickening compartment, from which it is removed by diaphragm pumps. 
Nevertheless, a certain amount of mud always remains on the trays. Mud is 
the perfect medium for development of microorganisms. Thermophilic 
bacteria can withstand 125°C (257°F), a temperature higher than is ever 
attained in the clarification process. The microorganisms, growing and multi-
plying in the mud which is not removed by the squeegees, after a certain 
period of time produce gases which eventually find their way toward the 
surface, and in moving upward produce a disturbance in the clarifier and 
prevent settling of the lighter type of mud. 

Cleaning the Trays 

To improve scraping of mud from trays in the clarifier, a chain can be 
attached to the scraper arm near the central shaft and at the end of the arm. 
This chain should lie at an angle of ca. 30° with the tray top for maximum 
drag effect. The type of chain recommended is 0.25 in (6.35 mm)-thick 
logging chain, having eight links per foot. One dragging chain for each 
settling tray is sufficient. 

Screening 

Screening of Juices 

Thorough screening of raw juices is not advisable. A certain amount of 
bagacillo should be eliminated in cush-cush, but complete removal of 
bagacillo before clarification acts adversely upon settling. However, screening 
of clarified juice is beneficial for crystallization of sugar and further refining 
of raw sugars. 



124 

Screening of Clarified Juice 

After clarified juice leaves the continuous clarifier it should be screened 
to remove bagacillo and fine suspended particles, especially when the raw 
sugar factory refines its own raw sugar. Screened juice will produce better 
quality raw sugar which is easier to refine. Bagacillo embedded in the crystal 
will affect good clarification in the refinery, slow the filtration process and 
increase color upon heating. 

Among the different types of screen for clarified juice are rotary and 
rectangular vibrating screens. One of the most effective screening machines 
for juice is the Sweco Vibro-energy Separator (Figs. 8.1 and 8.2), which has a 
vibrating and gyratory motion. The screened juices acquire a slightly 
increased color because of oxidation, but this is offset by improved clarity 
and brilliancy of juice, which is important to produce high quality raw sugar. 

Types of Continuous Clarifier 

Stationary batch clarifiers for juice have been replaced almost everywhere 
by continuous clarifiers. The better known of these on the market are 
RapiDorr 444, the Graver clarifier and "Prima Sep" (both manufactured by 
Graver), Bach clarifier, an improved version of which is the Poly-Cell 
clarifier, and BMA clarifier. 

Screens 

.oversize 

upper weight 
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springs 
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•angle lead 
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Fig. 8 .1 . Cutaway of Sweco Vibro-energy Separator (courtesy of Southwestern 
Engineering Co., Los Angeles, CA, U.S.A.). 
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Fig. 8.2. Installation of Sweco separators in the Pennick and Ford plant at Harvey, 
Louisiana (courtesy of Southwestern Engineering Co., Los Angeles, CA, U.S.A.). 

RapiDorr 444 

RapiDorr 444, manufactured by the Dorr-Oliver Company, is a four-
compartment machine with a small-diameter feed chamber at the top (Fig. 
8.3). It also has a foam removal apparatus. The feed is distributed to the 
various compartments through a hollow rotating central tube, which is 
divided vertically. The raw juice is introduced evenly into all four compart-
ments. At each point of introduction, there is a large-diameter feedwell for 
uniform feeding and flocculation. The RapiDorr 444 is actually four single-
compartment clarifiers superimposed one above the other. There are one or 
two separate pumps for mud withdrawal. Clarified juice is withdrawn from 
all four compartments. The limed juice is introduced at the center and flows 
outward at a decreasing velocity. Settled muds are moved inward for better 
concentration by blades attached to the arms, which are flexibly connected 
to the central feed tube. 

Normal range of capacities will be in the range 0.70—0.80 ft2 (0.065— 
0.0743 m2) of thickening area per ton of cane per day, or 24—28 gal (80.8— 
106 1) capacity by volume per ton of cane ground. The variation in volume 
depends on cleanness of sugar cane. The minimum retention time recom-
mended is 2 h, and the maximum is 3 h. To avoid losses of sugar in the clarif-
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Fig. 8.3. The RapiDorr 444 clarifier (courtesy of Dorr—Oliver Co., Stamford, CT, U.S.A.). 

ication process, the minimum retention time is desirable. To start operation 
of the RapiDorr 444 clarifier, the connecting valves between all compart-
ments must be open. Consequently, at the start it is operated like a conven-
tional machine. After the overflow rate is established, the valves are closed 
and the RapiDorr 444 is operated as four separate clarifiers, with the con-
comitant benefits of mud concentration and ease of removal. 

Graver Clarifier 

The Graver clarifier has trays slanting toward the periphery. The theory 
is that settling mud acts as a filtering medium on its way downward. Instead 
of being concentrated on each tray, the mud is dispersed, and thickening 
occurs at the bottom compartment. 
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Prima-Sep Clarifier 

The Prima-Sep clarifier has retained the principles of the Graver clarifier, 
but with modifications. The upper tray slants downwards toward the center 
where primary mud thickens and is removed through a separate mud sump 
into the main sump which is located at the bottom. The other trays are 
slanted toward the periphery, and are progressively smaller in diameter from 
top to bottom (Anon., 1960). 

BMA Clarifier 

The BMA continuous clarifier for sugar cane juice comprises a cylindrical 
container of sheet steel with a conical bottom inclined at a 10° angle (Fig. 
8.4). The cover supports both drive and center shaft. The clarifier is divided 
into several compartments with conically inclined trays. For a larger grinding 
rate, the clarifier is bigger. It has one inlet compartment and five 
clarifying compartments, with the bottom one higher for mud concentra-
tion. Each tray is employed for settling of mud. The mud is discharged from 
the trays into the mud cone by arms at each compartment. The arms are 

Fig. 8.4. The BMA continuous cane-juice clarifier (courtesy of BMA, Braunschweig 
G.F.R.). 
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driven by a central shaft, the driving assembly of which is mounted on the 
top of the clarifier. 

Unclarified limed sugar cane juice heated to a minimum temperature of 
103°C (218°F) is fed through a distributor device to two or more clarifiers 
through an inlet installed tangentially to the inlet compartment. The froth is 
diverted into the froth channel by two skimmers and conducted to the mud-
thickening compartment. The clarifying process begins in the inlet compart-
ment, so that preclarified juice is introduced into the five clarifier compart-
ments through the hollow shaft. When entering each compartment, the 
kinetic energy of the slow-flowing juice is converted to a perfectly laminar 
flow. An immediate settling of the coarser solid particles into the scum cone 
is accomplished, so that the settling area is required only for the settling of 
the fine particles. The clarified juice is withdrawn at the outer periphery of 
each compartment, at eight points at the highest level, by a piping system to 
one draining pipe to an overflow box located on the service platform. The 
overflow from each draining pipe is adjustable in height, so the quantity and 
clarity of the juice withdrawn from each compartment may be controlled 
very accurately. For each draft of the clarified juice sample valves are 
provided. 

Poly-Cell Clarifier 

A completely new design of continuous clarifier for cane juice is in-
corporated into the Bach Poly-Cell clarifier (Fig. 8.5). It is a cylindrical tank 
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with a steep conical bottom which is the mud compartment and thickener. 
Inside the clarifier there are many vertical pipes on which are mounted a 
very large number of settling chambers. These are small, steeply inclined 
cones with open bottoms, and there may be as many as several thousands of 
them spaced closely (ca. 3 in). The mill juice, conventionally treated by 
liming and heating, enters the clarifier, and mud settles on the surface of the 
cones. Under the cone at the top there is a small perforation in the 
supporting pipe, permitting clarified juice to run into the pipe, while the 
settled mud slides readily from the steep cone surface and flows down into 
the mud compartment. If only one inch of juice in the upper end of a cone is 
clarified, the juice runs clear from all the small settling chambers, and for 
that reason the retention time in the clarifier is claimed to be only one half 
or a third of that in a conventional tray type clarifier. Because of the short 
retention time, losses of sucrose by inversion are greatly reduced, there is a 
smaller drop of pH and therefore less lime is required, which consequently 
reduces scaling of evaporators. 

Clarification 

Volume of Clarified Juice 

It should be remembered that the total volume of clarified juice is some-
what larger than the volume of raw mixed juice per ton of cane, because a 
certain amount of juice withdrawn from the clarifier with mud is returned to 
the liming station with the addition of some wash-water from the mud 
filters. 

Coagulants 

Among coagulants used to improve clarification of refractory juices is 
Separan AP-30. Also, Hodag flocculants (Floes 411, 422 and 433) of high 
molecular weight polyacrylamide polymers are effective in coagulation and 
flocculation. Because of their high activity, only a few ppm are required. 
Those products increase the rate of floe formation and rapid settling of mud, 
which is easily filtered and washed. High molecular weight polymers are 
slow-dissolving, and therefore correct installation must be provided for the 
preparation of stock solutions. 

Another anionic polymer, Sucrofloc 275, used for clarification of sugar 
cane juices is manufactured by Drew Chemical Corporation. 

Fig. 8.5 (facing page). Bach Poly-Cell clarifier shown during conversion at Glades Sugar 
House, Florida. A great number of small cones are already installed (courtesy of Glades 
Sugar House, Belle Glade, FL, U.S.A.). 
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Addition of Electrolytes to the Mud 

Electrolytes in amounts of a few ppm can be added to the settled mud 
(Rapi-Floc and Eimco process). The filtrate returned to the liming tank, 
however, carries a sufficient amount of electrolytes. 

Clarification Optimization 

Each type of continuous clarifier for sugar cane juice can produce good 
quality clarified juice with the required brilliancy and clarity, provided it is 
properly operated and raw cane juice is correctly treated. To accomplish 
this, the following recommendations are made: 

(1) In case the sugar cane is mechanically harvested and loaded, and there-
fore contains a large proportion of field dirt (which may be sand, clay, muck 
etc.), it is advisable to wash the cane prior to processing, or clean mixed 
juices to prevent excessive retention of hot juice in clarifiers, or the sugar 
cane can be dry cleaned by fans blowing air. Today, such fans are installed 
in the harvester 

(2) If cane juice is difficult to clarify it should be treated with phosphoric 
acid before continuous liming. In some cases poly-electrolytes can be used to 
increase rate of coagulation. However, exaggerated doses may affect boiling 
of low-grade massecuite. 

(3) There must be correct liming and proper contact time to accomplish 
complete reaction and flocculation. 

(4) Prior to clarification the cane juice must be rapidly heated to 104°C 
(220°F), and pumping of juice must be uniform. The hot juice must flow 
through the flash tank and gases must be separated from the juice. 

(5) The pH of cane juice must be the same in all compartments of the 
clarifier. 

(6) The retention time in the clarifier should be as brief as possible (2—3 h 
or less). 

(7) Clarified juice should be screened and adjusted if necessary to ca. 
pH 6.8—7.2 with a small amount of soda ash (Na2C03) before it is reheated 
and pumped to evaporators. 
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Chapter 9 

FILTRATION OF MUD FROM CLARIFIERS 

During the process of clarification, the suspended matter and heavy 
particles coagulated by lime and heat settle on the surface of clarifier trays in 
the form of sludge, or 'mud' as it is called. This mud is removed from the 
clarifier trays into the mud-thickening compartment with long arms to which 
squeegees are attached. From the thickening compartment of the clarifier 
the mud is lifted, by means of suction diaphragm pumps, into the mud box, 
from which it flows by gravity to the mud filter station. The consistency 
of the mud varies from very heavy to very light. A small amount of 
milk of lime can be added to the mud, making it more granular and 
improving filtration, but the pH of the limed mud should not exceed 
8.5. Still better filterability can be achieved with the pH as high as 11.0, 
but the danger of destroying reducing sugars and increasing dissolved calcium 
salts makes this inadvisable. 

Filters 

The filterability of mud was particularly important when filter-presses 
were in general use for mud filtration (Fig. 9.1). However, filter-presses have 
been largely replaced by vacuum rotary filters. The advantage of filter-
presses is that mud filtrates do not have to be returned to the liming tank or 

Fig. 9 .1 . Old-fashioned filter presses. The labor and maintenance costs preclude their use 
in modern sugar cane factories. 
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be otherwise treated, but can be sent directly to evaporators along with 
clarified juices, and possibly more sugar could be recovered from muds. On 
the other hand, there are a number of disadvantages, such as the floor space 
occupied by filter-presses, the time lost for 'sweetening-off, cleaning and 
redressing (which takes ca. 50% of the working time of each filter-press), the 
necessity for washing of filter cloth, the inconvenience and difficult work for 
filter-press operators, and the large number of workmen necessary at the 
station, with resulting high labor cost. 

Mechanical filters such as Fas-Flo have been tried on a small scale to re-
place the regular filter-presses, but very little is known about their 
performance for this work. 

Rotary Vacuum Filters 

Rotary vacuum filters are now in almost universal use in cane sugar 
factories for filtration of the mud from clarifiers. All rotary vacuum filters 
are built on the same principle as the Dorr—Oliver vacuum rotary filter (Fig. 
9.2). Eimco and BMA drum rotary vacuum filters also are well known in the 
sugar cane industry (Fig. 9.3). The Dorr—Oliver rotary vacuum filter drum 
has 20 individual sections for 3.048 m (10 ft) diameter units and 16 sections 
for 2.438 m (8 ft) diameter units, to which a vacuum is applied. During one 
revolution of the drum there are three phases. When the filtering chambers 
are submerged in the mud constant-level feed tank, a low vacuum of ca. 380 
mm (15 in) is applied to these chambers. This vacuum is sufficient to suck 
muddy juice into the filtering chamber and by suction to maintain the mud 
on the surface of perforated plates of the drum, forming the mud cake. The 
cloudy juice is directed into the juice receiver. When chambers are leaving 
the mud constant-level tank, the vacuum in them is increased to ca. 530 mm 

a 
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Fig. 9 .2. Rotary vacuum filter: (a, facing page) general installation of rotary vacuum 
filter; (b) section of rotary vacuum filter (courtesy of Dorr—Oliver Co., Stamford, CI, 
U.S.A.). 

Fig. 9.3. BMA rotary cell-less filters with filtering surface of 35 m 2 (377 f t2 ) (courtesy of 
BMA, Braunschweig, G.F.R.). 
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(20 in). At the same time, the filtering chamber is reaching the washing zone, 
where the cake is washed with water. At this point the juice mixed with 
wash-water is sucked into the filtering chamber. This diluted juice is much 
cleaner than the original juice, but it is not clean enough to be mixed with 
clarified juice and to be sent directly to evaporators. Usually, cloudy juices 
and juices from the second phase are mixed together and are returned to the 
liming tank. When the filtering chamber has passed the washing and drying 
zones, the vacuum is broken and the final desugared cake drops freely or is 
scraped from the drum surface (Fig. 9.4). 

Fig. 9.4. Rapi-Floc filter, showing method of cake discharge (courtesy of Dorr—Oliver 
Co., Stamford, CT, U.S.A.). 

It is necessary to keep the filtering chambers and tubes for juice evacua-
tion clean at all times and the screens also. If tubes are plugged there will be 
insufficient vacuum, and the filter will function inefficiently. 

Dextran 

The Leuconostoc bacteria which form dextran, a viscous gelatine-like 
gum, may prevent good filtration. If dextran is observed in the mud cake, 
the whole system from the tandem on must be liquidated, cleaned and 
steamed before normal operation is resumed. 

The surface of the drum of a rotary vacuum filter is covered with 
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perforated stainless-steel plates, and unless it is covered with some type of 
filtering cloth, or precoated with filter-aid, it is not a filter in the strict sense 
of the word, but rather a rough separator of dry and liquid phases of mud. 
Consequently, effluent juices from vacuum filters are seldom clear enough to 
be sent directly to evaporators together with- clarified juices without being 
reprocessed. 

Mud Filtration 

Preparation of Mud for Filtration 

In preparation of mud for filtration on vacuum rotary filters, it is mixed 
with bagacillo to a heavy consistency, in a mud—bagacillo mixer. The 
amount of bagacillo varies inversely to the consistency of the mud frctm the 
clarifier. The approximate amount of bagacillo required is 15—30% of 
dry matter in the cake, or ca. 2.6—5.36 kg t"

1
 (6—12 lb ton"

1
 ) of clean cane. 

The amount of bagacillo required increases with mechanically-loaded cane. 
Sometimes when the mud is very thick it is necessary to dilute it slightly 
with water. 

Bagacillo is obtained from the bagasse conveyor, one section of which 
has a perforated plate, the amount of bagacillo depending on the size of per-
forations of the plate and the length of screen. The longer the screen, the 
more bagacillo will be provided, and the smaller the perforations, the longer 
the screen must be. The size of perforation varies from 8 to 14 mesh. The 
8 mesh screen will deliver four times the amount by weight of bagacillo than 
14 mesh screen. The bagacillo can also be separated from bagasse on 
vibrating or revolving screens. 

Most sugar factories suffer from a shortage of bagacillo. For this reason, 
particular attention must be paid to providing the filter station with suffi-
cient bagacillo at all times when the rotary filter is in operation. There must 
be a reserve supply of bagacillo in case the grinding process is interrupted for 
some reason; when mud must be kept filtering, a two- to three-hour supply 
probably being sufficient. A wooden-louvered hopper should be provided for 
the supply of bagacillo, the hopper being located above the mud—bagacillo 
mixer. The bagacillo is conveyed through ducts to a cyclone separator, 
using an exhaust fan. From the cyclone separator, bagacillo can drop into 
the supply hopper, and then to the mud—bagacillo mixer. From the bagacil-
lo mixer the mud with added bagacillo is fed by gravity flow to the filter 
constant-level feed tank. This constant level is maintained by an overflow to 
the tank below, from which the mud is pumped back to the mixer. 

Mud 

The amount of mud can vary from < 2% on the weight of cane for clean 
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sugar cane to > 5% for mechanically harvested and loaded sugar cane. The 
mud cake has, on average, a 60—85% moisture content. The amount of 
bagacillo used for filtration affects polarization of the cake; the polarization 
will be higher with more bagacillo. 

With increased use of mechanical loaders, the mud cake contains more 
sand, clay, muck and other insoluble ingredients of soil brought with sugar 
cane from the fields. The volume and weight of the cake is therefore greater 
when the cane is mechanically loaded and not washed prior to grinding. 

Weighing Mud 

For control in a sugar factory and accurate determination of sugar losses, 
the vacuum filter cake should be weighed. The most accurate system is to 
discharge the cake onto a belt or drag conveyor without adding any water, 
and then into the mud cake bin, from which trucks can be loaded. Before 
leaving the factory to haul the mud to the fields, the tared truck can be 
weighed, and a record kept of each truckload. 

An alternative method of disposing of the mud is to dilute it with water 
on discharge from the drum, and pump it to a settling pond. In this case the 
weight of cake can be determined by the following method: periodically an 
attendant should take a sample of the cake from the surface of the filter 
drum with a tared wooden spatula exactly 15.25X15.25 cm ( 6 X 6 in). 
The spatula and cake can be weighed on a small scale located nearby. The 
average net weight of a number of weighings of mud cake multiplied by 4, 
then by the filtering area of the drum (ft

2
) and then by the number of 

drum revolutions will give the approximate weight of the discharged cake. 
This can be calculated for each 24 h production period. This method gives a 
result very close to the actual weight of wet cake. 

Effluent Juice 

The effluent juice from vacuum rotary filters, mostly turbid and dirty, is 
normally returned for treatment to the liming tank, where it is mixed with 
incoming raw cane juice. It would be more advantageous to avoid 
recirculating this juice through the clarifier. It can be treated separately with 
phosphoric acid and lime and settled in a small continuous clarifier or open 
defecators. However, the danger of overliming and overheating this juice may 
lead to starting a decomposition chain reaction (Maillard reaction), and 
result in eventual combustion and charring of final molasses. Unless the 
treatment and separate clarification of vacuum filter juices is conducted very 
carefully and with precision, this is not recommended. 
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Electrolytes and Mud Thickening 

For better thickening of the mud, poly-electrolytes such as Separan 
AP-30, Nalco D-1940 or Hodag floes can be used. Only a few ppm of these 
flocculants need be added into the bagacillo—mud mixer. When Separan 
AP-30 is used, the mud must be alkaline, and lime should be added to the 
mud when it leaves the clarifier. For Nalco D-1940 such treatment is not 
necessary. 

Rapi-Floc Process 

The Dorr—Oliver Company has designed a process based on the use of 
electrolytes for mud thickening. The system, called 'Rapi-Floc', 

Fig. 9.5. Installation of Rapi-Floc system (courtesy of Dorr—Oliver Co., Stamford, CT, 
U.S.A.). 
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Fig. 9.6. Rapi-Floc filter, one half operating to show method of securing Dacron cloth 
(courtesy of Dorr—Oliver Co., Stamford, CT, U.S.A.). 

introduces a special flocculation step carried out under close pH control 
(Fig. 9.5). Large floes are produced which can be filtered rapidly on a non-
woven porous Dacron cloth which is installed over the existing perforated 
plates and fastened by Acme bands (Fig. 9.6). The cake, being very porous, 
can be easily washed to normal sugar content with a moderate amount of 
water. After the cake is removed with a flexible scraper, the cloth is washed 
by a series of high velocity jet nozzles located underneath the scraper. 

The coagulant is prepared in a small tank equipped with a propeller mixer 
(Fig. 9.7), then diluted to the desired concentration and pumped by a 
proportional pump into the coagulator, which is specially designed to realize 
maximum efficiency from the poly-electrolyte type of coagulant. The mud 
mixed with bagacillo and coagulant flows under gravity from the coagulator 
to the filtrate tank. The cake is approximately 19 mm (0.75 in) thick. The 
Rapi-Floc filter cake weighs ca. 170—195 kg m"2 (35—40 lb ft"2) with 
an average cake moisture content of about 80%. 

Eimco Filter 

The Eimco Belt vacuum rotary filter uses a cloth as a filter medium. The 
cloth is not tied to the drum, but separates from it and passes over a roller. 
At that point, the cake supported by the cloth falls into the mud conveyor. 
The cloth returns to the drum of the filter after passing two small rollers and 
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Fig. 9.7. Coagulator for Rapi-Floc system (courtesy of Dorr—Oliver Co., Stamford, CT, 
U.S.A.). 

is washed on both sides. It becomes snug again to the drum when it enters 
the mud tank. 

Both the Rapi-Floc and Eimco filters may sometimes produce insufficient-
ly clear filtrates, and it is not advisable to send such filtrate directly to evap-
orators along with clarified juice without close supervision. For this reason, 
many operators of raw sugar factories prefer to use conventional perforated 
plates covering rotary vacuum filters instead of filter cloth. 
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Stainless-steel Plates 

In this case stainless steel plates should replace the copper ones, originally 
used on rotary filters, because they are less easily abraded, do not crumple, 
and produce better cake. Stainless-steel perforated plates are very sturdy, 
require less attention and labor, and usually last a long time without replace-
ment. 

Washing the Cake 

The cake should be washed with hot water, because the wax which it 
contains is not easily soluble in water. Mud treated with poly-electro-
lytes is more difficult to desugar because more complete flocculation is 
obtained. However, small losses of sugar are compensated for by cleaner 
filtrates and mud cake which discharges well from the drum and is not slimy. 
The discharged cake, when well washed, generally contains about 1.5—2.0% 
of sugar, though sometimes it may reach 4—5%. Loss of sugar in the cake 
should not exceed 0.1% of the weight of sugar cane ground. The amount of 
poly-electrolytes used must not be increased beyond a few ppm because an 
excess may cause difficulties further on in boiling low-grade massecuites. 

Fig.9.8. Sketch of atomizer installation for washing mud filter cake (pressure = 1 atm): 
(1) air; (2 and 2a) water; (3) overflow; (4) air pipe; (5) water pipe; (6) vacuum filter 
drum. 
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Wash-water and Sprays 
The water which is used for washing the mud cake sometimes contains a 

large amount of suspended matter, which very often plugs the sprays, and 
the washing becomes inefficient. This wash-water should be screened. If this 
cannot be done, the existing system can be replaced by an atomizer installa-
tion consisting of two tubes placed next to each other at an angle. If the 
lower tube is placed in water and air is blown through the upper one, then 
the system will work as an ejector, forming a water spray (Fig. 9.8). 

The lower pipe with diameter of 80 mm (3.15 in) is connected to a reser-
voir with a constant water level. Along that pipe are placed tubes of diameter 
8 mm (0.3 in) spaced 125 mm (4.9 in) apart. The lower ends of the tubes are 
submerged in water and upper ends are extended up to air tubes. The upper 
pipe of diameter 50 mm (2 in) is connected with an air compressor giving a 
pressure of 0.5—1.0 atm (14.7—7.35 lb in"

2
 ). Along this upper pipe are placed 

tubes of diameter 6 mm (0.25 in) each. Each set of tubes is connected at an 
85° angle. With the pressure of air the water forms an atomized mist directed 
toward the drum of the vacuum filter. This system of washing the mud cake 
will never be plugged. All dimensions given above are approximate. 

Filter Operation 

Speed of Rotary Filter 

The normal number of drum revolutions of the vacuum filter is 12—15 
r.p.h. If the drum revolves faster it will pick up a thinner cake, which when 
well washed may be sucked through screen perforations. 

Size of Rotary Filter 

The desirable size of a rotary filter with standard 8 ft (2.43 m) diameter 
drum depends on the amount of mud which has to be filtered. The Oliver-
Campbell vacuum filters built by Don^-Oliver Company, vary in size from 8 
to 32 ft (2.43-9.75 m) long with filtering area of 200-1300 ft

2
 (18 .6-

120.8 m
2
). 

Vacuum Pump 

A pump must be used to maintain a constant vacuum in filtered juice 
receivers. A Nash vacuum pump is very well suited for this purpose (Fig. 
9.9). The Nash vacuum pump has only one moving part, a rotor cast in one 
piece, revolving in the casing without metallic contact. There are no valves, 
no pistons or sliding vanes, and no parts requiring interior lubrication or 
adjustment for wear. Nash vacuum pumps will maintain a vacuum up to 685 
mm (27 in) of mercury. 
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Fig. 9.9. Nash vacuum pump: (a) side view; (b) schematic cross-section; (c) exploded 
view. The rotor is the only moving part of the pump (courtesy of Nash Engineering Co., 
South Norwalk, CT, U.S.A.). 
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Chapter 10 

EVAPORATION 

Clarified juice is concentrated to a syrupy consistency before it is sent to 
the vacuum pans to be crystallized into raw sugar. The concentrate is made 
in several evaporators connected in series, called a 'multiple-effect'. The juice 
travels from one vessel (or 'body') to another because of the gradual increase 
of vacuum. The last body of the multiple effect has a maximum vacuum of 
ca. 0.86—0.93 kg cm"2 (25—27 in). The vapors obtained in each body of 
the multiple-effect serve to heat the calandria tubes and to evaporate addi-
tional water in the following vessel. A multiple-effect consisting of three 
bodies is called a triple-effect, four bodies is a quadruple-effect (Fig. 10.1), 
and five bodies is a quintuple-effect. There are also combinations of a large 

Fig. 10 .1 . Evaporation station in Glades Sugar House, consisting now of four sets of 
quadruple-effects. In the center of the floor is an air-conditioned control room (courtesy 
of Glades Sugar House, FL, U.S.A.). 
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pre-evaporator with triple-, quadruple- and quintuple-effects. All these com-
binations are designed for the purpose of saving steam for the evaporation 
and concentration of clarified juice, and heating juice in heaters as well as 
using vapors in vacuum pans. 

Multiple-effect Evaporation 

Principles of Multiple-effect Evaporation 

The system of multiple-effect evaporation is based on the discovery of 
Norbert Rillieux of Louisiana, who stated three now well-known principles: 

(1) In multiple-effect evaporators, for each pound of steam used, as many 
pounds of water will be evaporated as there are bodies for evaporation in the 
multiple-effect. 

(2) When vapors are robbed (withdrawn) from any body of a multiple-
effect to be used in heaters or vacuum pans, the saving of steam will be equal 
to the amount of vapors used divided by the number of bodies in the 
multiple-effect, multiplied by the position number of the body from which 
vapor has been withdrawn. 

(3) Means of withdrawal of non-condensable gases from calandria or coils 
where condensation of vapors occurs must be available. 

The Rate of Evaporation in Multiple-effect Evaporators 

The clarified juice must be evaporated to 55—65°Brix regardless of which 
system of multiple-effect evaporators is used. The rate of evaporation per 
square foot of heating surface (HS) will vary inversely to the number of 
vessels in the multiple-effect, the highest rate of evaporation being in a triple-
effect, and the lowest in a quintuple-effect, and conversely, steam economy 
will be greatest in a quintuple- rather than triple-effect, because one pound 
of steam will evaporate approximately five pounds of water, while in a triple-
effect it will evaporate only about three pounds. The larger rate of evapora-
tion in a triple-effect is due to the greater temperature differential between 
the vessels than in other effects. A multiple-effect with more than five vessels 
is not practicable, because the temperature of vapors in the last body would 
be too low for further evaporation of water. 

Flash 

The evaporation in a multiple-effect is due not only to the heating surface 
of the calandria in each body, but also to the flash which occurs when the 
juice passes from one body into another where lower pressure exists, as a 
result of progressively increasing vacuum and decreasing temperature in the 
evaporator set. 
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Withdrawal of Vapors from Multiple-effects 

In a normally-operated triple-effect, vapors can be withdrawn from the 
first body to be used in heaters, and the balance is used for the remaining 
two bodies. The vapors from the second body are normally too cold to be 
utilized in heaters. However, if a slight pressure or zero pressure is main-
tained in the second body, instead of the normal vacuum of about ca. 
0.51 kg cm"

2
 (15 in), the vapors can be withdrawn also from the second body 

to be used for primary heaters, and the vacuum in the third body will be 
maintained between 0.86 and 0.93 kg cm"

2
 (25—27 in). This is not a recom-

mended procedure, however, because in this case the juice will flash consider-
ably into the third body and will produce an excessive volume of vapors 
which must be evacuated through the condenser, which will then be over-
loaded. 

A quadruple-effect with equal heating surface in each body of the 
evaporator set is more practical and economical than the triple-effect de-
scribed above. The vapors can be withdrawn from the first and second bodies, 
and the temperature differential will be more evenly distributed throughout 
the set. 

Advantages of Vapor Withdrawal 
When vapors are withdrawn from one or more vessels of the multiple-

effect, the load on the condenser will decrease. There will also be saving in 
steam based on Rillieux's second principle (see p. 146) and this vapor can be 
used in heaters and vacuum pans. There are different combinations in with-
drawing steam from triple- or quadruple-effects. The vapors can be with-
drawn from two bodies in triple and even from all four bodies in a quadruple 
effect to heat the juice. 

Preheating Juices 

To have maximum benefit from multiple-effect evaporators, the clarified 
juice must be preheated above boiling temperature in the first body before 
it enters that vessel. This will result in the obtaining of additional vapor 
because of the flash produced in the first vessel. 

Heating Calandria 

The heating element in an evaporator is the calandria, which consists of a 
large number of vertical tubes with open ends, and upper and bottom tube-
sheets. The most desirable metals for evaporator tubes and tube-sheets are 
brass or copper, because these metals allow efficient heat transfer. However, 
many calandrias now are made of steel. The tubes are 1.22—2.13 m (4—7 ft) 
high and ca. 1.6 mm (0.0625 in) thick, and their diameter varies from 32 to 
57 mm (1.25—2.25 in). The calandria has a large downtake tube which is 
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usually situated at the center, but can also be located at the side. If the 
downtake is sealed at the top or bottom with a funnel, the incoming juice 
makes only one pass through the tubes before leaving the evaporator, and is 
never mixed with incoming juice. Many operators prefer this system. 

The juice to be evaporated circulates inside the tubes, and the exhaust 
steam or vapors which heat the juice are admitted to the chamber outside 
the tubes closed with the upper and bottom tube-sheets. 

Level of Juice 
The juice is maintained at the desired level by means of level sealed pots, 

or automatic or manually-operated valves. Since evaporation occurs above 
the flooded section of the tube, the level of juice in tubes should not exceed 
one third of the tube height. 

Evacuation of Calandria 
The calandria is provided with an evacuating pipe for non-condensable 

gases. The condensate or condensed vapors are evacuated by an inverted 
siphon into the calandria of the following body. Because of the differences 
in pressure between calandrias, the length of the inverted siphon should be 
from 3.65—5.5 m (12—18 ft). Since the temperature of condensate water 
is higher than the temperature of vapors entering the calandria from the 
preceding body, and a vacuum has been created in the calandria by condensa-
tion of vapors and evacuation of non-condensable gases, the condensate 
water will flash, and the vapors produced will supply additional heat for 
evaporation. This theoretically increases the rate of evaporation by ca. 5%. 
However, in practice, siphons and calandria sometimes become waterbound 
and this affects the continuance of evaporation. With a certain loss of heat, 
steam traps and a pump for evacuation of condensate water very often 
replace inverted siphons. 

Steam Traps and Pipes for Non-condensable Gases 

Steam traps must be placed low enough that condensate will not be 
sucked back into the calandria by the existing vacuum. Non-condensable 
gases must be evacuated from the calandria, otherwise they may form 
pockets and prevent proper distribution of steam and vapors in the calandria 
chest and may corrode the upper section of the copper tubes inside the 
calandria. Non-condensable gases can be evacuated into the atmosphere from 
the first body calandria, because there the pressure of exhaust steam entering 
is greater than atmospheric pressure, but in vessels where there is a vacuum 
in the calandria and pressure of vapors is low, several pipes must be provided, 
extending into the calandria close to the bottom tube-sheet. All these 
evacuating pipes for non-condensable gases can enter a common manifold, 
from which gases will be reintroduced to the evaporator in vapor space near 
the dome, where the vacuum is much higher than in the calandria, and gases 
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will be drawn into the upper part of the evaporator. However, constant with-
drawal of non-condensable gases will result in some heat loss. This heat can 
be preserved by installation of a transmitter, the main parts of which are two 
thermometric resistors and two ordinary resistors, a galvanometer, and a 
stabilized DC source., The difference between steam temperatures at the 
inlet of the calandria and inside the calandria is measured. Readings from the 
thermometer placed inside the calandria indicate temperature of the 
condensing steam, which depends on the content of non-condensable gases. 
The venting valves for non-condensable gases are to be opened only to the 
point when the transmitter indicates readings close to zero. Further opening 
of valves is unnecessary and causes needless heat loss (Zagrodski and 
Dobrzycki, 1969). 

Circulation of Juices in Evaporator 

The concentrating juice circulates from one evaporator body to another 
through an inverted siphon, or through an overflow chamber with a fixed 
level followed either by an inverted siphon, or by pipes provided with valves 
which may be operated automatically or manually. The juice leaves one 
body of the multiple-effect at the bottom and enters the following one also 
at the bottom. The feed must be evenly distributed throughout the entire 
area below the calandria. The installation of a sealed downtake prevents 
short-circuiting of juice from one body to another without making a pass 
through the calandria tubes. 

Velocity of Vapors 

The vapors separated from the juice in calandria tubes have high velocity, 
which increases in each body of the multiple effect. Also evaporation of 
juice with addition of flash increases progressively in each body. The volume 
of vapors and flash leaving the tubes in the first body is ca. 62.9 m

3
 per m

3 

of juice (280 ft
3
 per ft

3
), and in the fourth body it will be ca. 593 m

3
 vapor 

per m
3
 juice (5750 ft

3
 per ft

3
) (Webre, Sr., 1961). 

Entrainment 

Entrainment may occur in every vessel of an evaporator set, but it is most 
likely in the last body, where the velocity of incoming vapors is greatest. 
During boiling and evaporation of juices, small droplets of juice are projected 
upward, and they may be entrained by high-velocity vapors. 

In all bodies of a multiple-effect the vapor space should be at least 4.6 m 
(15 ft) above the upper tube-sheet of the calandria. However, since a certain 
amount of juice, even though small, can be projected far higher than the 
vapor belt of any evaporator, it is not advisable to rely only on the height of 
the vapor space of the evaporator for protection against entrainment. 
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The velocity of the juice leaving the tubes of the last effect is ten times as 
great as that of the first effect, and the height of projection of the juice 
leaving the tubes of the last effect is one hundred times that in the first 
effect. The theoretical vertical projection of juice in the fourth body from 
32 mm (1.25 in) tubes is 54.25 m (178 ft). The height of projection is pro-
portional to the square of the velocity (Webre, Sr., 1964). For security, 
therefore, the last body should be equipped with a device to prevent entrain-
ment. 

Entrainment Separators 
There are different types of separator or arrester which force separation of 

juice droplets from vapors leaving the vapor belt. There are various internal 
separators, of which the effective ones are umbrella-shaped with vanes, the 
de-mister type, and zig-zag catch-all for evaporators, with baffle and internal 
entrainment separator (as designed by Webre, Sr.). 

There is an effective arrester in which two layers of corrugated louvre 
plates inclined at about 110° to each other are installed across the body of a 
vessel. The louvres have sharp pointed corrugations running parallel to the 
flow of vapor. The plates are arranged so that a valley in a corrugated plate 
in the upper layer contacts the apex of a corrugation of a plate in the lower 
layer. The sugar droplets collected on the upper plates drop to the lower 
plates without passing through vapors. The accumulated large drops flow 
down the valleys of the corrugated plates and down into the evaporator. This 
separator must be inserted at least 3.6 m (12 ft) above the calandria tube-
sheet. 

A suitable arrangement for washing the separator should be installed. The 
pressure drop at highest vapor velocity will not exceed 1 in W.G. (Frew, 
1972). Also, each body of the evaporator set can be provided with an 
external catch-all, which can be of either the bonnet or centrifugal type. 
Auxiliary internal baffles are very useful with these types of catch-alls. If the 
evaporator is not equipped with an entrainment separator, the de-mister type 
can be very easily installed in all bodies of a multiple-effect if required. All 
types of entrainment separator or catch-all must be provided with an installa-
tion permitting them to be washed with hot water or cleaned chemically and 
thoroughly steamed before the shutdown, so they are not plugged or covered 
with crystallized and hardened sugar or dry matter and salts from juice being 
evaporated. 

Sampling of Vapors 
The evaporators should be checked regularly for possible entrainment. For 

this purpose, condenser water must be sampled continuously, or the vapors 
collected between the catch-all of the final body evaporator and condenser, 
and condensed in a small water-cooled tubular condenser. The condensate is 
collected in a receiver, and non-condensables are vented into the main con-
denser of the multiple-effect by means of a small vacuum pump. The 
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conductivity of condensate can then be recorded and loss of sugar calculated 
(Serbia and Balza, 1965). 

Heating Surface 

In a multiple-effect evaporator, the heating surface (HS) is the same in 
each body. Theoretically, the volume of juice circulating through the 
multiple-effect decreases while Brix increases and therefore, each body could 
have a smaller HS than the preceding one. However, the heat transfer de-
creases toward the vacuum end of the evaporator set because of the increase 
in density of syrup, which absorbs less heat, and because of the lower pres-
sure of heating vapors, which are less effective as a heating medium than 
exhaust steam or vapors of higher pressure. Moreover, an increasing amount 
of incrustation in tubes toward the last vessel prevents equal heat transfer. 
Therefore, though the volume of evaporating juice decreases, the HS in each 
body should be nearly equal. On the other hand, because of greater tempera-
ture differential and higher vacuum in the last bodies of the multiple effect, 
the flash increases, producing more vapors. 

Heat Requirement 

The amount of heat required to raise the temperature of juice to the 
boiling point in evaporator or preheater is calculated by formula, which is 
applicable to either the imperial or metric system (Tromp, 1946) 

Heat required (BTU or cal) = weight of juice X (Tx - Τ) X 
Specific heat of juice 

where 7\ = boiling temperature of juice and Τ = juice temperature when 
entering evaporator or heater. 

A higher rate of evaporation is obtained in the first body when clarified 
juice leaving the continuous clarifier is preheated to a temperature above 
that which exists in the first body of the multiple-effect. This will produce a 
flash in the first effect, as mentioned above. If the temperature of clarified 
juice is lower than that prevailing in the first body, a certain amount of 
exhaust steam will be used to bring up the temperature of juice to that of 
boiling juice in the first body, and there will be no flash. In this case, less 
evaporation will occur in the first body. 

Water to be Evaporated 

The amount of water to be evaporated may be calculated as follows, 
using Prinsen Geerligs formula 
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where: (W) = weight of water to be evaporated; (C) = weight of juice; (Bi) = 
Brix of juice; (B2) = Brix of syrup. 

The calculations set out below will show that ca. 20% of steam can be 
saved by utilizing nearly all exhaust steam for evaporation and withdrawing 
vapors from the first two bodies of a quadruple-effect for heating juices and 
for vacuum pans. This is because exhaust steam utilized first for evaporation 
in a multiple effect can be reused as withdrawn vapors for boiling masse-
cuites and heating the juices. 

Boiling Point Elevation 

In evaporation of sugar solution, Boiling Point Elevation (ΒΡΕ), also 
called Boiling Point Rise (BPR), must be taken into consideration. The 
BPR is the increase in boiling point of concentrated juices over that of pure 
water at the same pressure or vacuum. The total drop of temperature in a 
multiple-effect is equal to the sum of the temperature drops across the 
heating surface (HS), plus the sum of BPR, which absorbs some of the total 
temperature drop across the heating surface (HS) of the multiple-effect. The 
vapor leaving the juice being concentrated will be superheated at the boiling-
point elevation, but loses superheat and becomes saturated upon entering the 
following vessel of the multiple-effect. 

Boiling Point Rise is calculated by the following formula 

Calculation of Multiple-effect Evaporation 

The steam balance and evaporation can be calculated by the following 
method. 

In both the following examples the same data will be used 

b.p.r. (°C) = 
°Brix / 30 + °Brix 0.54 X vacuum (in) 
40 U03.6-°Brix 90 - vacuum (in) 

Tons sugar cane ground per day 
Tons sugar cane ground per hour 
Dilute extraction 
Juice from filters returned to liming tank 
Multiple effect heating surface (HS) 
Steam required for vacuum pans (ca. 300 lb per ton of cane) 
Temperature of juice entering clarifier 
Temperature of juice leaving clarifier 
Temperature of limed juice 
Brix of clarified juice 
Brix of syrup 

Rate of evaporation (60.9 - 15 ) /60 .9 = 75.4% 

50 000 f t

2 

60 000 lb 

4800 

220°F 
208°F 

80° F 
15 
60.9 

200 
90% 
10% 

Amount of exhaust steam required to heat all juice for clarification 
(200 X 2000 X 90%) X 110% X (220 - 8 0 ) X 0 .9 /965 .5 = 51 6 7 9 lb 
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To be evaporated in quadruple-effect 

(200 X 2000 X 90% X 110%) X 0 .754 = 298 584 lb of water/h 

Juice in process 
(200 X 2000 X 90%) X 110% = 396 000 lb 

Steam used in evaporators 
75 0 0 0 lb at 10 psig per hour 

Solids in juice 
396 000 X 0 .15 = 59 4 0 0 1 b 

Example 1. Heat balance without robbing vapors prom quadruple-effect 
Boiling point rise (BPR) is added to the corresponding vapor tempera-

tures. (Method of calculation used by Webre, Sr., 1963.) 

Calculation: 

Body Operation B T U h "

1
 Juice 

No. ( Ibh"

1
) 

1 Exhaust steam at 10 psig and 240°F 
75 0 0 0 X 952 .1 71 407 500 3 9 6 000 
Deduct for heating juice 396 000 X (227 - 208) - 7 524 000 

Available for evaporation 6 3 8 8 3 500 
Latent heat at 226°F = 961 .3 63 883 500 - 6 6 4 5 5 

Evaporator No. 1 961 .3 
329 545 
Brix = 18.0° 

Transfer to evaporator No. 2 

Vapors from No . 1 63 883 500 
Add flash 329 545 X (227 - 210) 5 602 265 

Available for evaporation 69 4 8 5 765 
Latent heat at 208°F = 973 69 485 765 - 7 1 414 

Evaporator No. 2 973 
258 131 
Brix = 23.0° 

Transfer to evaporator No. 3 

Vapors from No. 2 69 4 8 5 765 
Add flash 258 131 X ( 2 1 0 - 1 8 5 ) 6 4 5 3 275 

Available for evaporation 75 939 040 
Latent heat at 182°F = 989 75 939 040 - 7 6 783 

Evaporator No. 3 989 

Transfer to evaporator No. 4 

181 348 
Brix = 32.8° 
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Vapors from No. 3 75 939 040 
Add flash 181 348 X ( 1 8 5 - 1 3 1 . 5 ) 9 702 118 

85 641 158 
Latent heat at 125°F = 1021 85 641 158 -83 879 

Evaporator No. 4 1021 
97 469 

Brix = 60.9° 

Evaporated in quadruple-effect 

Evaporator 
No. 1 66 455 
No. 2 71 4 1 4 
No. 3 76 783 
No. 4 83 879 

Total 298 531 (lb of water) 

Evaporation = 298 5 3 1 / 7 5 000 = 3.98 lb per lb of steam 

Total steam used 
Evaporators 
Vacuum Pans 
Heaters 

Total 

75 000 
60 000 
51 679 

186 679 

Syrup produced = 97 4 6 9 lb at 60 .9 °Brix 

Vapors to condenser = 83 879 lb 

Rate of 
evaporation 

5.31 
5.71 
6.14 
6.71 

Average 5.97 ( f t

2
/HS/h) 

Example 2. Heat balance when vapors are withdrawn from the first two 
bodies of multiple-effect and juice pretreated in a heater to 165°C (240°F) 
Vapors withdrawn from the first two bodies of the multiple-effect, pre-

heated to 240°F, are used for heating juice, primary and secondary heaters 
and vacuum pans. 

Exhaust steam to evaporators = 138 000 lb per hour at 10 psig 
Heating surface (HS) in quadruple-effect 50 0 0 0 f t

2 

Solids in juice = 59 4 0 0 lb 

Steam required 

Primary heaters = [ (200 X 2000 X 90%) X 110% X ( 1 8 5 - 8 0 ) X 0 . 9 ] / 9 8 8 = 37 876 lb h"

1 

Secondary heaters = [ (200 X 2000 X 90%) X 110% X ( 2 2 0 - 1 8 5 ) X 0 .9J/961 = 12 9801b h"

1 

Reheating clarified juice from 208°F to 240°F with exhaust steam 
[ (200 X 2000 X 90%) X 110% X ( 2 4 0 - 2 0 8 ) X 0 . 9 ] / 9 5 2 . 2 = 11 977 lb exhaust 
Boiling massecuites at 300 lb steam per ton of cane 
200 X 300 = 60 000 lb h"

1 

Exhaust steam used in quadruple-effect at 10 psig and 240°F = 138 000 lb h"

1 
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Calculation: 

Body Operation B T U h

1
 Juice 

No. ( l b h "

1
) 

1 Exhaust steam at 10 psig and 240°F 396 000 
Brix - 15.0° 

138 000 X 952 .1 131 389 800 

Add flash from entering juice 

396 000 X (240 - 227) 5 148 000 

Available for evaporation 136 537 800 

Latent heat at 226°F = 961 .3 136 537 800 - 1 4 2 034 
Evaporator No. 1 961 .3 

Transfer to evaporator No. 2 

Vapors from No. 1 136 537 800 
Deduct for: 

Vacuum pans 60 000 lb 
Secondary heaters 12 980 lb 

72 980 lb 

Latent heat at 226°F = 961 .3 
72 980 X 961 .3 - 7 0 155 674 

66 382 126 

253 966 
Brix = 23.39° 

Add flash 253 966 X (227 - 210) 4 317 4 2 2 

Available for evaporation 70 699 548 

Latent heat at 208°F = 973 70 699 548 - 7 2 661 

Evaporator No. 2 973 1 8 1 3 0 5 
Brix = 32.76° 

Transfer to evaporator No. 3 

Vapors from No. 2 70 699 548 
Deduct for primary heaters 37 876 X 973 36 853 348 

33 846 200 

Add flash 181 305 X (210 - 185) 4 532 625 

Available for evaporation 3 8 3 7 8 8 2 5 

Latent heat at 182°F = 989 38 378 825 - 3 8 806 

Evaporator No. 3 989 142 4 9 9 
Brix = 41.68° 

Transfer to evaporator No. 4 

3 

2 
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4 Vapors from No. 3 38 378 825 142 4 9 9 
Brix = 41.68° 

Add flash 142 4 9 9 X (185 - 1 3 1 . 5 ) 7 623 697 

Available for evaporation 46 0 0 2 522 

Latent heat at 125°F = 1021 46 002 522 - 4 5 056 

Evaporator No. 4 1021 97 4 4 3 
Brix = 60.9° 

To condenser 45 056 lb vapors 
Syrup 97 4 4 3 lb 

Evaporation in quadruple-effect with withdrawal of vapors 

Evaporator Evaporation 
No. 1 142 034 
No. 2 72 661 
No. 3 38 806 
No. 4 45 056 

Total evaporation 298 557 (lb water) 

Total exhaust steam used = 11 977 + 138 000 = 149 977 1b 

Saving of steam = 186 6 7 9 - 1 4 9 977 = 36 702 lb (19.66%) 

In the above examples, the loss by radiation, decrease of heat transfer toward 
last body and incrustation in tubes were not taken into consideration. 

Maximum savings would be achieved if vapors were withdrawn from each 
body of the multiple-effect; also less water would be needed for the con-
denser. However, the temperature of vapors from the third and fourth bodies 
of a quadruple-effect is rather too low to be efficiently utilized. It may be 
noted that the load of vapors to condenser in example 2 is only about half 
of that in example 1, and therefore a smaller injection pump would be re-
quired. 

From the above calculations it can be seen that it is advantageous to with-
draw vapors from the first and second bodies of a quadruple-effect. In 
examples 3 and 4, similar calculations are shown using the metric system. 

Example 3 

Tonnes cane ground per day 6000 
Tonnes cane ground per hour 250 
Dilute extraction 90% 
Juice from rotary vacuum filters to liming tank 10% 
Multiple-effect heating surface (HS) 8000 m

2 

Steam for vacuum pans (ca. 150 kg h"

1
 t"

1
 of cane) 37 500 

Temperature of juice entering clarifier 104.5°C 
Temperature of juice leaving clarifier 97.8°C 
Temperature of limed juice 26°C 
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Brix of clarified juice 16° 
Brix of syrup 58.7° 

Rate of evaporation = ( 5 8 . 7 - 1 6 ) / 5 8 . 7 X 100 = 72.75% 

Amount of steam required to heat all juice for clarification 
(250 X 1000 X 90%) X 110% X (104 .5 - 26) X 0 .9 /536 .4 = 32 598 kg steam 

To be evaporated in quadruple effect 

(250 X 1000 X 90%) X 110% X 0 .7275 = 180 056 kg water h"

1 

Juice in process 
(250 X 1000 X 90%) X 110% = 247 500 kg 

Steam used in evaporators 
45 000 kg at 0.7 kg cm"

2
 pressure 

Solids in juice 
247 500 X 0.16 = 39 6 0 0 kg 

Heat balance without robbing vapors from quadruple-effect (b.p.r. is added to the corre-
sponding vapor temperature) 

Calculation : 

Body Operation kcal h"

1
 Juice 

No. ( k g h -

1
) 

1 Exhaust steam at 0.7 kg cm"

2
 and 116°C 247 500 

Steam 4 5 0 0 0 kg X 528.4 23 800 500 
Deduct heating juice 247 500 X (108 .3 - 97 .8) - 2 598 750 

Available for evaporation 21 201 750 
Latent heat at 108°C = 533.4 21 201 750 - 3 9 748 

Evaporator No. 1 533 .4 
207 752 
Brix = 19.06° 

Transfer to No. 2 

Vapor from No. 1 21 201 750 
Add flash = 207 752 X (108 .3 - 98 .9) 1 9 5 2 869 

Available for evaporation 23 154 618 
Latent heat at 97.8°C = 539.8 23 154 618 - 4 2 894 

Evaporator No. 2 539.8 
164 858 
Brix = 24.02° 

Transfer to No. 3 

2 
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Vapors from No. 2 23 154 618 
Add flash = 164 858 X (98.9 - 85) 2 291 526 

25 4 4 6 144 
Latent heat at 83.3°C = 549 .4 25 4 4 6 144 - 4 6 356 

Evaporator No. 3 549.4 
118 542 
Brix = 33.4° 

Transfer to No. 4 

Vapors from No . 3 25 4 4 6 144 
Add flash = 118 542 X (85 - 55) 3 556 230 

29 0 0 2 374 
Latent heat at 51.5°C = 567.5 29 0 0 2 374 - 5 1 105 

Evaporator No. 4 567 .5 

67 435 
Brix = 58.72° 

Syrup = 67 435 kg; vapor to condenser = 51 105 kg 

Evaporated in quadruple-effect Rate of 
evaporation 

Evaporator 
No. 1 39 748 19.87 
No. 2 4 2 894 21.45 
No. 3 46 316 23.16 
No . 4 51 105 25.55 

Total 180 063 kg water Average 22 .50 k g m "

2 

Evaporation = 180 0 6 3 / 4 5 000 = 4 kg per kg of steam 

HS for evaporation of 180 063 kg of water required = 180 0 6 3 / 2 2 . 5 = 8002 .8 m

2
, for 

each vessel of 2000 m

2 

Amount of steam used : 
For clarification of juice 32 598 
Vacuum pans 37 500 
Evaporators 45 0 0 0 

Total steam consumed 115 098 kg 

Example 4 
The metric system is used in this example to calculate heat balance when 

vapors are withdrawn from the first two vessels of quadruple-effect and 
juice preheated in heaters up to 116°C. Withdrawn vapors as in example 
No. 2 are used for heating primary and secondary heaters and for vacuum 
pans. Exhaust steam to evaporators is 85 000 kg h"

1
 at 0.7 kg cm"

2
. Heating 

surface (HS) in the quadruple-effect is the same as in the previous example 
(8000 m

2
) and solids in juice: (250 X 1000 X 90%) X 110% X 0.16 = 

39 600 kg. 

3 
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(1 ) Steam required for the quadruple-effect 
Reheating clarified juice from 97.8°C to 116°C with exhaust steam: 

(250 X 1000 X 90%) X 110% X (116 - 97.8) X 0.9 , 
\ ^ = 8528 kg 

958.2 

(2) Vapors for secondary heaters 

(250 X 1000 X 90%) X 110% X (104 - 85) 

536.2 
= 7893 kg 

(3) Vapors for primary heaters 

(250 X 1000 X 90%) X 110% X ( 8 5 - 2 6 ) X 0.9 
= 23 978 kg 

548.1 

(4) Boiling massecuites at 150 kg vapors t cane
 1

 ft
 1 

250 X 150 = 37 500 kg h"
1 

Exhaust steam used in quadruple-effect at 0.7 kg and 116°C = 85 000 kg. 

Calculation: 

Body Operation kca lh"

1
 Juice 

No. ( k g h "

1
) 

Exhaust steam at 0.7 kg cm"

2
 and 116°C = 

85 0 0 0 X 528 .9 44 9 5 6 500 247 500 
Brix = 16° 

Add flash from entering juice = 
247 500 X ( 1 1 5 - 1 0 8 ) 1 7 3 2 500 

Available for evaporation 46 689 0 0 0 
Latent heat at 107°C = 534.2 4 6 6 8 9 0 0 0 - 8 7 4 0 0 

Evaporator No. 1 534 .2 

Transfer to No . 2 

Vapors from No. 1 46 689 000 
Deduct for vacuum pans 37 500 
Secondary heaters 7 893 

45 393 kg 

160 100 
Brix - 24.7° 

1 
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Latent heat at 107°C = 534.2 
45 393 X 534 .2 24 248 940 

Available for evaporation 22 4 4 0 0 6 0 
Add flash 160 100 X (108 - 98 .9) 1 456 910 

Latent heat at 97.6°C = 540.5 23 8 9 6 9 7 0 -44 213 
23 896 970 

Transfer to No . 3 

Evaporator No. 3 549 .3 

Transfer to No. 4 

Evaporator No. 2 540.5 115 887 
Brix = 34.15° 

Vapors from No. 2 23 8 9 6 970 
Deduct primary heaters 23 978 X 539.4 12 9 3 3 733 

10 963 237 
Add flash 115 887 X (98.9 - 85) 1 610 829 

Available for evaporation 12 574 066 
Latent heat at 83°C = 549 .3 12 574 066 -22 891 

92 996 
Brix = 42.6° 

Vapors from No. 3 12 574 066 
Add flash 92 996 X (85 - 55 .2) 2 771 280 

15 345 346 
Latent heat at 51.5°C = 567.5 15 345 346 -27 040 

Evaporator No. 4 567.5 

Syrup = 65 955 kg (51 178 1); vapors to condenser = 27 0 4 0 kg 

65 955 
Brix = 60.0° 

Heating Surface of Vessels in Quadruple-effect 

In example 1 above, it was considered that all four bodies of the quadru-
ple-effect had the same size heating surface (HS) in the calandria, i.e. 12 500 
ft

2
 each. However, in example 2, when vapors are withdrawn from the first 

two bodies for heaters and vacuum pans, the first and second bodies must be 
larger than the third and fourth, if approximately the same rate of evapora-
tion per ft

2
 of HS is to be attained (ca. 6 lb of water ft"

2
 h"

1
). 

First body evaporator 
Second body evaporator 
Third body evaporator 
Fourth body evaporator 

= 142 0 3 4 / 6 = 23 6 3 2 
= 72 6 6 1 / 6 = 12 110 
= 38 8 0 6 / 6 = 6 4 6 8 
= 45 0 5 6 / 6 = 7 509 

Total 49 719 f t

2
 HS 

Τ 

3 Vap 
Dec

1 
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Alternatively, it can be divided into more even numbers and then the rate of 
evaporation will be: 

Body Water evaporated HS lb ft "

2
 h "

1 

No. (lb) ( f t

2
) 

1 1 4 2 034 22 000 6.45 
2 72 661 12 000 6.05 
3 38 806 8 000 4 .85 
4 45 056 8 000 5.63 

Total 298 557 50 000 5.97 

It may be preferable to withdraw all necessary vapors from the first body, 
which will then be a large size pre-evaporator, and then to have the three 
final evaporators of the same size, although this would be less economical. 

In example 4 above, the evaporation in a quadruple-effect with withdrawal 
of vapors from the first and second bodies: 

Evaporator No . Evaporation (kg) 
1 87 4 0 0 
2 44 213 
3 22 891 
4 27 0 4 0 

Total evaporation = 1 8 1 544 

Average evaporation = 181 5 4 4 / 8 0 0 0 = 22 .69 kg m

-2 

Total exhaust steam used: 8 5 2 8 + 85 000 = 93 528 kg 

Saving of steam = 115 0 9 8 - 9 3 528 = 21 570 kg h"

1
 or 18.74% 

The HS of the vessels of quadruple-effect must be planned as follows: 

87 4 0 0 / 2 2 . 6 9 = 3852 4 0 0 0 
44 2 1 3 / 2 2 . 6 9 = 1949 . - , , 2000 
22 8 9 1 / 2 2 . 6 9 = 971 or evenly divided 1 Q QQ 
27 0 4 0 / 2 2 . 6 9 = 1191 1000 

Total = 7963 ( m

2
) Total = 8 0 0 0 ( m

2
) 

Saving of Steam 

From the above calculations it is obvious that withdrawal of vapors results 
in a big saving of steam, because exhaust steam, after being used for evapora-
tion of water in the multiple-effect, is transformed into vapors which are 
used in heaters and vacuum pans. Of course, these vapors are at a lower pres-
sure and temperature than exhaust steam. This withdrawal of vapors is also 
beneficial because the load on the condenser will be slightly above half of 
that, when the vapors are not withdrawn. However, as shown above, if 
vapors are withdrawn from the first two bodies, the amount of evaporation 
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per unit area of heating surface is much larger. Therefore, the first two 
bodies of a quadruple-effect must be larger than the last two, in order that 
the rate of evaporation per unit area may be equal. 

Determination of the Rate of Evaporation 

In order to ascertain the rate of evaporation in each body of the multiple 
effect from the actual Brix of juices leaving each body of the evaporator set, 
samples should be taken from each body. A 50 mm (or 2 in) pipe with two 
valves should be welded to the transfer pipes carrying juiced from one effect 
to another, and a sample can be taken through it without breaking or 
affecting the vacuum. Before the sample is taken the sampling pipe must be 
flushed. From the average of several samples the Brix of the juice being con-
centrated can be determined, and the rate of evaporation in each body cal-
culated. For better comparison the same Brix values as in the above examples 
will be used in this example. 

Example 5 
Grinding rate = 200 t.c.h. 
Dilute extraction = 90% 
Clarified juice including returns from vacuum filters = 110% 
Weight of all juice per hour 396 0 0 0 lb 
Brix of clarified juice = 15 .00 
Brix from first effect = 23 .40 
Brix from second effect = 32 .76 
Brix from third effect = 41 .70 
Brix from fourth effect = 60 .90 

Overall evaporation in quadruple-effect = 6 0 . 9 - 1 5 . 0 0 / 6 0 . 9 X 1 0 0 = 75.4% 

Rate of evaporation in the first body and amount of water evaporated = 

2 3 . 4 - 1 5 . 0 0 
— X 100 = 35.90% 

23.4 

396 000 X 35.90% = 142 164 lb 

Rate of evaporation in the second body and amount of water evaporated = 
3 2 . 7 6 - 2 3 . 4 0 

* ' X 100 = 28.57% 
32 .76 

396 0 0 0 - 1 4 2 164 = 253 836 x 28.57% = 72 520 1b 

Rate of evaporation in the third body and amount of water evaporated = 

4 1 . 7 0 - 3 2 . 7 6 _ A Am — X 100 = 21.44% 

253 8 3 6 - 7 2 520 = 181 316 x 21.44% = 38 874 1b 

Rate of evaporation in the fourth body and amount of water evaporated = 

6 0 . 9 0 - 4 1 . 7 0 
— — — X 100 = 31.5% 

60 .90 

181 3 1 6 - 3 8 874 « 1 4 2 4 4 2 x 31.5% = 44 870 1b 

Total evaporated = 298 4 2 8 lb 
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Pre-evaporator 

If expansion of a sugar factory is contemplated and the existing evapora-
tion station must be increased, an additional larger size evaporator can be 
installed in front of the existing triple, quadruple- or quintuple-effect to be 
used as a pre-evaporator. It is heated with exhaust steam, and vapors from it 
are used for heaters, vacuum pans and evaporators. The heating surface of 
the pre-evaporator must be carefully calculated, because if it is too large, 
and there is not sufficient exhaust steam to evaporate clarified juice and 
obtain vapors of the desired pressure, in some tubes of the calandria no 
boiling of juice will occur because of the shortage of vapors. An excessively 
large pre-evaporator can be improved if some tubes are plugged, thus re-
ducing heating surface of the calandria. By doing so, the volume of juice in 
the pre-evaporator will be reduced, and existing exhaust steam will be suffi-
cient. The pre-evaporator must have an HS of ca. 100 ft

2
 for a ton of cane 

ground per hour, or for a 200 ton grinding rate, the pre-evaporator should 
have an HS of 20 000 ft

2
. There can be two bodies of pre-evaporator 

working in parallel, each having 10 000 ft
2
 HS. 

Calculation of Heating Surface of Multiple-effect 

The necessary HS of a multiple effect is calculated from the total amount 
of water to be evaporated per hour and the rate of evaporation per ft

2
 h"

1 

(Webre Sr., 1963) 

HS = We/E 

where: HS is the heating surface (ft
2
 or m

2
) ; ^ e

 =
 total quantity of water to 

be evaporated (lb h"
1
 or kg h"

1
 ); Ε = evaporation (lb ft

2
 h"

1
 or kg m"

2
 h"

1
 ). 

kgm"
2
 h"

1
). 

Normal rate of evaporation for: 

Triple-effect = 7 lb ft"
2
 h"

1
 (34.0 kg m'

2
 h"

1
) 

Quadruple-effect = 5 lb f t
-2
 h"

1
 (24.4 kg m""

2
 h"

1
) 

Quintuple-effect = 4 lb ft"
2
 h'

1
 (19.5 kg m"

2
 h"

1
) 

Other Evaporator Types 

Long-tube Evaporator (Kestner) 

There is a special type of evaporator which can be used advantageously in 
a raw sugar factory, in the same way as the conventional type of evaporator, 
that is, as triple- or quadruple-effect, or as a pre-evaporator in combination 
with a conventional multiple-effect. This evaporator is the Kestner type with 
long tubes, and is based on the principle of climbing film evaporation (Fig. 
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10.2). The tubes are about 7 m (23 ft) long with a diameter of 19—70 mm 
(0.75—2.75 in). The reservoir for incoming juice should not be more than 
0.915—1.22 m (3—4 ft) above the lowest part of the tubes, and the juice will 
climb 6 m (20 ft) in the form of a film. 

The concentrated juice leaving tubes at the top flows towards the next 
evaporator through a pipe, while vapors pass through the catch-all. The 
long-tube evaporator is capable of evaporating more water per unit area of 
HS than the conventional type of evaporator, because it has better heat 
transmission, and is operated with exhaust steam at a higher pressure, and 
also because the longer the tubes the more surface area is available for 
evaporation. The economy of steam in long-tube evaporator sets is exactly 
the same as in conventional sets, in which 1 lb of steam in a quadruple-effect 
will evaporate approximately 4 lb of water. In order to obtain full benefit of 
film evaporation and rapid climbing, the gauge pressure of exhaust should be 
22 psig (151 kN m"2) and its temperature 128°C (262°F). This high-pressure 
exhaust steam is easily obtainable where the tandem is driven by steam 
turbines. For better efficiency of a long-tube evaporator, the level of juice in 
the tubes should be kept low, not exceeding 1 m (3—4 ft), because evapora-
tion in tubes occurs in the part of the tube not submerged. Because of rapid 
evaporation and passage of juice through the long tubes (taking ca. 30 s), 
even temperatures as high as 130°C (266°F) do not affect the sugar solution 
nor darken the juices. Also, because of the rapid climbing of juice through 

Fig. 10 .2 . Kestner long-tube evaporators in Sucrerie d'Eperville. On the left is an installa-
tion of thermo-compressors (courtesy of Appareils et Evaporateurs Kestner, Lille, 
France). 
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the tubes, no incrustation forms, and the long-tube evaporators, if properly 
operated, seldom require cleaning during the crop. A drawback of this type 
of evaporator is that its bottom must be as high above the ground floor as 
the length of the tubes, to allow for changing of damaged or leaking tubes. 

In long-tube evaporators, a rate of evaporation almost double that of con-
ventional type evaporators can be attained per unit area of HS. Therefore, if a 
long-tube evaporator is used as a pre-evaporator, a smaller area of HS will be 
required to evaporate the same amount of water. 

In order to prevent the long-tube evaporator from running dry, a certain 
amount of juice can be recirculated. It should be ensured that the clarified-
juice supply tank is large enough and also that the clarified juice entering the 
long-tube pre-evaporator is pre-heated in the heater. 

There is also the semi-Kestner design of evaporator, with vapor separator 
located alongside the vessel instead of above the calandria as in the con-
ventional evaporator (Hugot, 1950). 

Forced-flow Evaporators 
Maschinenfabrik Buckau-R. Wolf has a special design of forced-flow evap-

orator, which is used as first and second body in a multiple-effect, and evap-
orates under pressure (Fig. 10.3). The calandria of the forced-flow evap-
orator consists of two concentric nests of tubes. The inner nest of tubes and 
narrow downtake which is a circulating tube are covered by a hood. The clar-

Fig. 10 .3 . Forced-flow evaporators by Maschinenfabrik Buckau-R. Wolf (courtesy of 
Maschinenfabrik Buckau-R. Wolf, G.F.R.). 
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ified juice enters the space below the calandria and is heated in the inner nest 
of calandria tubes which is the first stage. When the juice has been heated to 
evaporating temperature in the lower part of the tubes, the vapor—juice 
mixture is increased in volume by the expanded vapors and enters the space 
below the hood. The vapor—juice mixture overflows into the down take 
circulating tube and to the distributor, through which it is fed into the 
outer nest of tubes of the calandria. The juice does not have to be heated in 
the second-stage calandria tubes, because it already has a high temperature, 
and flash takes place immediately. 

In this type of evaporator, the juice makes two passes and the vapors are 
separated from the boiling juice in the widened vapor space of the evap-
orator. As a result of the increased volume of the vapor mixture, the rate of 
circulation is higher than that of an evaporator of conventional design, and 
consequently considerably higher heat-transfer coefficients are attained. The 
first two bodies of forced-flow evaporators in the multiple-effect are fol-
lowed by conventional type evaporators. The last two bodies also have 
widened vapor space, which is of special importance in view of the high 
specific volume of vapors in the last stages of the evaporating station. The 
temperature distribution of juices is as follows: in the first body 109.5°C 
(229°F); in the second body 102°C (215.5°F); in the third body 94°C 
(201°F); in the last body of the quadruple-effect 67.5°C (153.5°F). The dis-
advantage of higher temperatures is compensated for by the shorter period 
required to evaporate the juice. 

Operation of Evaporators 

Decrease of pH in Evaporators 

Upon concentration of clarified juice in the multiple-effect the pH de-
creases, and some inversion can occur if the juice is retained too long in the 
evaporators. It may also be observed that sometimes apparent purity of 
syrup is much higher than that of clarified juice. This may indicate that a 
certain amount of lévulose has been destroyed and direct polarization of 
syrup has increased, and Brix decreased. There are also other chemical and 
physical reactions which take place in evaporators, because of the low or 
high pH of clarified juice, temperature and retention time in evaporators. 
For this reason, pH, temperature and retention time must be closely 
controlled, and in this case apparent purity of syrup will be only slightly 
higher than that of clarified juice. The pH of syrup normally decreases in 
evaporators by 0.3 and the drop from clarified juice should not exceed 
0.5 pH. 

Scale formation in evaporator tubes cannot substantially increase or de-
crease the purity of syrup, since the amount of scale by weight is insignif-
icant in comparison to the amount and weight of solids in the juice which 
pass through the evaporators between two cleanings. A rise in apparent 
purity in evaporators may indicate the destruction of solids. 
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Surface Tension in the Evaporators 

Use of a surface-active additive will lower surface tension and enhance the 
wetting power of juices and syrups, thus improving the rate of heat exchange 
and resulting in more efficient evaporation and reduction of scale formation 
in the tubes. Hodag VAP-99 (a diester of α-methyl glucoside) is surface-
active and is compatible with concentrated sucrose syrups. Added to clari-
fied juice in amounts of ca. 0.013 lb per ton of sugar cane (0.3 kg t"

1
), it 

improves the rate of evaporation in a multiple effect. 

Condensers 

To maintain a desirable vacuum in the multiple-effect, the last body must 
be connected to an efficient condenser. There are several types of condenser, 
such as the counter-flow type, the parallel current, multi-jet and counter-
current multi-curtain condensers. 

In modern sugar factories, central condensers for evaporators and vacuum 
pans have been replaced by individual condensers, i.e. each vacuum pan has 
its own condenser, and the multiple-effect also operates on a separate con-
denser, and reciprocating piston-type vacuum pumps are eliminated. To raise 
vacuum rapidly in vacuum pans or an evaporator set, steam ejectors, water 
ejectors or Nash water ring vacuum pumps capable of producing up to 27 in 
Hg vacuum in a single stage are used. 

The most efficient condenser is the counter-flow type, in which water and 
air flow in opposite directions. In a counter-flow condenser, the temperature 
of vapors and tail-pipe water determines the efficiency of the condenser, and 
the difference is about 2.5—5.5°C (5—10°F). The air leaving a counter-flow 
condenser is at approximately the same temperature as the injection water. 
Multi-curtain counter-current condensers work on the same principle. 

In a multi-jet and parallel-current condenser, the non-condensables are 
removed by water jets together with the condenser water. This results in 
low heat-transfer efficiency and requires an excessive amount of injection 
water. 

Vacuum Pump 

In some cases, it is preferable to use a Nash vacuum pump instead of ejec-
tors, when condenser waste water must be cooled in ponds or a water tower. 

For a counter-current condenser of a multiple-effect evaporator which 
evaporates approximately 100 tons of juice per hour, a Nash pump with a 
capacity of 600 ft

3
 min"

1
 (17 m

3
 min"

1
) is required to remove gases from 

vapors and injection water at 29°C (85°F). The Nash vacuum pump is not 
recommended for use with multi-jet condensers. 
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Flooding of Condenser 

To prevent the condenser from flooding, its walls must be very steep to-
ward the tail pipe, in the form of an inverted cone, the tail pipe being at 
least 12.2 m (40 ft) long, and it is preferable for each condenser to have a 
water well. In cases where condenser waste-water must be cooled in a pond 
by gravity-fed aerating sprays, the condenser waste-water can be discharged 
into a common manifold. However, provision must be made to ensure that 
the manifold seal never breaks, and that the manifold terminates in a goose-
neck, or that tail pipes enter a common manifold at the lower side of the 
manifold. Where a large supply of injection water is assured, individual water 
wells are preferable. 

Water Requirements 

Amount of Injection Water 
A large amount of injection water for the condenser is needed to condense 

steam. Some condensers are more economical in water consumption than 
others. This is important, especially in localities where a shortage of water 
exists, and condenser waste must be cooled and recirculated. 

When the sugar factory is located near a large body of water, and con-
denser waste-water is easily disposed of, multi-jet condensers are very satis-
factory. 

The amount of injection water necessary to condense vapors from the 
last body of a multiple-effect is calculated by the formula (Tromp, 1946) 

W = [ / ~ ( ί 1- 3 2 ) ] / [ ί 1- ί 2] 

where W is the weight of injection water in pounds per pound of vapor to be 
condensed; I is the total heat in BTU per pound of vapor; tx is the tempera-
ture of the condenser water in °F; t2 is the temperature of the injection 
water in °F. 

For metric units, the formula is 

W = ( / - t O / i f ι " t2) 

where J is in cal kg"
1
, and tx and t2 are in °C. 

In a counter-current condenser the quantity of water needed for conden-
sation of vapor can be calculated by equating the heat given up by the vapor 
in the condensing process to the heat absorbed by the condenser water, or 
per pound of condensed vapor 

W = 1020 BTU/lb/ (t2 - ti) 

In a multi-jet condenser, the non-condensable gases are removed 
co-currently by the condenser water. This results in a low heat transfer effi-
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ciency and a large amount of water consumption. Counter-current condensers 
have certain advantages over multi-jet condensers (Nash International Co., 
1964): 
(1) the efficiency of a counter-current condenser is higher because it permits 

the cold water to be heated to a higher temperature, t2 ; 
(2) the counter-current condenser requires less water, and, consequently less 

The injection water is heated by condensing vapors, and the terminal dif-
ference should be close to zero when condensation is efficient in the con-
denser. A terminal difference above 2.7°C (5°F) between the temperature of 
vapors being condensed and temperature of effluent condenser water 
indicates an excess of water, or an inadequate condenser. Zero terminal dif-
ference is evidence of 100% efficiency (Webre Sr., 1963). For example, the 
total heat of vapors to condenser at 26 in Hg vacuum is 1115.6 BTU/lb and 
temperature of injection water 85°F, while the temperature of effluent con-
denser water is 110°F; in the efficiently designed condenser, weight of in-
jection water per pound of vapor is 

required to condense 1 lb of vapors. It may, however, be estimated that 
condensation may require a larger amount of water in actual practice, 
because of variations in temperature of the injection water, and may reach 
50 or more pounds of water per pound of vapor. If the temperature of in-
jection water is 5°F higher, in order to maintain the same vacuum of 26 in, 
then 

will be needed in the condenser to cool and condense one pound of vapor 

Injection Water Pump 
The injection pump capacity is calculated in U.S. gallons, while the 

amount of vapors is in lb h"
1
, and the formula for volume of injection 

water is (Tromp, 1946) 

Volume of injection water = (WX 50)/(60 X 8.32) = W/10 U.S. gal min"
1 

where W is the weight of vapors in lbs h"
1
; 8.32 is the weight (lb) of 1 U.S. 

gallon of water; 60 is minutes per hour. 
Therefore, the lower the temperature of injection water, and the better its 

utilization in the condenser, the less water is required for condensation of 
vapors. 

Location of Injection abater Pump 

power. 

1115.6 - (110 - 32) 

110 - 85 
= 42 lb water 

The water injection pumps must be located close to the main supply of 
water used for injection. Abnormally high suction lift or long suction end, or 
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a combination of the two, will reduce the capacity and efficiency of a pump, 
and should be avoided if possible. The closer the pumps to their source of 
water, the smaller the Net Positive Suction Head (NPSH), and the more 
water can be pumped to condensers. 

To prevent injection water being sucked into the evaporator, the 
condenser can be located below the evaporator dome, if the tail pipe is not 
shorter than 12 m (40 ft). The parallel-current or multi-jet condenser can be 
connected to the evaporator by an inverted 'IT vapor pipe. 

Ejectors 

Steam-operated air ejectors are used as boosters to rapidly create a 
vacuum. The leg pipe of the ejector should be sealed in a water well to 
prevent sucking of air into the evaporator or vacuum pan through any 
leaking valve when the ejector is not in operation. 

Thermo-compressors 

The efficiency of a multiple-effect evaporator can be increased by installa-
tion of a thermo-compressor. This apparatus can be used with advantage when 
there is an insufficient amount of vapors from the first body evaporator for 
vacuum pans and heaters. The live steam enters the thermo-compressor at 
the top inlet and is regulated by a valve. The low-pressure vapors are drawn 
into the thermo-compressor at the lower orifice, and the compressed mixture 
of live steam and low-pressure vapors is withdrawn at the bottom. 

The thermo-compressor can be installed in any position. The steam passes 
through a nozzle and draws low-pressure vapor along and carries it into the re-
ceiving nozzle for discharge. The nozzles of the thermo-compressor are 
designed for specific live steam and vapor pressures, and any variation will 
reduce efficiency: 1 lb of live steam at 105 psig (720 kN m~

2
) will compress 

1 lb of vapors at atmospheric pressure to 6 psig (40 kN m"
2
) back-pressure 

(Tromp, 1946). 
The discharged mixture of vapors and live steam will be slightly super-

heated. Thus, compressed vapors regain enough heat to be used over again. 
If 1 lb of live steam can compress 3 lb of vapors from cane juice, this will 
save 3 lb of exhaust steam (Jenkins, 1966). Use of the thermo-compressor 
can increase efficiency of multiple-effect evaporators, and raise the tempera-
ture of condensate from the first body, increasing capacity of boilers 
(Rodriguez and Blanchard, 1977). 

Vapor Pipes 

The vapor pipes between evaporators must be sufficiently large, because at 
the same speed and given pressure of vapors the losses of vapors increase 
with decrease of the diameter of vapor pipes. If the bodies of a multiple 
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effect are connected by too small vapor pipes, the vapors become super-
heated, and evaporation capacity of evaporator is decreased. 

If the pressure of exhaust steam to the first body of a multiple-effect is 
increased, or pressure of vapors of the last body is reduced, the capacity of 
the multiple-effect can be increased. 

References 

Frew, R., 1972 . Int. Sugar J., 74 : 297—299. 
Hugot, E., 1950 . La Sucerie de Cannes. Dunod, Paris. 
Jenkins, GfH., 1966 . Introduction to Sugar Cane Technology. Elsevier, Amsterdam, pp. 

2 4 1 - 2 4 2 . 
Nash International, 1964 . Nash International, Norwalk, CT, Bull. No. 472-A, p. 2. 
Rodriguez, B.M. and Blanchard, A.M., 1977. Am. Soc. Sugar-Cane Technol. , 6: 123—127. 
Serbia, G. and Balza, J., 1965 . Proc. 12th Congr. Int. Soc. Sugar-Cane Technol. , Puerto 

Rico, pp. 1701—1705. 
Tromp, L.A., 1946 . Machinery and Equipment of the Cane Sugar Factory. Roger, 

London. 
Webre, A.L., Sr., 1 9 6 1 . Sugar Azucar, 56 (8 ) : 2 9 - 3 1 . 
Webre, A.L., Sr., 1 9 6 1 . Sugar Azucar, 5 6 ( 1 0 ) : 3 1 - 3 4 . 
Webre, A.L., Sr., 1 9 6 3 . Sugar Azucar, 5 8 ( 7 ) : 37—42. 
Webre, A.L., Sr., 1 9 6 4 . Sugar Azucar, 5 9 ( 4 ) : 54—57. 
Zagrodski, S. and Dobrzycki, 1 9 6 9 . Int. Sugar J., 7 1 : 235—237. 



173 

Chapter 11 

VACUUM PANS 

After being evaporated in a multiple-effect evaporator to a syrupy con-
sistency, clarified juice must be evaporated further for the sugar to crystal-
lize. This is accomplished in a vacuum pan, a vessel in which syrup is boiled 
under vacuum to form a heavy mixture of crystals and mother liquor, called 
massecuite. 

Types of Vacuum Pan 

Vacuum pans are single-effect evaporators varying in size up to 14 ft 
diameter (4.270 m), and sometimes even larger. There are several types of 
vacuum pan, including the coil, regular calandria, and ribbon calandria. 
Recently, the Fives—Cail—Babcock Company has developed a horizontal 
vacuum pan with heating plates. There is also the Swenson F.C. continuous 
vertical crystallizer and the Langreney horizontal vacuum pan. Both of these 
latter types are promising, but are still at the experimental stage. 

Description of Vacuum Pans 

A standard calandria vacuum pan has a calandria similar to that of an 
evaporator, but the tubes are shorter and of larger diameter (Figs. 11.1 
and 11.2). Tubes are from 3—5 ft long (1.220—1.524 m) and 3—4 in in diam-
eter (77—98 mm). The central downtake in modern calandria vacuum pans 
is large, permitting better natural circulation. In most pans, the body above 
the calandria has an extended diameter. The calandria of the vacuum pan is 
provided with an outlet for non-condensable gases into the atmosphere, and 
a trap for condensed steam. The vacuum pan has both a catch-all, which 
must be very efficient to prevent entrainment, and a condenser. The charging 
device through which syrup or diluted molasses is fed into the vacuum pan 
should distribute the liquor evenly in small portions at several points below 
the calandria. This will prevent the possible formation of a gusher of feed 
liquor, which is of lower Brix than the massecuite, and which may be pulled 
into the catch-all by vacuum. For quick rise of vacuum, steam-operated or 
water ejectors can be used to eliminate dry vacuum pumps. To improve circu-
lation in an older type vacuum pan with a deep bottom, small downtake and 
high calandria, forced circulation can be obtained by installation of a Webre 
mechanical circulator or some other type of mechanical circulator. 
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Fig. 11 .1 . Low-head calandria vacuum pan, showing extended belt and instruments 
(courtesy of Glades Sugar House, FL, U.S.A.). 

Mechanical Circulators 
The circulator tip speed generally varies from 18 to 24 ft s"1 (5.5—7.3 m 

s - 1) with an average of 21—22 ft s"1 (6.4—6.7 m s"1). Circulators are made of 
stainless steel, bronze or carbon steel. The most efficient impeller is of the 
axial-flow type. However, in low-grade calandria pans with high resistance 
and viscosity of low-grade massecuites the efficiency difference between 
circulators has a tendency to disappear. 

Coil Vacuum Pans 

A coil vacuum pan produces better natural circulation than a calandria 
pan, though its heating surface is smaller and some of the massecuite does 
not come in direct contact with coils. Heat is transferred through the masse-
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Fig. 11 .2 . A pan floor with three modern extended-belt vacuum pans (courtesy of BMA, 
Braunschweig, G.F.R.). 

cuite. For this reason, high-pressure steam is required in the coils. There are 
fewer and fewer coil pans now used in boiling raw sugar, because of this re-
quirement for high-pressure steam, up to 60 psig (420 kN m~2). A calandria 
vacuum pan requires only exhaust steam with pressure from 4—8 psig (28— 
56 kN m"2), because every part of the massecuite comes in contact with 
the calandria tubes as it travels upward through them. 

Ribbon Calandria Vacuum Pan 

The advantage of the ribbon calandria vacuum pan with circular ribbon 
elements or spiral ribbon is that heavy Brix massecuite can be easily dis-
charged because of the spacing of the ribbons. These vacuum pans are used 
in the refineries of both Tate and Lyle and the Savannah Sugar Refining Corp. 
(U.S.A.) for heavy boiling of refinery strikes. The ring-type vacuum pan 
deserves closer study (Clarke, 1963). It can be used not only for refinery 
white sugar massecuites, but for boiling remelt or raw sugar massecuites as 
well. Seventy two percent of the heating section is open and this allows a 
heavy density boiling, which may increase crystal yield of white sugar strikes 
by 8-12%. 

In the ribbon ring-type vacuum pan used for boiling white sugar, all 
exposed surfaces above the heating elements should be either stainless or 
stainclad steel. The heating elements consist of concentric rings and an 
outside jacket on the bottom and side of the heating section. Each ribbon 
ring is supported on blocks and rests on four heavy support brackets in the 
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bottom of the pan. Each ribbon has a 4 in (101.6 mm) nozzle steam inlet 
and a 2.5 in (63.5 mm) similar condensate line. Non-condensable gases are 
evacuated from ribbon rings into steam space. The ribbon is free to expand 
and the spacing is maintained by four 2.0 X 0.5 X 0.1875 in (50.8 X 12.7 X 
81 mm) spacer blocks. 

The syrup is fed into the vacuum pan through 12 slots in a ring around 
the foot valve. In a vacuum pan for white sugar massecuites, if heavy boiling 
is made, there is a 4 in (101.6 mm) ring under the catch-all for spraying 
lubricating liquor. An individual vacuum pump is used to bring the initial 
vacuum to 20 in (68 kN m"2 ) before boiling. The ribbons for white sugar 
pans are designed for a working pressure of 85 psig (600 kN m"2). However, 
good circulation can be maintained at 15 psig (105 kN m"2) steam pressure 
with the level of massecuite of 6—7 ft (1.8—2.15 m) above the heating sur-
face. No mechanical circulator is required in ribbon ring vacuum pans 
because of good natural circulation. 

Segura Vacuum Pan 

Another vacuum pan deserving special attention is the "Segura" high-
speed vacuum pan (de Kryger, 1963). In this calandria vacuum pan the down-
take is located on the periphery of the calandria (Fig. 11.3). Therefore, the 
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calandria has a smaller diameter than that of the vacuum pan. In the down-
take are installed 20 inclined baffle-plates, forming a helical screw. The 
upper tube-sheet plate is horizontal, while the bottom one forms an inverted 
cone parallel to the bottom of the vacuum pan. The tubes of the calandria 
decrease in length from the center toward the periphery. The steam enters the 
calandria steam chest at the center of the bottom through a steam pipe inside 
a larger pipe. A vacuum is maintained between the steam pipe and outer pipe 
to prevent overheating of the massecuite where it comes in contact with the 
steam inlet. 

The non-condensable gases are expelled at the periphery of the calandria. 
The average hydrostatic pressure in the "Segura" vacuum pan is lower than 
in the conventional calandria because the calandria tubes are shorter at the 
outer rings and consequently are subject to a lower hydrostatic pressure. The 
circulation of massecuite in the "Segura" vacuum pan projects the masse-
cuite higher at the center than on the periphery, following the shape of a 
cone. The massecuite moves outward and downward and is also displaced 
sideways following a helical movement because of the inclined baffle-plates 
in the downtake. 

This type of vacuum pan does not require the same pressure of steam as 
an ordinary calandria pan, and does not need any mechanical circulator. The 
feed liquor is fed through an outside ring pipe with outlets into each section 
of a peripheral downtake. This pan can also be used for boiling with a 
minimum volume of footing. The modern vertical vacuum pan has an ex-
tended belt, and massecuite is boiled not higher than 5—6 ft (1.5—1.8 m) 
above the upper tube-sheet. 

Horizontal Vacuum Pan 

In the new type horizontal vacuum pan the massecuite is heated by plate 
heaters. This vacuum pan designed by Fives—Cail—Babcock Company is built 
to boil a low-head strike above heating elements and requires only low pres-
sure steam. A horizontal vacuum pan has 1.4 times the heating surface of a 
modern calandria vacuum pan of the same capacity. The low height of 
massecuite above the heating elements makes it possible to obtain maximum 
exhaustion of molasses (Figs. 11.4 and 11.5). 

Continuous Horizontal Vacuum Pan 

This type of vacuum pan was adapted by the Fives—Cail—Babcock Compa-
ny for continuous boiling of massecuite in refineries and also for boiling low-
grade massecuites. In this fully automatic vacuum pan, the massecuite moves 
continuously from one compartment to another by overflowing a series of 

Fig. 11 .3 (facing page). "Segura" high-speed vacuum pan with downtake on the periphery 
of the calandria (courtesy of Segura—Bartoli, Spain). 
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baffles, which actually form compartments. The first liquor charge is seeded 
automatically and continuously by a slurry of powdered sugar proportionate 
to its volume, and in each compartment the massecuite is fed by liquor. The 
massecuite is withdrawn from the last compartment by pump. Continuous 
horizontal vacuum pans are used in sugar refineries and have also been used 
for boiling low-grade massecuites. 

Fig. 11 .4 . Fives—Cail—Babcock horizontal vacuum pan (courtesy of Fives—Cail— 
Babcock, Paris, France). 

Selection of Vacuum Pan 

In selecting a vacuum pan, the relative volumes of total working capacity 
and of footing charge must be considered. The ratio of massecuite volume to 
footing volume must be high. Steam consumption must be low. The maxi-
mum height of massecuite above the tube sheet of the calandria must be low 
to minimize hydrostatic head and ensure good circulation. 

Condensers 

The type of condenser for a vacuum pan must be selected according to 
the availability of water and the maximum rate of evaporation, which may 
be 17 lb ft"2 h"1 (83 kg m"2 h"1) for footing strike, 14 lb ft2 h"1 (68 kg 
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Fig. 11 .5 . Fives—Cail—Babcock horizontal vacuum pan in (a) cross-section and (b) eleva-
tion: 1-shell; 2-front cover plates; 4-steam chests; 5-heating plates; 6-11-22-vents for non-
condensable gases; 7-drain for condensate; 9-10-feed pipe; 12-wash line; 14-auxiliary dis-
charge; 15-vacuum breaker; 16-atmospheric relief valve; 17-catch-all and vapor outlet; 
23-discharge; 24-25-sight glasses; 28-seeding funnel; 29-thermometer for automatic pan 
control; 30-36-automatic control connections; 32-thermometer for massecuite tempera-
ture; 33-proofstick; 34-pan microscope connection; 38-condensate level; 39-calibration 
scale. (Courtesy of Fives—Cail—Babcock, Paris, France.) 
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m
-2
 h"

1
) for Ά'- and 'B'-grade strikes and 8 lb ft

2
 hf

1
 (39 kg m"

2
 h"

1
) for 

'C'-grade strikes (Nash International, 1964). When using counter-current type 
condensers, approximately the following amounts of injection water are re-
quired per 1000 ft

2
 (93 m

2
) of heating surface (HS) of vacuum pan at 85°F 

(29°C) and 95°F (35°C), respectively: 900 gal min"
1
 (3.4 m

3
 min"

1
) and 1100 

gal min"
1
 (4.15 m

3
 min"

1
); for a multi-jet condenser 1200 gal min"

1
 (4.54 m

3 

min"
1
) and 2000 gal min"

1
 (7.57 m

3
 min"

1
). If a counter-current condenser 

is too small for the vacuum pan, or there is not enough water, the vacuum 
can be increased by installing a vacuum pump (Figs. 11.6 and 11.7). 
However, vacuum pumps do not work satisfactorily with multi-jet 
condensers. The connection between condenser and leg pipe must be a steep 
cone, which will accelerate water discharge from the condenser and prevent 
bridging. 

PAN #1 PAN * 2 . PAN»3 

HOGGING PUMP FOR 
QUICK PULL-UP 

MANIFOLD FOR 
HOGGING PUMP 

Fig. 11 .6 . Sketch of Nash vacuum pump on counter-current condenser serving vacuum 
pan, and vacuum pans with individual Nash vacuum pumps (courtesy of Nash Engineering 
Co., South Norwalk, CT, U.S.A.). 
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Fig. 11.7 . Two Nash CI-403 vacuum pumps in vacuum pan service in a Hawaii sugar mill 
(courtesy of Nash Engineering Co., South Norwalk, CT, U.S.A.). 

Pipes and Hydraulics 

Cut-over Pipes 

For developing large grain the massecuite must be cut from one pan to 
another, occasionally several times, through a 'cut-over pipe' connecting the 
vacuum pans. These pipes must be 8—12 in (200—300 mm) in diameter. This 
operation requires careful attention. Perfectly good strikes can be ruined 
during transfer. The massecuite to be cut must be in the safe oversaturation 
range and have some factor of safety. The receiving pan should be stabilized 
at about one inch absolute pressure higher than in the donor vacuum pan. 
The steam to both vacuum pans must be shut off. The vacuum must then be 
broken in the pan containing massecuite, and the cut-over valve gradually 
opened. When the desired volume of massecuite has been transferred, the 
cutover valve is closed, and vacuum gradually raised in both vacuum pans. 
Steam is then introduced into the calandria and boiling is resumed in both 
pans. 

If the cut-over pipe is blocked with old massecuite, care must be taken not 
to overheat the massecuite with steam, because an explosion may occur and 
shatter the pipes (Foster, 1975). 
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Hydraulic Valves 

Large vacuum pans can be equipped with hydraulically-operated valves, 
which save considerable time in starting up and discharging a strike. 

Injection Pipe for Seeding Strike 

The pipe through which the slurry of fondant sugar or dry powder is 
drawn into the vacuum pan should be extended to the downtake of the 
vacuum pan and the end submerged ca. 2 ft (0.6 m) into the liquor, so that, 
if dry seed is used, the powder will not be sucked into the condenser by 
vacuum, or lie on top of the tube sheet and caramelize. This injection pipe 
should be about 2 in (50.8 mm) in diameter. 

Piping for Steaming the Vacuum Pan 

Piping should be provided for steaming the vacuum pan after discharge of 
each strike. A steam ring consisting of perforated pipe must also be located 
near the catch-all and connected to the vacuum pan steaming arrangement. 
The whole steaming system of the vacuum pan should be controlled by one 
valve, so that when a strike has been finished and discharged, the sugar boiler 
can thoroughly clean the whole vacuum pan with minimum steam by 
opening a single valve. 

Vacuum Pan Instrumentation 

Each vacuum pan is equipped with a vacuum gauge and a pressure gauge 
for steam entering the calandria. It also has a glass tube to show the level of 
condensate water in the calandria, and a thermometer indicating temperature 
of the massecuite. For greater precision in boiling massecuite, each vacuum 
pan, especially the vacuum pan for graining, can be equipped with automatic 
control instruments. These instruments are not labor-saving devices, but 
facilitate the work of boiling sugar and prevent mistakes on the part of the 
sugar boiler. The vacuum pan should have automatic control of water 
injected to the condenser, supersaturation instruments, which are manufac-
tured by Fisher and Porter Co., Honeywell Co., as well as some European 
manufacturers, and an automatic feed valve, which may be activated by a 
Webre mechanical circulator, an automatic sugar boiler developed by the 
Savannah Sugar Refinery or a Baikow—Nilsson Tor-Con. 

Webre Mechanical Circulator 

The automatic feed control activated by a Webre circulator, as originally 
designed, was not sufficiently sensitive and during feeding, massecuite was 
diluted more than it should have been. On the other hand, when the valve was 
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closed it remained closed for longer than it should have, with the massecuite 
becoming too tight. Periodic tightening and loosening of massecuite can cause 
formation of false grain, especially in a high-purity strike when it is finally 
brought together. Now corrected by the Honeywell Company, the feed 
control is much more precise. 

Automatic Sugar Boiler 

This instrument was designed by and used in the Savannah Sugar Refinery. 
It measures the increase of density of sugar syrup as it is being boiled in the 
vacuum pan. A shaft with a fixed pair of impellers with alternate left- and 
right-hand pitch to prevent thrust on the motor is driven by a 0.25 h.p. DC 
variable-speed motor. A weight rod with weights suspended on it is attached 
to the motor to obtain the desired resistance. The increase in density creates 
increased resistance to the rotation of the impellers and the whole motor 
tilts and activates the feed valve. The shaft is inserted in the vacuum pan 
above the upper tube-sheet of the calandria. 

Tor-Con 

The Tor-Con is a very sensitive instrument which can be used for either 
automatic or manual continuous feeding of the vacuum pan with feed liquor 
(Fig. 11.8). This instrument was developed to indicate, record and control 
the consistency of liquids and slurries, particularly for vacuum pan operation 
in sugar boiling. It consists of a rotating paddle driven at a constant speed by 
a synchronous fractional-h.p. motor. The torque required to rotate the 
paddle at constant speed is measured, and a proportional electrical output 
signal is derived which operates an indicator and may also operate a recorder 
and automatic feed valve. The Tor-Con should be installed about 3—6 
in (76.2—152.4 mm) under the calandria bottom tube-sheet. 
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Electroconductivity Instruments 

The operation of the "Suma" cuitometer is based on electroconductivity 
of massecuite. Stainless-steel electrodes are inserted into the vacuum pan and 
the variation in electroconductivity is recorded on a chart. 

Measurement by Heat Transfer 

An instrument for measuring heat transfer in a vacuum pan was intro-
duced by Ditmar—Jansse. It measures and records the vapor pressure above 
the massecuite level and pressure of water vapors in a sealed container sub-
merged in the vacuum pan downtake. These indications are correlated to 
supersaturation. The instrument and theory are described by Bosworth 
(1959). 

Other Vacuum Pan Instruments 

There are several types of vacuum pan crystalscopes for visual observation 
of the crystal and its behaviour in a vacuum pan, which may greatly assist 
the work of the sugar boiler. 

A pan refractometer can be installed in a vacuum pan. A refractometer is 
very helpful for determining the proper moment for seeding. 

A polaroid camera can be used for photographing massecuites or sugar 
samples through a microscope with magnification of 10X or 20X. These 
photographs provide a permanent record of different samples for reference. 

Preparation of Molasses (Run-off) for Reboiling 

Massecuites contain false grains which pass through the perforations of the 
centrifugal screen, and sometimes even the large crystals penetrate into the 
run-off through a broken screen in centrifugals or from an overloaded 
basket. Before molasses (run-off) from centrifugals is pumped to the pan 
floor to be re-cycled in the vacuum pan, it must be properly diluted and all 
false grain completely dissolved. 

A practical automatic dilution tank was designed by A.L. Webre, Sr. At 
the bottom of the tank is a tunnel in which a small motor-driven propeller 
is installed horizontally. The run-off from centrifugals and the dilution water 
are directed toward the tunnel to insure a thorough mixture. The level in the 
dilution tank is kept constant by means of a float in a small separate tank. 
The diluted molasses is heated by a steam heater controlled by a thermostat. 
The diluted molasses is constantly pumped up to the pan floor when the 
desired Brix has been obtained. 

The density of the diluted molasses is automatically controlled by means of 
a small constant-volume tank suspended on a balance arm, with an adjustable 
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counterweight, which can be adjusted to have diluted molasses of the desired 
Brix. The dilute molasses is pumped through a small pipe from the circula-
tion pump into the constant-volume tank, and overflows into the small tank 
with the float, and back into the dilution tank until correct Brix is reached 
(Spencer and Meade, 1945). 

Fig. 11 .9 . Feed-line molasses conditioner/feed regulator for low-grade vacuum pan: 
(1) ejector nozzle; (2) injector nozzle; (3) diffuser; (4) high-pressure steam valve; (5) pan 
calandria incondensables-extraction valve; (6) molasses feed valve; ( 7 , 8 ) standard Tees; 
(8a) nozzle plate; (9) diffuser exit pipe; (10) mixer tank; ( 1 1 , 1 2 , 1 3 ) concentric circular 
baffles; (14) cone deflector; (15 ) feed outlet valve; ( 1 6 , 1 7 ) thermometers. 

m 
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Another way to condition molasses for reuse in the vacuum pan is by 
installation of a conditioner for feed (Mishra, 1977). The incondensable 
gases, along with the accompanying vapors from the vacuum pan calandria 
gas manifold are drawn through the injector, while high-pressure steam 
enters through the ejector nozzle where it expands, and the emerging high 
velocity steam jet entrains with it the incondensable gases. This mixture 
enters the injector nozzle where the fluid stream is accelerated and high-
velocity converging fluid jet is injected into the diffuser tube throat, creating 
a low pressure zone into which is sucked the undiluted feed molasses. The 
feed molasses is instantly heated by condensing steam and incondensable 
gases and forced through a diffuser tube into a mixing tank at the bottom. 
This small cylindrical mixing tank is divided into four annular compartments 
by the three co-axial cylindrical baffles. Two baffles are welded to the 
cover plate, and one baffle is welded to the bottom of the mixing tank. There 
is sufficient clearance so the feed molasses can travel from one compartment 
to another, dissolving all crystals. When the crystal-free feed molasses is drawn 
into the bottom of the vacuum pan, the incondensable gases are violently 
separated from the feed liquor and are sucked into the condenser, enhancing 
the circulation, heat transfer and rate of boiling (Fig. 11.9). This crystal-
dissolving apparatus must be attached to a vacuum pan, but occupies little 
space. 

This method of removal of incondensable gases produces complete deaera-
tion of the calandria, maximum heat recovery from the incondensables, 
better circulation of the boiling massecuite and reduction of load on the 
condenser. However, an inconvenience is that run-off molasses from centri-
fugals with all undissolved crystals must remain in molasses tanks on the pan 
floor until it is fed into a vacuum pan through this apparatus. 

Pan Floor Molasses Tanks 

The run-off from centrifugals, undiluted or diluted, is pumped to the 
storage tanks on the pan floor (Fig. 11.10). These storage tanks for 'Α'- and 
Έ'-grade molasses must be provided with heating coils for steam, which can 
be perforated, and with perforated coils for blowing compressed air. This is 
very important in order to help in dissolving any crystals remaining in the 
molasses. Air will also prevent sugar crystals from settling at the bottom of 
the tank and becoming a medium for growth of thermophilic bacteria. Cane 
sugar products do not foam easily and the introduction of compressed air is 
not dangerous. The Nash liquid ring air compressor is very suitable for 
producing air agitation, because air delivered from the compressor is free of 
oil and dirt. The oil which may be introduced in diluted run-off s has a 
tendency to form a film on the heating surface in a vacuum pan and reduce 
heat transfer. 
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Fig. 11 .10 . Pan floor of cane sugar factory in Sudan with a row of 10 vacuum pans. Syrup 
and molasses tanks are to the right (courtesy of BMA, Braunschweig, G.F.R.). 

To determine the discharge pressure the following formula can be used 
(Nash International, 1964) 

/ Head of liquid (ft) X specific gravity \ 
Discharge (psig) = y — J 5 psig 

Holes of 0.125 in (3.2 mm) diameter in the pipe are sufficiently large for 
liquid agitation. The amount of air necessary for agitation is indicated in 
Table I. 

TABLE I 

Air necessary for agitation of liquid 

Air No. holes 
( f t3 min"1) 

1/8 in (3 .2 mm) 5/32 in (4 mm) 3 /16 in (4 .75 mm) 

100 33 25 15 
200 67 51 30 
300 100 75 45 
400 140 100 60 
500 170 125 75 
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Calculation of Expected Volume of Massecuite 

Each vacuum pan should be calibrated, and the volume of massecuite 
boiled must be recorded and volume of each class of massecuite produced 
calculated per ton of sugar cane ground. 

If the volume and Brix of juice and syrup is known, and cu.ft. of each 
class of massecuite has been previously determined, it is quite simple to cal-
culate the volume of massecuite to be boiled from stock at prevailing purities 
of juice. 

If a sugar factory produces: 

3.2 ft
3
 (0.09 m

3
) of Ά'-grade massecuite per ton of cane 

2.1 ft
3
 (0.06 m

3
) of 'B'-grade massecuite per ton of cane 

1.1 ft
3
 (0.03 m

3
) of 'C'-grade massecuite per ton of cane 

and there is a full clarifier of 80 000 gal of juice at 15° Brix and 1000 ft
3
 of 

syrup at 63° Brix are in stock, and it is required to calculate the approximate 
volume of massecuite to be boiled, we will proceed as follows: 

Weight of juice will be 80 000 X 8.83 = 706 400 lb, 
weight of clarified juice which was needed to produce 1000 cu.ft. of syrup = 

1000 X 81.358 / [ l - ( ) ]
 =

 341 840 lb (1.55382 X 10
5
 kg) 

Hence, the total amount of original clarified juice in clarifier and syrup, less 
10% for recirculation from vacuum filters was: 

(706 400 + 341 840) - 104 824 = 943 416 lb (4.27934 X 10
5
 kg) 

and at 90% dilute extraction it was extracted from 

943 416 
= 524.12 ton cane. 

0.90 X 2000 
From this amount of sugar cane can be boiled : 

Ά'-grade strikes (524.12X 3.2) = 1677 ft
3
 (47.5 m

3
) 

'B'-grade strikes (524.12X 2.1) = 1100 ft
3
 (31.15 m

3
) 

'C'-grade strikes (524.12 X 1.1) = 576 ft
3
 (16.3 m

3
) 

Total massecuite to be boiled = 3353 ft
3
 (94.95 m

3
). 



189 

References 

Bosworth, R.C.L., 1959. In: P. Honig (Editor), Principles of Sugar Technology, Vol. 2. 
Elsevier, Amsterdam. 

Clarke, E.G., 1963. Sugar Azucar, 58(8): 24—26. 
De Kryger, Α., 1963. Sugar Azucar, 58(2): 20—21. 
Foster, D.H., 1975. Int. Sugar J., 77: 99—103. 
Mishra, S.P., 1977. Int. Sugar J., 77: 99 -103 . 
Nash International, 1964. Nash International, Norwalk, CT, Bull. No. 427-A, p. 11. 
Spencer, G.L. and Meade, G.P., 1945. Cane Sugar Handbook. John Wiley, New York, NY, 

8th edn., pp. 236—237. 



191 

Chapter 12 

BOILING OF RAW SUGAR MASSECUITES 

The most commonly used methods of crystallizing sugar and exhausting 
the final molasses are two-, two and a half-, three- and four-strike boiling 
systems. Ideally, maximum crystal yield and maximum exhaustion of final 
molasses should be obtained, with the fewest possible strikes. However, in 
practice, the purity of the footing strike, purity of syrup, purity drop from 
strike to molasses and purity of low-grade massecuite to be boiled must all 
be taken into consideration. If apparent purity is used as an index, then the 
amount of invert sugar present is an important factor. In most cases, 
apparent purity of the low-grade massecuite ('C') must be in the range 
58—61° to have satisfactory exhaustion of final molasses and maximum 
recovery of sucrose. 

In current practice, all strikes are boiled and crystallized on existing or 
specially prepared footing. Generally, for low-grade 'C massecuite a special 
footing strike is boiled, but footing for higher grade massecuites is prepared 
by making a magma from 'C sugar mixed with syrup, clarified juice or water. 
It is advisable to use hot clarified juice or water for preparing magma, 
because more fines, false grain and undesirable types of grain will be dis-
solved, and the grain of the magma will be more uniform. The Brix of the 
footing magma must be about 88° in all cases, and a smaller volume of juice 
or water than of syrup will therefore be used in preparation of magma. 
Purity of the footing magma has an important effect on the .quality of raw 
sugar produced. 

Footing Strike 

In order to have good quality and high purity 'C'-grade sugar which will 
exhaust molasses to the maximum, the footing strike must be very well 
boiled, and even^sized, uniform and hard crystals free from conglomerates 
must be obtained. Webre (1962) has developed a system of graining on Ά'-
grade molasses by which very uniform crystals are obtained. However, 
correct development of this type of crystal requires additional time in the 
vacuum pan, and apparent purity of Ά'-grade molasses should not be below 
68°. It is possible to grain on lower purity molasses, but the resulting footing 
strike will be of poor quality and certainly will not be desirable for use as 
footing for *C massecuite, if high-quality sugar is to be developed from 'C 
sugar used as footing. In some cases it is advisable instead to grain on syrup 
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of 78—85° purity in order to have a hard and sharp crystal, and feed the 
strike with Έ ' molasses, after a good crystal has already been established. 
Irrespective of the boiling system used, a good footing strike must be boiled. 
The footing strike can be grained on syrup, a mixture of Ά ' molasses and 
syrup, or Ά ' molasses alone, providing the purity of this charge is not less 
than ca. 68° apparent purity. 

Preparation of Seed and Graining 

It is desirable to grain with fondant sugar or 10X powder suspended in 
isopropyl alcohol or polyethyleneglycol 200, which is most advisable for 
fondant sugar suspension. However, if alcohol is not available, the powder 
can be used dry. For seeding a footing strike the amount of powder 
required is 1 lb per 1000 ft

3
 (16.9 g m"

3
) of finished 'C massecuite. How-

ever, the amount can be varied depending on local conditions. The correct 
amount can be determined by experimentation. 

One footing strike can be boiled for two, three or four 'C strikes. The 
amount of grain to be developed depends on the number of 'C strikes to be 
boiled from one footing strike. The more 'C strikes to be boiled out of one 
footing strike, the more grain the footing strike must have. When the vacuum 
pan has no instruments for determination of supersaturation (see Chapter 13, 
where supersaturation is fully described), the syrup can be tested by 
taking a little between thumb and index finger. If it has boiled to such a 
consistency that the fingers can be separated about an inch without breaking 
the thread, then it can be seeded. Of course, for more accurate work it is 
preferable to use instruments indicating supersaturation. A popular example 
of one such instrument is that manufactured by Fisher and Porter. Apparent 
purity of the initial charge must be calculated in such a way that apparent 
purity of the completed footing strike will not exceed 68—70°. 

Method of Boiling Footing Strike 

Each sugar boiler has his own individual way of boiling the footing strike, 
but one successful way is to reduce the vacuum to 22 in for a few minutes 
after seeding, when grain is established, and then to let the vacuum rise by 
itself to 26 in. This procedure will make the formed grain hard and sharp. 
The feeding of the strike should be started as soon as hardness and sharpness 
of crystal can be felt by touch. If the vacuum pan is equipped with an 
automatic control for water supply to the condenser, the amount of water 
can be increased and consequently vacuum will rise at the rate of 1 in every 
2—3 min, and during that period the strike must be watched carefully. When 
the vacuum is lowered, the temperature of the massecuite rises. At the higher 
temperature the small and false grain will be dissolved and the remaining 
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grains will be harder, sharper and more uniform. After the desired type of 
crystal is obtained, the sugar boiler need only watch and feed the footing 
strike properly. 

If the footing strike is to be grained on syrup of about 84° apparent 
purity, then the strike should be fed with one third of 'A' molasses of ca. 
68° apparent purity and one third with 'Β' molasses ca. 55° apparent purity. 
The final purity of the footing strike will be 

(84 + 68 + 55)/3 = 69° apparent purity 

If it is grained on straight 'A' molasses of ca. 68° apparent purity, no syrup 
should be added. There are many other combinations which will produce the 
desired results. A mixture of syrup and 'A' molasses can also be used for 
graining. The practical way to obtain rapid crystal growth is to grain on 
higher purity material, because crystals grow faster in a high-purity than in a 
low-purity mother liquor under the same boiling conditions. 

The footing strike is boiled to about 88° Brix and is not brought together. 
When the footing strike is completed, two thirds can be dropped to the grain 
crystallizer and one third left in the pan and used as footing for 'C masse-
cuite. The regularity of grain in a footing strike and the quality of a strike 
in general, can be endangered by the formation of false grains (secondary 
crystallization), which may be caused by: 

(1) drawing an insufficient amount of seed powder; 
(2) variation of supersaturation at the time of graining; 
(3) excessively fast boiling; 
(4) poor circulation in the vacuum pan; 
(5) presence of suspended solids (non-sugars) which can become centers 
of crystals; 
(6) high viscosity of the liquor on which the massecuite is grained. 

'C'-grade Sugar 

'C Strike 

The 'C (low-grade) massecuite is boiled primarily for the purpose of ex-
hausting final molasses. To achieve this, a large amount of crystals of the 
highest possible purity must be produced. The crystal must be small, but of a 
size and shape to be used for the nucleus of 'Α'- or Έ'-grade raw sugar. The 
crystal must be small in order to have a maximum surface to adsorb as much 
sucrose as possible from the mother liquor. In order to have 'C sugar crystals 
uniform in size and shape, and not conglomerated, the circulation in the 
vacuum pan must be free. If a vacuum pan has naturally good circulation, 
and the height of the strike does not exceed 6 ft (1.8 m) above the calandria 
upper tube-sheet, no mechanical circulator is necessary. However, if circula-
tion is sluggish, a Webre mechanical circulator can often be valuable. Better 



194 

circulation will usually improve the quality of 'C sugar and improve the ex-
haustion of final molasses. In all phases of boiling, 'C massecuite must 
remain fluid, and too rapid evaporation may lead to stiffening of massecuite 
and poor exhaustion of final molasses and development of sugar crystals. 

It should be remembered that sugar boiling is a combination of 
evaporation and crystallization, two operations which occur simultaneously, 
but which are independent of each other. Since the growth of a sugar crystal 
is retarded by the presence of impurities in low-grade massecuites, and the 
crystal is covered by a thin film of molasses, the rate of crystallization will 
be rather slow, and the rate of evaporation should not exceed it. The rate of 
evaporation must be maintained in proportion to adsorption of sucrose by 
the sugar crystal, made available by evaporation of water from the mother 
liquor. If evaporation is faster than adsorption of sucrose by the sugar 
crystal, false grain may appear because of increased supersaturation, and 
spoil the strike at any stage during boiling. Also, if concentration of salts is 
high, some sucrose will remain in solution and the mother liquor may remain 
unexhausted. 

There is an optimum size of grain for good purging and fluidity of masse-
cuite. A desirable average size of 'C sugar grain is ca. 0.35 mm. If the crystal 
is smaller, there will be unnecessary recirculation of non-sugars, which are in 
the film surrounding the crystal, and the smaller the crystal is, the more 
molasses adheres per equivalent weight of sugar. The purity of smaller-sized 
crystals will also be lower. 

It is very important in boiling low-grade massecuite to prevent rapid 
increase of supersaturation, and the rate of evaporation must be reduced by 
decreasing the pressure of vapors or exhaust steam to the calandria, or by 
lowering vacuum in the vacuum pan. The lower the degree of supersatura-
tion, the smaller is the danger of false grain formation. However, working 
the pan at low Brix will result in rapid filling up of the vacuum pan and then 
when massecuite has to be brought together, false grain may appear and 
smear all the strike at the last stage of boiling. There is also a danger of 
smearing the strike if there is insufficient dilution of molasses drawn in for 
feeding, or if the centrifugal basket has a broken screen or is overloaded, and 
sugar is mixed with the run-off. In this case a sufficient amount of hot 
dilution water must be added to molasses to dissolve all grains. In order to 
prevent formation of false grain in a massecuite it must be boiled after the 
desired crystal is formed in the metastable zone or crystal growing phase. 

During boiling, the temperature of low-grade massecuite should not 
exceed 63.0—65.5°G (145—150°F) on an angle thermometer (in the center of 
massecuites the temperature is always higher), because higher temperatures 
may cause froth 'fermentation' and foaming in crystallizers. This is an in-
accurate term, because the foaming is produced, not by bacteria or yeast, 
but by decomposition of organic non-sugars and some salts because of high 
temperature, and over-liming. This spontaneous 'fermentation' with concur-
rent release of gases occurs because of the action of reducing sugars upon 
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nitrogen substances such as amino- and amide-nitrogen when they are sub-
jected to high temperatures at high pH, and it is most pronounced at high 
Brix concentrations (Owen). In the case of foaming occurring in the 
crystallizers, this can be stopped by pouring cold water on top of the masse-
cuite. 

'C Sugar Magma 

Magma for footing 'Α' and 'Β' massecuites is prepared by mingling 'C 
sugar with syrup, clarified juice or water, as was stated above (p. 191). How-
ever, the most practical way is to use clarified juice as the liquid phase for *C 
sugar magma. Using clarified juice for preparation of magma will somewhat 
reduce the amount of clarified juice pumped to evaporators. 

Usually, more 'C sugar magma is produced than required, except when 
purity of sugar cane is very high, and therefore the excess 'C magma must be 
melted. It can be melted in a continuous melter or in batch operation using 
water or hot clarified juice, and can then be mixed with syrup. The excess 
magma can overflow the magma storage crystallizer into the hot-juice tank 
and pass through evaporators together with clarified juice. However, this 
practice will upset analyses of data for syrup by raising its purity. The 
melter for magma should be located on the pan floor and should be 
controlled and supervised by the sugar boiler, because it is in his direct 
interest that the magma is properly melted. 

Double Purging of ' C Sugar 

In some factories, double purging of 'C sugar is practiced when 'C 
massecuite has been badly boiled, or the factory has inadequate centrifugals 
for 'C massecuite. Double purging of 'C sugar can be carried out when very 
high-purity 'C'-grade sugar magma has to be used for footing 'Α' or Έ ' 
massecuites. However, double purging of 'C sugar produces the problem of 
disposal of run-off from the second purging. With continuous centrifugals, 
there is no need of double purging, because practically any purity of sugar 
can be obtained in one purging. 

Boiling Systems 

Two-strike Boiling System 

In this system, the 'A' and 'C strikes are boiled. The main difficulty is in 
obtaining 'A' molasses of purities below 60° if the

 4
A' strike is boiled from 

'C sugar magma footing and syrup, the purity of which is above 78° (Fig. 
12.1). It is possible to obtain a drop of ca. 18° between 'Α' strike and 'A' 
molasses, and possibly slightly more if the massecuite is dropped into a 
crystallizer and cooled for several hours. However, this will require a large 
number of crystallizers for 'A' strikes, and a long cooling period. Artificial 
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Fig. 12 .1 . Two-strike boiling system (Ά'-grade molasses boiled back): syrup purity 
83.0°; sugar purity = 99°; final molasses purity = 33°. 

rapid cooling of high-purity raw sugar massecuite in the crystallizer presents 
the danger of smearing the strike. A high-purity massecuite with large 
crystals and comparatively low Brix of 94° has enough voids between 
crystals to permit formation of false grain in high-purity mother liquor. If 
the 'A' massecuite is partially cooled in a crystallizer with disc cooling ele-
ments, in order to control the purity level of 'A' molasses, smearing can be 
avoided by careful supervision and very gradual cooling. In this case, the 
massecuite must be boiled very tight and cooled in continuous crystallizers 
installed in series with a countercurrent cooling system. To maintain fluidity 
of massecuite it must be lubricated with 'A' molasses, the amount of which 
is gradually increased toward the discharge end of the crystallizer. In this 
way, a rather rapid temperature drop of about 25°F can be achieved without 
smearing the massecuite. The cooling period may be 3—4 h, and the drop in 
purity of molasses can reach 21—22°. 

When purity of syrup is above 82—83°, it is necessary to recirculate a 
certain amount of 'A' molasses into massecuite 'A', in addition to cooling 'A' 
massecuite in continuous crystallizers. Also, if very high quality raw sugar 
must be manufactured, and raw sugar must be washed in centrifugals, it is 
necessary to separate run-off from wash. Therefore in the absence of contin-
uous crystallizers installed in series the only logical way to use the two-strike 
boiling system is to recirculate 'A' molasses in order to keep the purity of 
massecuite below 78°, in order that the purity of 'Α' molasses does not 
exceed 60°. Of course, the crystal yield from a 78° purity strike is not as 
high as from a virgin strike, and a larger number of 'C strikes will have to be 
boiled. Also, the higher the purity of

 4
C magma footing, the more 'A' 

molasses has to be boiled back to keep the purity of 'A' strike down. 
Recirculation of molasses leads to losses of sugar and therefore should be 
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avoided as much as possible. Of course, when the purity of syrup is below 
78°, there is no reason to boil more than two strikes ('A' and 'C'). 

However, the two-strike boiling system is not to be recommended, even 
when syrup has a low purity, if the factory produces high-grade raw sugar 
which requires washing, or if it operates in conjunction with a refinery from 
which there are high purity returns. 

Two-and-a-half Strike Boiling System 

The most sensible system of boiling, when syrup has high purity, is the 
three-strike system, which is now called the 'two-and-a-half system, in which 
the first strike Ά ' is boiled virgin. Only high-purity 'C magma and syrup are 
used in this strike. If there is a refinery connected with the raw sugar house, 
and high-purity returns of greens from the affination station or last refinery 
run-off s are returned to the raw-sugar house, these high-purity products can 
be used to top up the Ά ' strike. The purpose of boiling a virgin 'A' strike is to 
obtain the highest possible crystal yield of Ά ' sugar. 

The boiling procedure of 'A' and 'B' massecuites is as follows: 
After enough prepared 'C sugar magma has been drawn into the vacuum 
pan to cover the upper tube-sheet of the calandria, the pan is fed with syrup 
until it is full. Two-thirds of this built-up magma is cut into the first storage 
crystallizer while the one-third remaining in the vacuum pan is built-up again 
with syrup. When the vacuum pan is full again, two-thirds of its contents are 
dropped into the second storage crystallizer. Both storage crystallizers must 
be located close enough to the vacuum pan to enable footing to be pulled 
from them into the pan by vacuum, or they may be vacuum crystallizers and 
located on the same floor. When the boiling in the vacuum pan is completed 
with syrup, half of this strike can be cut into another vacuum pan and two 
Ά ' strikes completed, or, if the size of grain is satisfactory, the strike can be 
brought together and dropped for purging. This is completed massecuite Ά'. 
The purged 'A' sugar can be washed with water or left unwashed, depending 
on whether higher- or lower-polarization sugar is desired. 

The contents of the second storage crystallizer can be used for boiling two 
or four more 'A' strikes. If the grain of magma from this storage crystallizer 
is too large for boiling Έ ' massecuite, the footing for Έ ' massecuite can be 
taken from the first storage crystallizer, and the 'B' strike will be built on Ά ' 
molasses. Therefore, two Έ ' massecuites can be boiled from the contents of 
the first storage crystallizer. When all Ά ' strikes have been boiled on footing 
from the second storage crystallizer, and it is empty, one-third of the rebuilt 
magma from the first storage crystallizer can be taken into the vacuum pan 
to prepare more footing for Ά ' massecuites. After the pan has been boiled 
on syrup and the massecuite is completed, two-thirds of the pan contents are 
dropped into the second storage crystallizer. The rebuilding of 'C sugar 
magma can be resumed when both storage crystallizers are empty. Thus, 
from one footing of 'C magma, a large number of finished strikes can be 
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boiled, 40—50% of which will be Έ ' strikes. The purity of the Έ ' strike will 
be between 72 and 75°. 

In this system of boiling, the only purity controlled is that of the footing 
strike. Special attention must be paid that first or second cuts of rebuilt 
magma are dropped into their respective storage crystallizers and grain size is 
not mixed. In this system of boiling, two crystallizers with two thirds 
vacuum pan capacity must be provided for rebuilt 'C sugar magma. 
Conversely, this system requires less capacity in vacuum pans. 

If Έ ' sugar must be of very high quality, approaching that of Ά ' sugar, 
the Ά ' strike must be cooled in the continuous crystallizer by about 5.5— 
6.7°C (10-12°F) for 3 to 4 h before purging in centrifugals. This will result 
in a purity drop of about 20° between Ά ' massecuite and Ά ' molasses. The 
Έ ' massecuite (otherwise called Ά-2') is made on a footing of developed 
magma and fed with syrup, excess magma melted and Ά ' molasses. This 
massecuite must be kept at about 77—78° purity and boiled to 94—94.5° 
Brix. It also should be cooled in the continuous crystallizer before purging. 
The run-off of this strike will be about 56° purity. If this sugar is washed in 
a centrifugal, the washings must be separated from run-off and mixed with 
Ά ' molasses (Aleman, 1977). 

Three-strike Boiling System 

There are several methods for boiling three strikes. One of the ones used 
previously, and still popular in Cuba, was to boil 80—70—60° purity 
strikes. However, in this system a certain recirculation of Ά ' molasses is 
necessary to maintain the Ά ' strike below 80° purity. Therefore, this system 
could easily be replaced with the two-strike or two-and-a-half strike boiling 
systems described above. 

Four-strike Boiling System 

Four-strike boiling is rarely used now, because the three-strike system 
with virgin Ά ' strike can easily replace it. The four-strike boiling system is 
based on the natural drop of purity from strike to strike when syrup purity 
is very high. The first strike is boiled on seed and syrup, and the following 
strikes are boiled on similar seed and molasses of the preceding strike. The 
low-grade massecuite is the only strike with controlled purity of ca. 58° and 
is boiled on a footing of syrup boiled to grain. The sugar from the crystallizer 
strike is mingled with syrup to magma to make a footing for all three 
preceding strikes. In this system there is hardly ever an excess of magma and 
therefore it is not melted. The final sugar resulting from all these massecuites 
consists of three different types and the crystals are generally small and not 
very uniform. For this system, more vacuum pans are needed if sugar has to 
be developed into larger crystal, and more molasses tanks are required. This 
system was used before the system of seeding with powdered sugar was 
adopted universally. 
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Double Einwurf (Triple-seed) System 

The Double Einwurf system of boiling raw sugar is especially 
advantageous for a raw sugar factory which also has a refinery, particularly 
if the refinery has no affination station (see Lopez Carsolio, 1957; Toca, 
1976, 1977). In the Double Einwurf system, though three strikes are boiled, 
only one type of washed raw sugar is produced from 'A' massecuite (Fig. 
12.2). This system is similar in procedure to the standard three-strike boiling 
system described above, except that Έ ' sugar is not washed and is dropped 
from the centrifugal of the Έ ' battery into a separate Έ ' sugar mingler. The 
Έ ' magma is prepared with clarified juice or Ά ' sugar washings, and is used 
as footing for Ά ' massecuite which is virgin and boiled on Έ ' magma and 
syrup. It should be boiled at the highest possible purity to produce high-
purity and high-quality Ά ' sugar which can be washed with the minimum 
amount of water, and melted for further refining without being affined. If 
there is an affination station, the Ά ' sugar can be directed to it without 
being washed. In this system the footing strike for 'C massecuite is grained 
also according to Gillett's (1948) method with fondant or 10X powdered 
sugar suspended in alcohol. Therefore, in this system, only an additional 
mingler for Έ ' sugar, a Έ ' magma receiver for footing of Ά ' strike, and one 
magma rota pump are needed as additional equipment. The advantage of this 
system is that the film of molasses covering 'C sugar is not reintroduced in 
Ά ' massecuite, but reaches only Έ ' strike, and only the film of Έ ' molasses 
enters Ά ' massecuite. Hence, in this system, there is minimum recirculation 
of low-grade products. All Έ ' magma is used for footing Ά ' strike. 

S t r i k e f o r g ra in " C " S t r i k e " B " S t r i k e "A " S t r i k e 

refinery 

Fig. 12 .2 . Double Einwurf boiling system (pan strikes with triple seed). 
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Talisman Boiling System 

The Talisman system, developed by Diago (1972; see also Balerdi, 1973) 
is a three-strike boiling system in which all the commercial sugar is obtained 
from a high-purity 'A' strike. The sugar from Έ ' massecuite is made into 
magma with high-purity syrup and used as footing for Ά ' strike, and the 'C 
massecuite completes the exhaustion of final molasses. All 'C sugar is melted 
in the hot clarified juice (Fig. 12.3). 

11001 s y r u p 

830° p u r i t y 

i 1 

' A ' 

M a s s e c u i t e 

8478° p u r i t y 

1131.671 

l26~Î5l 

' B ' 

M a s s e c u i t e 

65.5° p u r i t y 

Γ26Ϊ5Ι 

'A ' m o l a s s e s 
65.5° p u r i t y 

M a s s e c u i t e 

58.5° p u r i t y 

145.191 

[75761 
C o m m e r c i a l s u g a r 

99.0° p u r i t y ( M a g m a ) 

IT 
f Î Q 7 2 l 

' B ' s u g a r 
95.0° p u r i t y 

' B ' m o l a s s e s 
45.0° p u r i t y 

IE 

124241 
Final m o l a s s e s 

33.0° p u r i t y 

120.951 
' C s u g a r 
88.0° p u r i t y 

( M e l t e d ) 

Fig. 12 .3 . Talisman boiling system (after Diago, 1972) : syrup purity = 83°; sugar purity = 
99°; final molasses purity = 33°. 

The Έ ' strikes are boiled with a footing of fine grain, resulting from 
seeding Ά ' molasses, and whole massecuite is built up with Ά ' molasses. The 
amount of seed used must be sufficient to boil four Έ ' and four 'C masse-
cuites. When the footing strike is completed it is cut into another pan. This 
footing is fed with Ά ' molasses and enough syrup to maintain purity, and is 
properly cut to produce four Έ ' massecuites for each footing. The same is 
done for 'C strikes, though the 'C massecuites are fed with Έ ' molasses. 
After purging Έ ' massecuites, the Έ ' sugar is mingled with syrup to make a 
high-purity magma, and Έ ' molasses is fed into 'C strikes. The Έ ' sugar 
grain is double the size of 'C sugar grain, and therefore massecuite Ά ' 
does not require as many cuts as it does in other systems of boiling with 'C 
sugar magma of much lower purity. The advantage of this system of boiling 
is that the commercial Ά ' sugar produced is of very high quality, there is 
maximum exhaustion of final molasses, and dissolved 'C sugar raises the 
Brix of clarified juice and therefore requires less steam and capacity for 
evaporation. Also, melted 'C sugar increases purity of clarified juice. 
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Surface-active Agents 

The addition of a surface-tension reducing agent such as Hodag CB-6 
(α-methyl glucoside ester) in amounts of 0.05—0.1 kg mf

3
 (3—6 lb per 1000 

ft
3
) of low-grade massecuite in a vacuum pan may assist boiling and crystalli-

zation as well as fluidity and circulation of massecuites. For higher purity 
massecuites less is needed. The surface tension of mother liquor may be re-
duced by 45% and the energy necessary for formation of new nuclei or for 
growth on established crystals is lessened. According to users in many sugar 
factories, the addition of this surface-active additive results in shorter pan 
cycles, more fluid massecuites, uniform crystal and improved purging in 
centrifugals. However, boiling of low-grade massecuite should not be 
accelerated, because the strike may be smeared. 

Another surface-active additive, Mazu 400, manufactured by Mazer Chem-
icals Inc., is added in the last body of the multiple-effect. This product 
decreases scaling and improves fluidity of massecuites. 

To increase fluidity and make easier the purging of high- or low-grade 
massecuites boiled from gummy juices of frozen or insect-damaged sugar 
cane, sodium hydrosulfite ( N a 2S 20 4. 2 H20> suspended in water can be 
injected into the vacuum pan when the massecuite reaches about two feet 
above the calandria. The amount of sodium hydrosulfite required is ca. 
16 g m"

3
 (1 lb per 1000 ft

3
) for the finished strike. A similar dose of sodium 

hydrosulfite can be added to the massecuite just before it is ready to be 
tightened and brought together for discharge. 

Formulas 

Cobenze's Formula 

In order to calculate the amounts of different sugar products with differ-
ent purities required to obtain a mixture of desired purity, Cobenze's, or 
rectangular, diagrams for calculating sugar mixtures can be used. The 
numbers should be arranged with the desired purity in the center and the 
higher purity number on the upper left-hand corner of a rectangle, from 
which the expected purity is subtracted, and the resulting figure placed on 
the lower right-hand corner. On the lower left-hand corner is placed the 
lower-purity figure, and this number is subtracted from the expected purity 
written in the center. The difference is written in the upper right-hand 
corner. The upper right-hand figure indicates the number of parts of the 
high-purity product to be taken, and lower right-hand figure the number of 
parts of the low-purity product. 

If purity of syrup is 83° and purity of molasses is 52°, and expected 
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purity of the strike is 61°, then it can be written as follows 

83 ,9 

61 

5 2
x
 22 

To obtain that purity, 9 parts of syrup and 22 parts of molasses should be 
taken, or for 1 part of syrup ca. 2.5 parts of molasses. 

If a footing strike should be grained on a mixture of syrup of 82° purity 
and Ά ' molasses of 64° purity and the desired graining charge must be of 
70° purity, then 

82 ^ 6 

6 4
/ // Χ Χ χ

1 2 

Hence, for 1 part of syrup should be taken 2 parts of Ά ' moisisses. 
Such diagrams can also be used for calculating the desired dilution of run-

offs and molasses with water or lighter syrups. In this case degrees Brix can 
be used instead of purities. 

Prinsen Geerlig's Formula 

The crystal yield by volume in a massecuite can be calculated from 
purities of massecuite, molasses and sugar obtained using Prinsen Geerlig's 
formula 

Purity of Massecuite - Purity Molasses 
Crystal yield (X) = X 100 

Purity of Sugar - Purity Molasses 

The amount of molasses by volume after curing = 100 - X. 
By weight, crystal yield is 

Purity of Massecuite - Purity Molasses 
Crystal yield (X) = ~ X Brix Massecuite 

Purity of Sugar - Purity Molasses 

Steam Required for Boiling Massecuites 

Webre's method of calculation (A.L. Webre, Sr., personal communication) 
is that the vacuum pan station will require steam equivalent to 20% of the 
weight of the sugar cane ground per hour for a raw yield in the neighborhood 
of 11.5%. This is equivalent to a factor of 145 lb per ton (65 kg t"

1
) of sugar 
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produced per day, grinding, for example, 6000 t.c.d. at 9.5% yield; then 

6000 X 2000 X 20%/24 = 100 000 lb 

100 000 100 000 
= = 144.92 lb 

6000 X 11.5% 690 

For 9.5% yield = 6000 X 9.5% X 145 = 82 590 lb of steam. 
To produce 1 ton of raw sugar requires 145 lb of steam in vacuum pans. 
Therefore 

Steam requirement of pan floor = Yield of raw sugar (tons) per 24 h X 145 
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Chapter 13 

CRYSTALLIZATION BY COOLING AND MOTION OF LOW-GRADE 
MASSECUITES, AND THE EXHAUSTION OF FINAL MOLASSES 

Saturation 

The state of saturation or supersaturation of the mother liquor of masse-
cuite is a very important factor in the process of crystallization or crystal 
growth in both vacuum pans and crystallizers. In general, a solution is in a 
state of saturation when it has dissolved all the sugar it can possibly hold. 
More accurately, a saturated solution is one in which an added crystal of 
solute neither dissolves nor causes crystallization. In an undersaturated 
solution the crystal dissolves, while in a supersaturated one the crystal 
induces the crystallization of excess solute (A. van Hook, personal communi-
cation, 1966). The saturation will vary, depending on solubility of sugar in 
pure and impure solutions and on variations in temperature. If the tempera-
ture of a saturated solution is lowered, the solution will become supersatu-
rated, and will tend to throw out the excess of sugar above the saturation 
point, until the sugar solution reaches anew saturation point. Conversely, if 
the temperature of a saturated sugar solution is raised, the solution becomes 
unsaturated, and will dissolve additional sugar until it becomes saturated 
again. When a certain amount of water is removed from a saturated sugar 
solution by evaporation, the solution then becomes supersaturated, and the 
excess of sugar above the saturation point will crystallize, provided the con-
ditions are appropriate. Such conditions are either a footing of crystal sugar 
or a degree of supersaturation sufficient to establish the grain spontaneously. 

Coefficient of Supersaturation 

Supersaturation is expressed by the coefficient of supersaturation, which 
is the ratio of the weight of sucrose dissolved in the solution to that of 
sucrose dissolved in water, both at the same temperature. The International 
Commission of Uniform Methods of Sugar Analysis (I.C.U.M.S.A., 1958) has 
adopted the following definition of supersaturation 

Ratio of sugar/water 
Supersaturation = 

Ratio of sugar/water at same temperature and true 
purity of saturated solution 

Since sucrose is more soluble in an impure solution containing salts than in 
pure water, the coefficient of supersaturation will always be greater than 
unity, and it will be higher in solutions where more impurities are present. If, 
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for instance, an impure sugar solution contains 290 parts of sugar per 100 
parts of water at 50°C (122°F), and, at this temperature, 263 parts of pure 
sucrose are soluble in water, the coefficient of saturation is 290/263 = 1.10. 
True supersaturation can be determined as follows 

a = ai/a2 

where: a is the true coefficient of supersaturation; ax is the apparent coeffi-
cient of supersaturation; a2 is the coefficient of saturation, 
and for calculation 

Oi = H/H0 

where: H = Pol./(100 - °Brix); H0 is solubility of sugar at a given t° from 
tables of solubility. 

Example. Brix = 84.39°; Pol. = 53.37; t° = 48.2°C; purity = 64.0°; a2 = 1.23 
(saturation). 

53.37 
Η = = 3.419 

100 - 84.39 

Solubility of sucrose (from tables) H0 = 2.566 

ax = H/H0 = 3.419/2.566 = 1.332 

α (true saturation) = aja2 = 1.332/1.23 = 1.08 

In general, higher supersaturations are required for crystallization of low-
purity materials than for high-purity sugar solutions (Gillett, 1948). 

Zones of Saturation 

Above the saturation point of sugar solutions there are three zones, the 
metastable, the intermediate and the liable zone. In the metastable zone, 
existing crystals grow, but no new ones are formed. This zone is narrower at 
high than at low purities. The upper limit of the metastable zone is approx-
imately 1.40 supersaturation for low-grade massecuite (Webre, Sr., 1948). 
Beyond it is the intermediate zone, in which new crystals are formed in the 
presence of existing crystals. In this zone, false grain may appear. In the 
liable zone, the highest of all (normally above 1.3), crystals are formed 
spontaneously, without the presence of others (Webre, Sr., 1946). 

Maintaining Supersaturation by Evaporation or Cooling 

It is clear, therefore, that for continuation of extraction of sugar from 
molasses, the mother liquor in a massecuite must be kept in a supersaturated 
state. In a vacuum pan, this is achieved by evaporating water and maintaining 
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the massecuite in the metastable zone. However, crystallization of low-grade 
massecuite can be conducted in vacuum pans only up to a certain point. 
When a low-grade massecuite has been boiled to the maximum Brix which 
still permits fluidity of massecuite, the mother liquor is in a state of super-
saturation and will continue to nourish existing crystals until it has given 
away all excess sugar and reaches equilibrium (saturation point). In low-
grade massecuites, the process of crystallization may stop while the mother 
liquor is still in a state of supersaturation, and the lower the purity of masse-
cuite the higher the point of saturation can be. At that moment, the process 
of crystallization due to evaporation ceases, and further extraction of 
sucrose from the mother liquor is made possible only by cooling the masse-
cuites and maintaining the mother liquor in a supersaturated state in the 
metastable zone. The dissolved sucrose in the mother liquor will then be in a 
supersaturated solution, and because of continuation of cooling and motion, 
depositing of sucrose on existing crystals will continue. 

Exhaustion of Mother Liquor 
How far the exhaustion of mother liquor may proceed depends on several 

factors, among them the amount of soluble salts and invert sugar present in 
solution in the mother liquor. With the exception of CaCl2, inorganic salts in 
the mother liquor increase the solubility of sucrose, while invert sugar 
decreases it. In order to estimate whether the mother liquor or final molasses 
is thoroughly exhausted and no further extraction of sucrose is possible, 
Prinsen Geerligs (1921) suggests the use of the glucose/ash ratio as an indica-
tor, in conjunction with the purity figure. 

Effect of Reducing Sugars on Crystallization 
In sugar cane products, the presence of reducing sugars salts out sucrose 

from molasses, while inorganic salts (ash) assist in retaining sucrose in 
molasses. However, an excessive amount of reducing sugars may retard the 
rate of crystallization and growth of the crystal, and if the amount of 
reducing sugars approaches the amount of sucrose in mother liquor, further 
crystallization may cease altogether. 

Temperature and Cooling Massecuite 
Another important factor in exhaustion of final molasses is the practical 

limit to which temperature of massecuite may be lowered, as well as the 
number of crystallizers available for low-grade massecuites. 

At the end of boiling, the low-grade massecuite is discharged from the 
vacuum pan into the crystallizer at a temperature of 63- -71°C (145—160°F). 
It should be cooled to about between 37.8°C (100°F) and 43°C (110°F) 
for good exhaustion of molasses, if there is cooling water of that temperature 
available. The normal rate of cooling on the average is 0.6°C h"

1
 (1°F). 

However, at the beginning of the cooling period the temperature should 
remain practically unchanged for a few hours. With gradual exhaustion of 
molasses and decrease in purity, the cooling can be stepped up, and at the 
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end of the period the cooling will be accelerated to 1.1—1.7°C h"
1
 (2—3°F), 

thus increasing supersaturation of the mother liquor. The rate of cooling 
will depend on the rate of exhaustion of molasses in the crystallizer. 

Period of Cooling 
Normally, low-grade massecuite should remain in the crystallizer for ca. 

48 h. However, this period can be lengthened or shortened, depending on the 
sugar content of the massecuite, Brix of the massecuite, the state of 
exhaustion of the mother liquor attained in the vacuum pan, ash or invert-
sugar content, and the type of crystallizer in which the massecuite is cooled. 
Also, whether the centrifugal mixer is equipped with reheating elements, or 
the massecuite has to be reheated in the crystallizer before purging, makes a 
difference. If the centrifugal feed mixer can be used for reheating massecuite, 
the time low-grade massecuite remains in the crystallizer can be shortened. 
Massecuites with a large content of invert sugar will require a longer time for 
cooling than those with a large sucrose/invert ratio. Massecuites with a large 
amount of ash must be boiled to higher Brix, and the period they should 
remain in the crystallizer for maximum exhaustion will be long. If crystal-
lizers are air-cooled by ambient air, or have small surface-cooling elements, 
the period of cooling to attain maximum exhaustion will be longer than in 
continuous crystallizers or crystallizers equipped with large surface-cooling 
elements. A continuous crystallizer is a crystallizer in which massecuite 
enters continuously at one end and leaves at the other. Continuous crystal-
lizers are generally equipped with revolving cooling elements. The water is 
circulated against the direction of movement of the massecuite. 

The period of cooling in crystallizers can be established by experimenta-
tion, but in order to prevent any possible smearing of a strike, it is advisable 
to have one, two or three batch crystallizers into which low-grade massecuite 
can be discharged and stirred for several hours with natural air cooling. 
After this, the massecuite can be run into one continuous crystallizer, or 
several installed in series. With such an arrangement, in a comparatively short 
time the massecuite can be cooled quite smoothly to the minimum possible 
temperature, which will depend on the temperature of cold water available. 

False Grain Formation 
When low-grade massecuite is discharged from a vacuum pan into the 

crystallizer, it should remain several hours without forced cooling, to avoid 
smearing and formation of false grain by rapid increase of supersaturation. 
Even in counter-current continuous crystallizers, smear can appear if cooling 
is too sudden, and massecuite should be stirred for a while before any cold 
water is admitted into the cooling elements. When the rate of cooling is 
accelerated so that the deposition of sucrose cannot keep pace with the 
decrease in solubility of sucrose, the degree of supersaturation is increased 
and may attain a value sufficient to form fresh nuclei or false grain (Spencer 
and Meade, 1945). 
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Purpose of Cooling 
The purpose of cooling in the crystallizer is to maintain the supersatura-

tion of the mother liquor in the metastable zone throughout the cooling 
process, just as it was maintained in the vacuum pan during the boiling and 
crystallization of low-grade massecuite. The rate of crystallization consider-
ably decreases with exhaustion of mother liquor, and there is an increased 
concentration of impurities, which affects the growth of a crystal much 
more than high viscosity. In any circumstances, the rate of cooling should 
not exceed the rate of growth of the crystal, just as in boiling the rate of 
evaporation should not exceed the rate at which the crystals can accom-
modate the crystallizable sugar made available by evaporation. 

Danger of Rapid Cooling 
Rapid cooling will induce formation of new crystals or will stimulate the 

growth of false grains, which are always present to some extent in a low-
grade massecuite. Small crystals grow faster than large ones, because they 
have more surface area per unit of weight than large ones and therefore can 
adsorb more sucrose. Growth rate in terms of linear increase is independent 
of size of the crystal; however, the false grain can never attain the size of 
normal crystal, which will separate properly from molasses in the centrifugal. 
Either the false grain will cause trouble in purging, or it will pass through the 
centrifugal screen and increase purity of molasses. 

Accelerated Cooling 
With the exhaustion of mother liquor, the rate of cooling can be 

accelerated. If the sugar cane contains a large amount of invert sugar, the 
mother liquor of low-grade massecuite will also have a high invert-sugar con-
tent. If such a strike is cooled rapidly, and kept in crystallizers only a short 
time, the resulting molasses will be of low apparent purity, but total sugars 
in final molasses may be expected to be large because there was not enough 
time to allow the sucrose to be sufficiently salted out. When sugar cane 
purity is high, the mother liquor of a low-grade massecuite will contain 
less invert sugar and, consequently, will have higher apparent purity, and 
rapid cooling in crystallizers will become dangerous and inefficient. Rapid 
cooling may cause an unnecessarily great increase in the viscosity of mother 
liquor and a decrease of fluidity of the massecuite. Cooling must therefore 
be controlled by proper temperature regulation. 

Viscosity 
According to van Hook (1959) the viscosity of massecuite has little or no 

effect upon rate of crystallization, but high viscosity massecuites may 
endanger stirring equipment in the crystallizer. 

Stirring of Massecuite 
The rate of stirring of massecuite in the crystallizer has only a slight 

effect on the rate of crystallization, but stirring will increase the heat 
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transfer rate, which determines the decrease in temperature of massecuite 
per unit of time (Fig. 13.1). Stirring of the massecuite is important also 
because it exposes crystal constantly to the mother liquor which still 
contains available dissolved sucrose in a supersaturated state. Rate of stirring 
for low-grade massecuite may vary from 10—20 r.p.h. for batch crystallizers 
and faster for continuous crystallizers. 

Fig. 13 .1 . Gears for stirring equipment in crystallizers. 

Dilution of Massecuite 
If the massecuite becomes too stiff and endangers mixing elements in the 

crystallizer, a small amount of water can be added to the massecuite in order 
to reduce excessive viscosity. Water can also be added to the massecuite in 
case of froth fermentation. However, this foaming can be prevented by 
boiling the low-grade massecuite at a lower temperature. In all cases, 
addition of water to the massecuite in the crystallizer should be avoided if 
possible. The massecuite can be diluted with final molasses, but this will 
increase the viscosity and concentration of impurities, and make purging of 
the massecuite more difficult. 



211 

Crystallizers 

Capacity of Crystallizers 

The net capacity of each batch crystallizer should be equal to the capacity 
of the vacuum pan from which the low-grade massecuite is discharged. It is 
safer to add 10% extra volume to the crystallizer capacity in case the masse-
cuite swells upon discharge from the vacuum pan, or some water must be 
added to the crystallizer because of excessive foaming. In calculating 
the capacity of the crystallizer, the volume of cooling and moving elements 
should be taken into consideration. 

The capacity in crystallizers per ton of cane ground in 24 h should be 
calculated on the lowest prevailing purity of sugar cane, when a maximum of 
low-grade massecuite is produced. At about 80° apparent purity of crusher 
juice, ca. 1.5 ft

3
 per ton of cane (0.042 m

3
 t"

1
) of low-grade massecuite is 

boiled; and, if this massecuite is cured for 48 h, the capacity needed will be 
3 ft

3
 (0.082 m

3
 t"

1
 ) per ton of cane crushed in 24 h. If the grinding rate is 

3000 tons of cane per 24 h, then the capacity in crystallizers must be 
(3000 X 3 = 9000 ft

3
) + 20% (for filling and emptying the batch crystallizer); 

in total, 10 800 ft
3
. If the working capacity of the vacuum pan is 1200 ft

3 

there must be (10 800/1200 = 9) crystallizers with a total capacity of 1200 + 
10% (for swelling or foaming) = 1320 ft

3
 each. If purity of crusher juice is 

higher, or crystallizers, at least the last two, work in series continuously, the 
capacity per ton of crushed cane can be reduced to 2 ft

3
. Then, for the same 

grinding rate, the number of crystallizers needed will be 

(3000 X 2) + 10%/1200 = 6 

Each batch crystallizer should always be located under vacuum pans and 
above the centrifugal feed mixer, and a sufficient drop should be provided to 
ensure quick discharge of massecuite from the vacuum pan to crystallizers 
and to centrifugal feed mixer. A batch crystallizer should hold not more 
than one strike. In case there is not sufficient drop, or crystallizers are 
located at a certain distance from the low-grade vacuum pan, a screw 
conveyor for massecuite can be installed. If massecuite discharge from a 
vacuum pan is too slow, this will reduce vacuum pan boiling capacity 
because of lost time. If the flow is sluggish because the discharge foot valve 
is too small, a larger diameter valve can be substituted. To shorten the period 
of massecuite discharge, hydraulically-operated automatic valves for vacuum 
pans should be installed, as they considerably reduce lost time. 

Rota-Pump 

In sugar factories where crystallizers are located on the ground floor, 
modern Rota-Pumps can be utilized to lift massecuite of high Brix without 
dilution to the centrifugal feed mixer, or, if necessary, into the continuous 
crystallizer, without breaking crystals (Fig. 13.2). The pipes for pumping 
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massecuite must be large (not less than 10 in or 255 mm) to decrease the 
effect of friction as much as possible. 

Continuous Crystallizers 

The installation of continuous crystallizers in combination with older, air-
cooled batch crystallizers can be very advantageous. All forced cooling can 
be done in such a crystallizer or combination of two or three crystallizers 
installed in series and using counterflow current water. The total capacity of 
continuous crystallizers can be smaller than that of batch crystallizers 
because there is no loss of time for filling or emptying the crystallizer, as 
occurs in batch-type crystallizers. A continuous system of crystallizers has 
several advantages over a batch system. There is no wasted space in the 
crystallizer while low-grade massecuite is purged. Also, when the capacity of 
a sugar factory is increased and a larger vacuum pan for 'C massecuite is 
installed, the old battery of small crystallizers may remain, and only the 
receiving crystallizer or strike-receiver shallow vessel in which the entire 
strike of massecuite is dropped should be of the same capacity as the new 
vacuum pan. 

In the past decade, many cane sugar factories have converted their batch 
crystallizers to a continuous system. Even in old sugar factories where 
crystallizers are installed on the ground floor, conversion requires very little 
investment. 

To prevent short-circuiting of massecuite in crystallizers, baffles can be 
installed as described below, or one crystallizer can be filled at the upper 
end, and at the opposite lower end the massecuite can be transferred to 
another crystallizer through a sufficiently large pipe. This will fill the 
following crystallizer from the bottom and the massecuite will be withdrawn 
from the opposite upper end by overflowing to the next crystallizer. The 
centrifugal mixer can be fed by gravity, or if crystallizers are located on the 
ground floor, by Rota-Pump. 

Types of Crystallizer 

There are various types of crystallizer. The older types, cooled by 
ambient air are U-shaped, with a large surface exposed to the circulating air. 
One of the original types with stationary water cooling tubes was designed 
by Kopke. The revolving central shaft and paddles bring massecuite into 
contact with tubes through which cold water is circulated. Cylindrical-type 
crystallizers generally have revolving water-cooling elements. In the newer 
types of crystallizer there are hollow mixing elements through which water 
can be circulated. The Blanchard crystallizer has hollow mixing arms and a 
hollow ŝ iaft through which water flows (Fig. 13.3). The arms pointing in 
a downward direction fill with water, and when these are raised, the water 
runs into the shaft and into the other arms which are down. Ragot—Tourneur 
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Fig. 13 .2 . Massecuite rota-pump: (a) elevation showing drive motor and reducing gears; 
(b) close up of pump showing rotor inside, through pipe connection; gasket for pipe 
connection is already installed (courtesy of BMA, Braunschweig, G.F.R.). 
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designed a cooling element which is a revolving continuous coil tube into 
which water enters at one end and leaves from the other end of the crystal-
lizer. Werkspoor has designed a continuous counter-flow crystallizer with 
revolving hollow discs, which has the largest cooling surface of all crystal-
lizers. All these types of crystallizer, with counterflow cooling-water systems, 
can be used as continuous crystallizers. 

Fig. 13 .3 . Blanchard batch-crystallizers at Glades Sugar House, Florida. Recently, these 
crystallizers were adapted to form a continuous system (courtesy of Glades Sugar House, 
FL, U.S.A.). 

Honiron Rotary-coil Element 
The Honiron Company (Triviz, 1972) has designed a rotary-coil element 

which can efficiently cool or reheat heavy and viscous massecuites (Fig. 
13.4). The hollow shaft is 10 or 12 in (254 or 305 mm) schedule-80 seamless 
steel pipe. The batter and support cross arms which go through the shaft as 
well as the return pipe are also schedule 80-seamless steel pipe. The rotary 
coil is made up of 2 in (50.8 mm) schedule 40-seamless steel pipe, the whole 
assembly being welded. The coefficient of heat transfer is 6—12 BTU/ft2/h/ 
°F, depending on the type of massecuite cooled. Heating surface (HS) of 
this heat exchanger is ca. 0.65 ft2/ft3 of massecuite. Existing crystallizers can 
be easily converted by installing a Honiron heat exchanger between flanges. 
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Fig. 13 .4 . Honiron rotary coil element for cooling or reheating low-grade massecuite 
(courtesy of Honiron Engineering Co., LA, U.S.A.). 

Revolving Crystallizers 
The Lafeuille revolving crystallizer has stationary tubes in which cold 

water is circulated. Rotation of the crystallizer keeps all the massecuite in 
rolling motion and brings it into contact with the cooling tubes. Very 
heavy massecuite can be cured in the Lafeuille crystallizer, which can be 
advantageous when there is gravity charge and discharge. If massecuite has to 
be diluted in order to be pumped from the crystallizer to the centrifugal 
feed mixer, the whole advantage of this crystallizer is lost. However, in such 
a case, heavy massecuite can be lubricated with a supersaturated run-off. 

Instrumentation and Cooling Elements 

For accurate control of crystallization by cooling in motion, each crystal-
lizer must be equipped with a recording thermometer. The cooling and 
mixing elements should be very sturdy and capable of withstanding masse-
cuites of 98° Brix or over. Disc cooling elements have the largest cooling 
surface, but when massecuite is heavy or viscous they may become leaky and 
should be reinforced. 

Continuous Cooling System 

In a few sugar factories, a continuous cooling system in which masse-
cuite flows from one crystallizer to another was adopted with success (James 
and Lawrence, 1965). Continuous cooling of final massecuite is practiced in 
most cane sugar factories of the Tate and Lyle Group, and in many other 
sugar factories. In some of these factories, old crystallizers have been 
converted from batch operation to a continuous flow system. 
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The advantage of continuous operation is that all cooling surfaces remain 
covered with massecuite at all times. With batch operation at least on<?, if 
not two, crystallizers are liable to be empty and thus are not making the 
maximum use of the available cooling surface. 

Receiver 
The system used in the Tate and Lyle factories which have been con-

verted, using existing Blanchard crystallizers, has been to install a new strike 
receiver. This vessel contains no cooling element and is used simply as a 
buffer vessel to feed the rest of the system. Some atmospheric cooling does 
occur in it, but there is a case for not cooling too rapidly immediately after 
striking the pan. The receiver is positioned beneath the vacuum pans which 
boil the final massecuite so that heavier massecuites can be struck quickly 
and without loss of valuable boiling time (due to slow massecuite flow 
through long pipes to distant crystallizers). The strike receiver is often a long 
shallow vessel and provides a buffer between the pans and centrifugal 
machine station to allow for bad purging or for two pans being completed 
in a short space of time. 

Arrangement for Continuous Crystallizer System 
The Blanchard crystallizers are joined in a series by massecuite troughs 

(Fig. 13.5). The troughs are fitted at alternate ends of the crystallizers and 
the massecuite flows through the full length of each vessel in turn. A baffle 
plate is fitted at the center of each crystallizer (Fig. 13.5b), reaching from 
the top of the shell down to the stirrer shaft. This prevents massecuite 
traveling along the top of the crystallizer and ensures that it comes into 
contact with the cooling elements as it flows. 

Flow Control 
Massecuite flow from the strike receiver to the rest of the system is 

controlled by a metering pump (with variable speed). This pump can be 
used, if necessary, to elevate the massecuite from a strike receiver which has 
inadequate head to feed the Blanchard system by gravity. The original outlet 
connections for batch operation are retained on the Blanchard crystallizers 
for liquidation at the end of the crop. Facility is normally provided for 
lubrication of the massecuite with final molasses at each trough between the 
Blanchard crystallizers. 

Where it has been necessary to supplement the available cooling capacity 
(for instance, of the Blanchard crystallizer), Werkspoor rapid crystallizers 
have been used. This type of crystallizer, with the hollow disc type of 
cooling element, is less liable to damage from high viscosity massecuites and 
it is convenient for use with the massecuite at the coolest part of the system. 
In the Werkspoor type of crystallizer, the available cooling surface per unit 
of volume is probably the highest possible and thus the minimum of factory 
space is required — often a prime requirement when extending an existing 
plant. 
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Fig. 13 .5 . Continuous cooling system: (a) diagrammatic representation; (b) sketch 
showing conversion of batch crystallizers to continuous operation (courtesy of Tate and 
Lyle Engineering Ltd., Great Britain). 

Where very viscous massecuite is being handled by Blanchard crystal-
lizers alone, it is probably advisable to strengthen the elements in the last 
one or two vessels. In a continuous system, the high torque on the last 
crystallizer might be too much for a vessel built for batch operation. 

Continuous Reheater 
After the continuous cooling system, the massecuite flows directly to a 

continuous heater, such as the Green—Smith massecuite reheater. In the 
Tate and Lyle factories, the speed of the metering pump is often controlled 
automatically from the level of massecuite in the Green—Smith reheater. 

Head Loss 
No trouble has been experienced with the flow of massecuite through 

the continuous system of crystallizers. The total head loss through five 
vessels is usually in the order of only 6 in. No ill effects have been experi-
enced with the mixing of strikes. 

Mixing of Strikes 
On the rare occasion when a smeared massecuite has been dropped from 

a pan, it has appeared to retain its identity through the plant and has only 
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affected the centrifugals for the equivalent duration of one strike. Some 
mixing with the strikes on either side must occur, and this probably 
minimizes the disruptive effect. 

Drop in Purity 
Table I shows the average results of a number of tests following the masse-

cuite through the continuous cooling and reheating system. The tests were 
carried out (during 1964) at a factory where five Blanchard crystallizers are 
connected in series, followed by a Werkspoor crystallizer and then a Green-
Smith reheater. 

TABLE I 

Average purity drop in massecuite in a continuous cooling and reheating system 

Exit from Temperature Apparent Final molasses ' C Sugar 
crystallizer (°C) purity (%Pol.) 
No. (°) Purity Viscosity 

(%Pol.) 

drop (°) ' C (poises) 

1 61.1 34 .83 4 3 9 0 93 .67 
2 56.4 32 .51 2.32 9 0 0 0 93 .90 
3 53.1 32 .06 0.45 11 4 3 0 92 .90 
4 51.1 30 .85 1.21 12 330 93 .05 
5 48.7 29 .98 0.87 14 360 92 .75 
Werkspoor 41 .6 28.88 1.10 16 850 91 .45 
Green—Smith 50.4 28.64 0.24 12 720 93 .56 

System with Continuous Centrifugals 
The installation of continuous centrifugals in conjunction with a system 

of continuous crystallizers will make the whole process of curing low-grade 
massecuite a continuous one. 

For low-grade massecuites which are purged in continuous centrifugals, 
the resistance and other reheaters described in Chapter 14 can be used. 

Quick Discharge of Massecuite 
The discharge troughs for low-grade massecuite from vacuum pans to 

crystallizers, and from crystallizers to centrifugal feed mixer should be steep, 
wide and have high sideboards. 

Lubrication of Massecuite 
If massecuite becomes very stiff and viscous upon cooling, it can be 

lubricated with heated final molasses. Only the minimum amounts should be 
used to prevent unnecessary recirculation and concentration of impurities 
which may tend to increase solubility of sugar in molasses. 

Level Control in Crystallizers 
In a continuous system of crystallizers, automatic high-level alarms can be 

installed to prevent overflow. 
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Reheating Massecuites 

For good purging, the massecuite must be reheated in a centrifugal feed 
mixer of not excessive capacity, so the massecuite does not remain too long 
in contact with the heating coils. 

Green—Smith Reheater 

A good method for reheating massecuite is by means of the Green—Smith 
stationary massecuite reheater (Fig. 13.6). This reheater (James and 
Lawrence, 1965) is specially designed for low-grade massecuites. It was 
developed by the Tate and Lyle Group in Britain, and is now widely used in 
cane and beet factories and refineries throughout the world. 

Cold massecuites with viscous molasses will not purge efficiently, so final 
(low-grade) massecuites are often reheated to lower the viscosity of the 
molasses therein and thus to get efficient purging in the centrifugals. 

When reheating final massecuites there is a danger of overheating. If the 
massecuite is heated too much, even locally, the saturation temperature of 
the molasses can be exceeded and crystallized sucrose will be re-dissolved. 
This means loss of sugar in the molasses. The Green—Smith reheater is 
designed with an extremely high ratio of heating surface to massecuite 
volume. It heats the massecuite to a temperature at which the molasses 
viscosity is reduced sufficiently to get satisfactory purging, using water of a 
temperature below the molasses saturation temperature. Thus the risk of re-
dissolving crystallized sucrose even locally is eliminated. 

Green—Smith Heating Elements 
The heater is usually made as a rectangular tank, fabricated in mild steel, 

and filled with banks of finned heating elements. Each heater is tailored to 
the particular job, since the elements used are simply built up to a suitable 
length with a variable number of banks. The elements can also be arranged in 
a centrifugal mixer trough to replace the traditional rotating element. Since 
there are no moving parts in a Green—Smith heater, the normal risk of 
damage to the elements, with consequent water leakage, is virtually elim-
inated. 

The elements are designed so that the disposition of metal is suited to the 
conduction of low-grade heat. The maximum heat path from metal to masse-
cuite is about half an inch. An extremely high ratio of heating surface to 
massecuite volume is achieved, and thus the residence time for reheating is 
minimized. Successive banks of elements are carefully arranged to give 
intimate contact between massecuite and heating surface and yet they offer 
a low resistance to massecuite flow (Fig. 13.7). Gravity flow is normal, 
although upward forced flow has been used. It is quite simple to pump the 
hot massecuite from the heater to the centrifugals if height is lacking. 

The heating water is pumped up through the elements, counter-current to 
the massecuite. The heating water circuit is normally closed but continuous 
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Fig. 13.6. Green—Smith reheater: (a) front view; (b) rear view (courtesy of Tate and Lyle 
Engineering Ltd., Great Britain). 
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Fig. 13.7 . Green—Smith reheater elements: (a) assembly of elements in massecuite re-
heater; (b) single element showing large surface area (courtesy of Tate and Lyle 
Engineering Ltd., Great Britain). 
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condensate make-up can be employed as a heat economy measure. With the 
Green—Smith heater it has been found possible to heat massecuite using 
water only 2—3°C (4—6°F) hotter than the required massecuite temperature. 
Using this small terminal temperature difference, the massecuite can be 
heated close to the saturation temperature without local overheating, and 
therefore without re-dissolving crystal sucrose. 

There is evidence that a reduction in molasses purity across the heater can 
be achieved. This is explained by the removal from the crystal of the highly 
exhausted sleeve of mother syrup after heating. This remains around the 
crystal with cool massecuite. 

Because the banks of elements are so close, they should be periodically 
washed and steamed thoroughly to ensure free flowing of massecuite through 
the reheater. If the water used for cooling is very hard, incrustation and 
scaling may form inside the cooling elements, and heat transfer will be con-
siderably reduced. If necessary, the cooling elements can be cleaned during 
the dead season with caustic soda or fermented molasses. 

The Green—Smith installation costs approximately the same as conven-
tional coil heaters. However, it has many advantages over them, such as the 
greatly improved performance, lack of moving parts and thus elimination of 
periodic leaks, and low power requirement. Maintenance requirements are at 
an absolute minimum. 

Rotating Coils 

Conventional rotating coil heaters, as opposed to the Green—Smith 
reheater described above, use a terminal temperature difference as high as 
20°C and, as a result, some sucrose is re-dissolved and lost. This can easily 
amount to more than a degree rise in molasses purity. Moreover, coils leak 
quite frequently and this will decrease Brix of molasses, and will increase 
solubility of sugar. 
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Chapter 14 

CENTRIFUGALS AND PURGING OF MASSECUITES 

Both batch and continuous centrifugals are used to separate the liquid and 
hard phases of raw sugar. All types of batch centrifugal used in the sugar 
industry are similar, differing only in size, capacity and accessories. 

Batch Centrifugals 

Baskets 

The centrifugal basket into which the massecuite is loaded is suspended by 
a spindle attached directly to a vertical driving motor. The basket is made of 
mild steel, steel and nickel alloy, stainless steel, or stainless-steel sheet rolled 
and welded. The sides are perforated for good drainage (Fig. 14.1), and the 
holes are chamfered. The complete assembly is dynamically balanced. 

1 2 3 

" i 

W 2 

BASKET WALL 

ITÎMËiÉ * » · » I P ™ 

_F 
VERTICAL 3* 1 %̂  

Fig. 14 .1 . Lining combinations for 4 8 in centrifugal basket (courtesy of Western States 
Machine Co., Hamilton, OH, U.S.A.). 
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Fig. 14 .2 . Centrifugal basket showing shrink-fitted rings for safety (courtesy of Western 
States Machine Co., Hamilton, OH, U.S.A.). 

Some manufacturers of centrifugals use hoops, but others prefer a welded 
basket without hoops, claiming that the hoops shrink unequally when fitted 
to the basket, and therefore the pressure is not evenly distributed, resulting 
in some hoops being under greater strain than others. However, in recent 
years centrifugal baskets without reinforcing hoops have failed catastroph-
ically in several areas. It is vitally important for safety to provide centrifugal 
baskets with high-tensile alloy steel reinforcing rings equally spaced and 
shrink-fitted in place on the basket sheet (Fig. 14.2). 

If the capacity of the sugar factory or refinery is increased, the baskets 
can be replaced by 48 X 36 X 7 in baskets, increasing the capacity of the 
centrifugal from 675 to 810 kg (15.7-18.8 ft3). 

All baskets are built in such a way that dripping into the sugar conveyor is 
impossible. 

Basket Capacity 
The capacity of a batch centrifugal is determined by the size of the basket. 

For 4A' and Έ ' massecuites, the baskets most frequently used are 48 X 30 X 
7 in, which can be loaded with 15.79 ft3 (0.447 m3) of massecuite. 

If needed, even larger machines are available. Fives—Cail—Babcock manu-
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factures 54 Χ 42 Χ 7 in centrifugals capable of curing 360 tons of sugar per 
day, and BMA builds a centrifugal with dimensions of 1.34 X 0.83 m 
(52.76 X 32.68 in), which can be loaded with 1000 kg (2200 lb) of masse-
cuite (Fig. 14.3). The BMA machine operates at a maximum speed of 1500 
r.p.m., and can be driven by a three-phase AC (pole-changing asynchronous) 
motor, or by a DC motor (auxiliary DC motor fed by selenium current 
motors). The Western States Machine Co. builds a 54 X 40 X 7 in centrifugal 

Fig. 14 .3 . Fully automatic, 1000 kg capacity batch-type centrifugal for refined or raw 
sugar (courtesy of BMA, Braunschweig, G.F.R.). 
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with a capacity of 1030 kg (23.9 ft3), with speeds from 860 r.p.m. for 
60-cycle motors up to 1160 r.p.m. for 5-cycle. Other manufacturers also 
build large centrifugals for low- or high-grade massecuites. However, the 
centrifugal station is less flexible with large capacity centrifugals, and the 
48 in-diameter centrifugal remains the most popular size. 

Motors 

The 48-in centrifugals are generally driven by AC motor with two-speed, 
single-winding, consequent-pole, single-end, self-ventilated induction motor 
designed to provide the necessary acceleration to fit the load to load duty 
cycle for which the centrifugals are intended. Two-speed motors are used to 
reduce the power loss during acceleration and to provide regenerative electric 
braking to approximately half speed. 

Speed 
These centrifugals develop 1160 r.p.m. Corresponding centrifugals in 

metric measures have baskets with diameter 1.25 m, height 0.80 m and 
117 mm cap. These machines also develop about 1160 r.p.m., or 1450 r.p.m. 
if operated on 50-cycle current. 
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Fig. 14 .4 . Fully automatic recycling batch centrifugal (with raw type frame): (a, facing 
oage) front view, showing motor and controls; (b) close-up of frame, showing automatic 
plow (left), centrifugal spindle (center) and automatic massecuite charging gate (back-
ground) (courtesy of Fives—Cail—Babcock, Paris, France). 

AC or DC Motors 
Present-day sugar recycling centrifugals are operated fully automatically, 

or, for low-grade massecuites, semi-automatically (Fig. 14.4). Most centri-
fugals are driven by three-phase AC squirrel-cage induction motors with 
quadruple pole-changing winding, or similar motors. Some manufacturers 
use the Ward—Leonard system, in which AC current is converted to DC, with 
a DC motor driving the centrifugal. This makes operation of the motor 
extremely flexible and smooth. 

Brakes 
The centrifugal driving motor brakes all centrifugals electrically down 

to about 200 r.p.m. at 50 cycles, or to 240 r.p.m. at 60 cycles, regaining cur-
rent strength at the same time. Further braking down to the discharging speed 
of 50 or 60 r.p.m. is also effected by the centrifugal motor during the auto-
matic cycle. A mechanical emergency brake is installed on all machines. A 
coupled limit-switch disconnects the motor from the circuit when the brake 
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is applied. Centrifugals driven by motors with partial electric braking are 
equipped with a mechanical brake to be applied at about 600 r.p.m. It is 
lined in two sectors and the drum is water- or air-cooled. The 48 in diameter 
centrifugal machines develop a gravity factor of 900 G at 1150 r.p.m. and 
1440 G at 1450 r.p.m. Mechanical brakes used on the Western States 
machines are applied at the end of each cycle to be sure that they are in 
operating condition. 

Plows 

All centrifugals are provided with automatic plows which are operated 
hydraulically, pneumatically or electrically. In some centrifugals they are 
completely removed from the basket after the plowing cycle, in others they 
remain inside the basket, but are locked automatically. In Asea-Landsverk 
centrifugals, the plow reverses its position electrically. The sugar in.most 
centrifugals is plowed at 50—60 r.p.m. in the direct of spinning. However, 
Western States centrifugals have a small auxiliary motor. This 3 h.p. motor-
driven worm-gear reducer (5 h.p. for 54 in centrifugals) has an air clutch and 
is mounted above the main drive motor to permit plowing in the reverse 
direction. This motor is activated after the centrifugal has stopped complete-
ly and has reversed its direction of spinning and then the plowing discharges 
sugar at about 30 r.p.m. Though complete stoppage and reversal of the direc-
tion of the basket for plowing results in some loss of time, it is safer. In 
centrifugals plowed in the direction of spinning, the plow may enter the wall 
of sugar at high speed, resulting in a grave accident. This cannot happen 
when the shoe follows the direction of rotation. 

Cycle 

The spinning time and output of sugar varies with the type of massecuite 
purged. Ά ' massecuite can have a complete cycle on a high speed 48 in diam-
eter centrifugal in 2.5—3.5 min. A complete centrifugal cycle comprises: 
charging basket with massecuite, acceleration, first wash for 1—5 s to dilute 
mother liquor and push it toward the perforated screen, spinning with 
centrifugal gaining maximum speed, second washing to increase purity 
and decrease color of raw sugar, drying period, braking and finally plowing 
sugar from the basket. Between cycles the basket can be washed automatical-
ly. The water used for washing sugar can be cold, hot, or superheated. In 
some cases steam can be used instead of water, in order to dry the sugar as 
much as possible before discharge. 

The drying period of a cycle on any centrifugal must be adjusted to the 
point that the sugar wall is not too dry and hard, and the plow can easily 
penetrate into it and remove the sugar from the basket without undue dif-
ficulty. From 0.3 to 1.0% of moisture should be left in raw sugar for conve-
nient plowing. 
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Loading and Unloading 

All centrifugals are loaded automatically at any desired speed between 
200 and 300 r.p.m. Some baskets are provided with a feeler which measures 
thickness of the massecuite wall and activates the massecuite charging gate. 
The dose of the massecuite being charged may also be measured electrically. 
After having reached charging speed, the motor is disconnected electrically, 
and the basket continues to be rotated by its kinetic energy alone. The kinet-
ic energy is distributed between basket and massecuite so that the speed is 
reduced proportionately to the charge. The difference in r.p.m. between the 
empty and loaded basket is used for exact dosing of the massecuite charge. 

Sugar is discharged from the basket through an opening at the bottom. 
For 'A'- and Έ'-grade sugar in some centrifugals a different type of discharge 
valve is provided which is opened by various mechanical means just before 
the plowing cycle begins. 

Washing 

Each automatic centrifugal is equipped with a washing device and, if 
desired, a steaming device. For better washing of sugar in the centrifugal, 

Fig. 14 .5 . Battery of six sequentially-operated Asea-Landsverk low-grade centrifugals at 
Flacq United Estates Ltd., Mauritius (courtesy of Asea-Landsverk, Sweden). 
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especially in affination, it is recommended to wash twice during the cycle, 
using the same amount of water as for a single washing. The first washing is 
applied at about 600—700 r.p.m. to dilute heavy run-off in order to facilitate 
drainage. The second wash is applied at high speed just before the drying 
period, to expel the remaining run-off adhering to the sugar crystals. 

The centrifugals are also provided with an automatic switch which will cut 
off electricity supply from the centrifugal and activate the mechanical 
emergency brake if the centrifugal is out of balance. 

Lubrication 

In some centrifugals, bearings are lubricated by oil mist, in others by a 
normal grease gun. 

Operation in Sequence 

Batteries of centrifugals are provided with sequence timing for each five or 
six machines, to regulate starting and unloading each centrifugal in sequence 
(Figs. 14.5 and 14.6). This is important to prevent overloading the sugar 
conveyor and electrical supply. However, if one centrifugal is switched off 
for any reason, this will not affect the sequence. 

Feed Mixer 

The centrifugal feed mixer for high- or low-grade massecuites must be 
equipped with heating coils or finned heating elements as in the Green-
Smith reheater, and should hold only about three full loads of massecuite for 
each centrifugal. A small centrifugal feed mixer has the advantage that the 
massecuite is not heated unnecessarily over a long period, as happens when 
the centrifugal feed mixer is designed to hold an entire strike. The high-grade 
massecuite is discharged into a holding crystallizer with capacity for one full 
strike. The holding crystallizer must be provided with revolving paddles to 
prevent settling of crystals at the bottom, and it should be installed so that 
the discharge end is slightly lower, permitting the flow of massecuite toward 
the discharge gate. The discharge valve in this crystallizer is activated by high 
and low level controls installed in the centrifugal feed mixer. When masse-
cuite in the feed mixer reaches the low-level control, the discharge gate in 
the holding crystallizer automatically opens and massecuite flows into the 
centrifugal feed mixer. When the volume of massecuite reaches the high-level 
control the gate valve is automatically closed. 



231 

Fig. 14.6 . Battery of Western States fully automatic centrifugals (courtesy of Western 
States Machine Co., Hamilton, OH, U.S.A.). 

Purging Massecuites 

Purging Low-grade Massecuites 

For low-grade massecuite purging, slower accelerating centrifugals are 
needed, because the specific gravity of the sugar is higher than that of the 
mother liquor. In a rapid acceleration machine, the sugar will reach the 
retaining screen of the centrifugal before the mother liquor, and since the 
grain of 'C sugar is small it will form a tight compact layer without enough 
voids for the heavy undiluted molasses to drain through. This can be 
observed in many batch centrifugals, where a heavy skin of molasses remains 
inside the centrifugal, and upon discharge is mixed with the sugar, lowering 
its purity. However, when acceleration is slow and most of the molasses has 
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already been drained, the machine can be accelerated to a high speed, and in 
40 X 30 in centrifugals the gravity factor may reach 1452 G at 1600 rpm. 
Larger centrifugals will reach the same gravity factor at slower speeds. 

Effect of Sugar on Purging 

In a batch centrifugal machine, quality of massecuite, size of grain, 
viscosity and other physical conditions of massecuite have a definite effect 
upon purging, length of cycle and purity of output sugar. Small grain and 
lower purity massecuites will require a longer purging cycle. However, large 
conglomerate crystal may not purge as well as uniform medium-size grain. 
Raw sugar covered with a film of molasses may contain higher moisture and 
be of lower purity, but high polarization sugar must be dried in the centri-
fugal to lower moisture content, and this sometimes causes problems in 
plowing the very hard and dry wall of sugar from the centrifugal. 

Sugar Quality 

Keeping Quality of Raw Sugar 

The keeping quality of raw sugar is determined by the ratio of moisture 
and non-sugars in it, the latter generally in the film of molasses surrounding 
the crystal, and expressed by the formula (Spencer and Meade, 1945) 

% Moisture 
< 0.25 

100 - Pol. 

Raw sugar with high moisture content/non-sugar ratio will be subject to 
microorganism attack and consequent gradual deterioration. In case raw 
sugar of very high polarization is required, and the sugar is washed in centri-
fugals to 99% polarization, and this sugar must be stored for a long period of 
time or shipped long distances, it must be dried in the granulator after dis-
charge from the centrifugal. Such sugar is called 'Turbinado', and is sold for 
direct consumption or to a food manufacturer whose product does not 
require refined sugar. 

Yield Formulas 

French refineries purchase raw sugar not on the polarization basis, but on 
the basis of theoretical yield expected in the refinery. This is called 'titre', 
and is calculated using an empirical formula 

Titre = D.Pol. - (2 X Invert) + (5 X Ash) 

All raw sugar factories producing raw sugar for refining in France, or 
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countries using a similar purchasing method, are obliged to make raw sugar 
of high polarization and containing minimum moisture for good keeping 
quality. 

Another yield formula frequently used is 

Theoretical yield = (Pol. of raw sugar X 2) - 100 

Shape of Crystal 

Uniform crystals in low-grade massecuite are important for good curing 
in batch centrifugals, because the presence of false grain will imperil the 
normal flow of heavy molasses through the sugar wall in the centrifugal. 
A well-boiled 'C strike free of false grain can be purged on a 40 in diameter 
centrifugal at 1600 r.p.m. in ca. 10 min, which is a complete cycle, from 
load to load. Of course, 'C sugar is not washed. 

Continuous Centrifugals 

In recent years, continuous centrifugals have been designed and perfected 
to the point that they can be successfully used for purging low-grade masse-
cuites, thus replacing batch machines (Figs. 14.7 and 14.8). The purging of 
massecuites in continuous centrifugals is based on the 'thin layer principle'. 
The massecuite is fed in at the bottom of the centrifugal in a continuous 
flow. Because the centrifugal basket is an inverted cone (Fig. 14.8b), the 
crystals of sugar thrown by centrifugal force toward the basket wall will move 

Fig. 14.7. Battery of ten BMA K-750 continuous centrifugals for low-grade massecuite, 
in Central Aguirre, Puerto Rico (courtesy of BMA, Braunschweig, G.F.R.). 
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Fig. 14 .8 . Western States continuous centrifugals: (a) in operation in sequence; (b) dia-
grammatic cross-section — (1) cast stainless-steel basket, (2) loading bowl, (3) support 
system, (4) drive, (5) massecuite side-feed (courtesy of Western States Machine Co., 
Hamilton, OH, U.S.A.). 
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upward in the direction of least resistance until they reach the upper edge 
of the basket and are thrown out, leaving room for new crystals to follow 
the same course. As the massecuite moves up, the liquid phase is thrown out 
by centrifugal force through the screen perforations. Since the movement 
of sugar upward is very rapid, the layer of massecuite in the basket always 
remains very thin, unless the centrifugal is overloaded. The continuous 
centrifugal has a cylindrical bottom section without outlet. This is the 
loading bowl, serving to distribute the inflowing massecuite. The largest 
basket diameter is 1 m (ca. 40 in). 

In the continuous centrifugal, it is of prime importance that the mother 
liquor acts as a lubricant for the crystal on its way out of the basket through 
the perforated screen. As in batch centrifugals, if the crystal reaches the 
basket side before the mother liquor because of the difference in specific 
gravity, the drainage of molasses through the tightly lodged sugar becomes 
difficult, even though the layer is thin. Perhaps for this reason, several types 
of continuous centrifugal use a large amount of water, e.g. 2—12 1 (0.5—3.0 
gal) min"

1
 to dilute the mother liquor and facilitate its exit from the basket 

before it reaches the top of the basket together with the sugar (Ramirez 
Nazario, 1964). 

Location of Feed 

Many continuous centrifugals are designed in such a way that the masse-
cuite is fed near the side of the loading bowl instead of at its center (Fig. 
14.9), to prevent separation of crystal from mother liquor (Dietzel, 1960). 

In some continuous centrifugals, the bowl is perforated and covered with 
a screen. There is no separation of crystals from the mother liquor before 
the run-off starts draining in the cylindrical bottom section. Approximately 
5% of the mother liquor leaves the massecuite in that section. This means a 
liquid film is continuously moving between the screen lining and sugar 
crystals and attrition is therefore prevented (Dietzel, 1960). Because of this, 
much less water is required in purging low-grade massecuites in a continuous 
centrifugal. On account of displacement of the massecuite feed toward the 
side, it is possible to lower the basket on the spindle, increasing the basket's 
stability (Athenstedt, 1963). 

Practically all manufacturers of batch centrifugals also manufacture either 
vertical or horizontal continuous-centrifugals, the diameter of baskets at the 
top varying from 0.85 to 1.0 m (33.4—40 in). 

Drive of Continuous Centrifugal 

The centrifugal is driven by a motor with 30 kW output, through a'V'-belt 
drive (see Fig. 14.8b). 
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Fig. 14.9. Diagrammatic cross-section of BMA K-1000 continuous centrifugal with bot-
tom-drive, and feed at side of supporting spindle (courtesy of BMA, Braunschweig, 
G.F.R.). 
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Horizontal Continuous Centrifugals 

There are also horizontal continuous centrifugals with conical baskets 
(Fig. 14.10), an example of which is built by the Allis—Chalmers Co. The 
massecuite or magma flows downward through a pipe and then is deflected 
toward the accelerating cup in the center of the separator. As in vertical 
continuous centrifugals, the spinning action and angle of the basket forces 
the massecuite to travel to the large diameter or discharge, where cured sugar 
overflows and falls under gravity into a conveyor (Fig. 14.10b). 

The Buckau—Wolf thin-layer continuous horizontal centrifugal with 
conical basket for curing all grades of raw sugar as well as affined sugar has a 
1.72 m (68 in) structural height and 0.9 m (35 in) maximum basket diam-
eter. With a standard 30 kW motor, the speed of the basket can be main-
tained between 1600—2200 r.p.m., and the maximum gravity factor can reach 
2200 G (Fig. 14.11). The massecuite or affination magma is fed through a 
tube into an accelerating cone which is fastened to the curing basket and 
turns with it. This accelerating cone distributes massecuite by centrifugal 
force uniformly over the whole circumference, and causes it to flow through 
the clamping ring into the basket lined with backing screen and perforated 

Fig. 14.10. Allis—Chalmers horizontal-feed continuous centrifugal: (a) side-view; 
(b, overleaf) schematic cross-section of continuous centrifugal (Allis—Chalmers Manufac-
turing Co., Norwood, OH, U.S.A.). 
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κ- valve by field 

Fig. 14.10b. 

screen with slot perforations of 0.06—0.09 mm wide (Fig. 14.12). The 
capacity of the centrifugal is measured by current consumption of the 
driving motor which drives the basket by a flat belt. The bearings are 
lubricated by an oil bath, requiring no attention. 

G Factor 

In all continuous centrifugals with conical baskets the gravity factor G 
increases as the massecuite travels toward the large diameter at the discharge 
edge of the basket. This way smooth and progressive acceleration is achieved. 
The speed of a continuous centrifugal is much higher than that of a batch 
machine, and it varies from 1750 to 2500 r.p.m. 

Relative centrifugal force (RCF) at various speeds is 

RCF = 0.00001421 X diameter of basket X (r.p.m.)
2 



239 

Fig. 14 .12 . Diagram of vertical basket for continuous centrifugal (courtesy of Western 
States Machine Co., Hamilton, OH, U.S.A.). 
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In a conical-basket continuous centrifugal, the speed of which is 1750 r.p.m., 
at the cylindrical bottom where the diameter is approximately 13 in 

RCF = 0.00001421 X 13 Χ 1750
2
 = 566 G 

At 25 in diameter R.C.F. = 1088 G and at the 40 in diameter discharge edge, 
RCF = 1740 G. The speed of the curing basket can be altered by an 
exchange of 'V'-belt pulleys (Athenstedt, 1963). All continuous centrifugals 
are driven by individual motors with varying hp depending on the size of 
the basket, and through 'V'-belt drive. The low center of gravity of a conical 
basket is very important because dangerous oscillation is thus avoided. 

Washing 

The amount of water used in a continuous centrifugal must be measured 
very accurately. It is recommended that each machine be equipped with a 
small flow-meter permitting regulation of the water flow to 0.1 gal min"

1 

by using a needle valve. If 0.2 gal min"
1
 are used for washing 'C grade 

massecuite which is purged at the approximate rate of 3 tons per hour, this 
amount of water represents 

[(0.2 X 60 Χ 8.33)/6000] X 100 = 1.65% 

This amount of water quickly penetrates through the thin layer of masse-
cuite, and has practically no time to dissolve any appreciable amount of 
sugar. But some sugar will be dissolved if a larger amount of water is used. 

Capacity 

The capacity of a continuous centrifugal is governed by the desired 
quality of output sugar and purity of effluent molasses. If the amount of 
wash-water is increased and quality of sugar is improved, the purity of 
effluent molasses will also increase. With the increase of water, the through-
put of massecuite can be greatly increased without improving quality of 
sugar. However, purity of molasses will always increase with larger amounts 
of wash-water. 

Increasing Capacity 
The capacity of a continuous centrifugal can be greatly increased by using 

steam instead of water. A small jet of superheated steam can be introduced 
inside of the centrifugal basket close to the inflowing massecuite. The 
amount of steam used can be automatically regulated using temperature of 
effluent molasses as an indicator. There is not much danger of overheating 
the molasses, because superheated steam acts like hot air surrounding the 
inflowing massecuite and the high speed of the centrifugal acts like a cooling 
fan. Wet or exhaust steam can be injected behind the centrifugal basket, as 
is often done with batch centrifugals when cold or viscous massecuite is 
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purged. It is not recommended to use exhaust steam inside the basket 
because it rapidly condenses and results in wet sugar overflowing the basket. 

Advantage of Continuous Centrifugals 

The great advantage of continuous centrifugals is their ability to purge 
any kind of low-grade massecuites, even those types which are badly smeared 
and would be impossible to purge on batch machines. Even from such masse-
cuite, 'C '-grade sugar of satisfactory purity can be obtained, though with 
reduced output. A drawback of the continuous centrifugal is that a certain 
amount of sugar leaving the centrifugal may be fractured. However, for *C-
grade sugar it is not of importance, because broken crystal in 'C sugar 
magma will grow into perfect crystal in

 4
A'- and 'B '-grade massecuites. 

The best example is 10X sugar, the crystals of which have been pulverized. 
Despite being crushed and broken, the crystals have a tendency to grow 
into normally-shaped crystal when they are used as seed in a white sugar 
massecuite or footing strike. In some cases, excessive abrasion of screens may 
be observed, probably as a result of extremely fine particles of silica sand 
found in small amounts in crystallized sugar and molasses samples (Keller, 
1964). 

A continuous centrifugal can be used for purging of 'A' or Έ ' massecuites, 
or for affination magma where a certain percentage of fractured crystals is 
not of importance. When a very high-purity magma for boiling 'Turbinado' 
or similar type sugar is needed for footing, double purging of 'C sugar is 
very often necessary when batch machines are used. With continuous 
centrifugals, this procedure can be eliminated. By reducing the feed of 
massecuite into the centrifugal, and applying the correct amount of water or 
steam, the purity of 'C sugar can be increased and color decreased. 

A continuous centrifugal is very flexible equipment in a sugar factory and 
can be used successfully in many cases. It is inexpensive in comparison with 
modern batch machines, and is easily installed and economical in mainte-
nance, labor and power consumption. 

Push-type Centrifugals 

There are also well known push-type horizontal multistage continuous 
centrifugals designed by Escher Wyss Ltd. These machines can be used for 
purging

 4
A' and 'B' raw sugars and affined sugar, as well as refined and 

remelt sugars. The Escher Wyss centrifugal is described in detail by Ruegg 
(1963). 

Reheating Massecuite 

When a large volume of low-grade massecuite is reheated in the centrifugal 
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feed mixer there is partial dissolution of sugar crystals, at times increased by 
leaky heating coils. To overcome this excessive dissolution, a resistance 
heater for continuous and rapid reheating of low-grade massecuite in 
preparation for purging in continuous centrifugals has been invented in 
Australia (Wright, 1965). This heater uses the principle of electrical 
resistance, in which massecuite itself provides the resistance between two 
metal electrodes. The heater is installed in the feed line vertically and as near 
as possible to the feeding point of the centrifugal. It is flanged to the bottom 
of the centrifugal feed mixer, which has no reheating coils. In a 25 kW 
resistance heater 50 kg (110 lb) of low-grade massecuite can be reheated at 
a rate of 17.5°C min"

1
 (31.5°F) with a minimum dissolution of sugar 

crystals. The resistance heater consists of electrodes laid out as concentric 
cylinders, and the massecuite flows by gravity in the annulus between them. 
The heater is 1.68 m (67 in) long between flanges and terminates with an 
outlet feed valve above the centrifugal. 

Konti 10-DC Continuous Centrifugal 

Hein and Lehman have designed an inner heating system for their Konti 
10-DC continuous centrifugal. The cold massecuite is fed through a jacketed 
tube in a free-flowing stream. At the bottom, it strikes a plate and is thrown 
outwards against the rods, disintegrating the stream of massecuite, which 
continues to travel outwards between vertical baffles toward the screen of 
the basket. Saturated steam of 2—3 kg cm"

2
 pressure is injected into the 

tube's jacket, where it condenses and escapes from the jacket at the lower 
end, where it mixes with the disintegrated stream of massecuite. The wash-
water flows into the feed tube through the iris valve. It takes about 1.5 s 
for massecuite to flow through the reheating system. With wash-water 
used at a fixed rate, the temperature of massecuite can be increased 
with the desired rate of feed so that constant sugar quality can be produced. 
Reheating the massecuite to 65°C (149°F) can increase purging capacity of 
the Konti 10-DC from 1.4 t.p.h. up to 6.5 t.p.h. The centrifugal's speed is 
2000 r.p.m. and the rated current of the 45 kW/380V induction motor is 
reached at a feed rate of about 7 t.p.h., and then power consumption is 
7 kWh per ton of massecuite (Trojan, 1974). 

Western States CC-5 Continuous Centrifugal 

This machine incorporates facilities for pre-treatment of massecuite with 
water and steam. There are two types of centrifugal, one 34 in diameter (865 
mm) with a 34° angle, and one 37 in (940 mm) with an angle of 30°. The lat-
ter has 1.5—2 times the capacity of the smaller machine. Both have a speed of 
2175 r.p.m. A reheating system such as the Stevens heat-treating equipment 
can be used. The massecuite is fed through a pipe at the side of the loading 
bowl in the center of which is installed a hollow perforated rod of stainless 
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steel, which acts as a guide for the massecuite flow. Through this hollow rod 
is injected water and possibly steam, thus reducing viscosity of massecuite. 
Steam is applied to the filtering surface of the basket. An automatic feed 
control system may be installed. The centrifugal is driven through a belt 
pully system by a squirrel-cage induction motor of 40 hp, or 50 hp for the 
larger machine. 

BMA Continuous Centrifugal 

In a new patent (No. 3 837 913) issued to BMA, a description is given of 
how the low-grade massecuite is reheated in a funnel tube while flowing 
toward the distribution cup. At the top of the funnel the water is sprayed 
through a perforated ring to form a sleeve on the massecuite. Steam is also 
injected through perforations in the jacket around the tube. The vapor and 
water are mixed with the massecuite by pins located in the distribution cup 
of the continuous centrifugal, and a homogeneous mixture is formed which 
is conveyed toward the screen at the bottom of the centrifugal (Hille brand 
and Schafer, 1978). 

Conveyors 

The type of conveyor to be recommended for sugar discharged from batch 
or continuous centrifugals depends on the type of sugar. Screw or ribbon 
flight screw conveyors are very well suited for low-grade sugar, which is 
rather sticky. Affined sugar also can be transported by screw conveyor. The 
crushing and attrition of a certain amount of its crystals is of no importance, 
because that sugar is destined to be melted; but an oscillating type conveyor 
is better for refined or high-grade raw sugar, the crystals of which must be 
preserved intact and not subjected to attrition. Belt conveyors are also a 
good means of transportation to the bulk storage warehouse or refined sugar 
silos. 
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Chapter 15 

STORING AND SHIPPING BULK SUGAR 

E.F. RICE**" 

History and Origin of Bulk Sugar Shipments 

It is difficult to understand why sugar producers worldwide waited so 
long to adopt the practice of shipping raw sugar in bulk, considering that 
making such shipments is so simple and the savings are so great. John W. 
Lowe was the originator of the practice of shipping raw sugar in bulk 
carriers, and for doing so he was awarded the 1964 Dyer Memorial Award as 
'Sugar Man of the Year'. Lowe began working on the idea in 1924, but 
due to the usual opposition to a new idea, the first successful shipment was 
not made until 1930, when the S.S. "Mayari" arrived in Boston from Cuba 
with 50 tons of bulk sugar stowed in one hatch, with bagged sugar stacked 
around it. This sugar was discharged into metal containers by a railroad 
crane usually used for unloading coal. The sugar unloaded perfectly, and the 
out-turn was excellent. The tonnage on other shipments was gradually 
increased, until the first ship containing a full cargo arrived at Revere Sugar 
Refinery on 7 July 1933. 

Hawaii first shipped bulk sugar to San Francisco in 1942, and Puerto Rico 
shipped its first cargo of bulk sugar in 1947. A trial shipment was made by 
South Puerto Rico Sugar Corporation from the Dominican Republic to 
London in April 1949. The first shipment from Puerto Rico was made by 
Central Aguirre to Revere Sugar Refinery. The ship was loaded by placing 
gratings over the hatches and dumping 250-pound bags of sugar through the 
grating into the holds of the ship. This shipment was a great success in all 
respects. The ocean freight was paid at the same rate as for bagged sugar, but 
the bags after being emptied were reused. The cost of loading the vessel was 
less, because it was loaded in less time and fewer stevedores were needed. 

Advantages and Disadvantages of Handling Raw Sugar in Bulk 

Advantages 

The advantages of bulk handling far outweigh the use of bags for the 
following reasons: 

t De ceased. 
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(1) the cost of the bag is saved; 
(2) the cost of weighing and filling each bag is saved; 
(3) the cost of moving bulk sugar by conveyor to the warehouse is far less 

than moving the bagged sugar and stacking it in the warehouse; 
(4) moving bulk sugar to the vessel costs less than transporting it in bags; 
(5) fewer men are required to load a ship; 
(6) the ship can be loaded in less time, and turned around faster; 
(7) bulk sugar can be unloaded at the refinery at less cost and in less time 

than bagged sugar. 

Disadvantages 

The disadvantages are as follows: 
(1) When the temperature is near freezing and the humidity is low, bulk 

sugar forms a crust and becomes difficult to unload unless it is of a high 
quality, with a uniform grain and low moisture content. 

(2) Bulk shipments, with the fast turn around, have encouraged the steam-
ship companies to purchase larger and larger ships, a trend which obliges the 
sugar companies to install loading facilities of greater capacity, which are 
more costly. These larger vessels have more draft and require deeper water, 
and this makes it necessary to deepen the channel by dredging from time to 
time. 

The Bulk Sugar Warehouse 

Storing and handling bulk sugar is not at all difficult if proper facilities 
and equipment are provided (Fig. 15.1). While some improvement may be 
necessary in the quality of the sugar produced, the real problems are 

Fig. 1 5 . 1 . Schematic drawing of Honolulu bulk sugar plant with a ship being loaded at 
the dock (courtesy of Stephens—Adamson Manufacturing Co., Aurora, IL, U.S.A.). 
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providing suitable warehouses, and the proper conveyors and other equip-
ment to move the sugar in and out of the warehouses. 

Bulk sugar can be stored satisfactorily in almost any type of warehouse 
that will keep out the weather, and which is tight enough to keep air from 
circulating through the building. Central Aguirre has continued to use, with 
complete success, the same warehouses that were formerly used for bagged 
sugar. When the shipping of bulk sugar began, a new reinforced concrete silo 
was built, which held a full cargo of sugar. The vessel in use at that time had 
a capacity of about 5500 short tons. Since then, the capacity of the vessels in 
use for shipping bulk sugar has more than doubled, and additional facilities 
have been provided to increase the loading rate, and also to have a full cargo 
placed in position to load when the vessel begins loading. To accomplish this 
improvement, a 36-in belt conveyor was installed to move the sugar from the 
silo, and also a 10 000 ton warehouse was remodeled by installing an under-
floor conveyor which discharges on to the conveyor going directly to the 
ship. A 650 ton per hour loading rate has been attained at times. By addi-
tional dredging along the side of the pier, Central Aguirre can now load 
vessels with a capacity of 15 000 short tons. 

Whether to build new warehouses or to modify those in existence is a 
matter of economics. A new warehouse can usually be designed and built to 
save labor, but in general, the cost of modifying an existing warehouse is 
less than the cost of a new one. It will usually be found that building a new 
warehouse can be justified only when the desired loading rate can be ob-
tained in no other way. 

Existing warehouses previously used for storing bagged sugar can usually 
be remodeled and used for bulk sugar, in any situation where the sugar is 
shipped from the mill in trucks, or in railroad cars, and when the loading rate 
is comparatively low. However, only if the existing warehouses have dry, 
well-drained concrete floors should they be remodeled and used. 

When an existing warehouse is used, it is likely that its walls will have to 
be strengthened to withstand the thrust of the sugar piled against them. 
Bagged sugar exerts no pressure on the walls and is usually stacked to a uni-
form height throughout the building, and in order to maintain the same 
capacity of the warehouse when bulk sugar is stored therein, the sugar will 
have to be piled as high as possible along the center of the building and 
allowed to flow down against the walls. 

If the walls of the existing warehouse are made of either concrete or 
brick, sugar can probably be allowed to pile up against the wall to a maxi-
mum height of ca. 8 ft without damaging the wall. However, when the 
existing warehouse is a structural steel building with the siding of corrugated 
steel sheets, a reinforced concrete retaining wall should be built around the 
lower part of the building. This retaining wall should be designed according 
to the accepted formula for designing retaining walls, using a weight for 
sugar of 55 lb ft"

3
 (880 kg m"

3
). Of course, the actual horizontal thrust 

against the wall is indeterminate and probably variable. After sugar has been 
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stored in the warehouse for some days and has cooled, it is probable that 
very little force is exerted against the wall, due to raw sugar's adhesive quali-
ties. However, a high polarizing, dry, free-running raw sugar will exert a 
greater force against the wall than will a lower-quality sugar. Furthermore, 
the rate at which the sugar is piled in the warehouse will affect the force 
exerted against the walls. The higher the rate of filling, the greater the force. 

From the above, it is evident that sugar in a pile does not act as a true 
fluid and the force exerted on the walls of the warehouse is less than it 
would be if the sugar did act as a fluid. Nevertheless, designing the walls 
according to the formula for a fluid is on the safe side and will prevent a 
wall failure when the warehouse is filled with sugar, and when a failure could 
be very costly. 

When a new warehouse is to be constructed, its design will depend on 
where the sugar is going when it is removed from the warehouse. When the 
sugar is to be loaded into trucks or railroad cars at a comparatively low rate, 
it is questionable whether the cost of a fixed conveyor below the floor of the 
warehouse is justifiable, because the sugar can be loaded by portable equip-
ment at a satisfactory rate. When not in use for loading the sugar, this 
portable equipment can be used elsewhere (Fig. 15.2). 

Whether to install an overhead conveyor along the peak of the warehouse 
for moving sugar into the warehouse will depend on the amount of labor 

Fig. 15 .2 . Interior of bulk sugar warehouse in Glades Sugar House (courtesy of Glades 
Sugar House, FL, U.S.A.). 
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Fig. 15 .3 . Terminal warehouse for bulk raw sugar in Salavery, Peru (courtesy of Buhler 
Bros., Uzwil, Switzerland). 

saving such an installation might bring about. When a fixed conveyor under 
the floor is found to be necessary, the cost of an overhead conveyor will 
probably be justified, but when portable equipment is used to remove the 
sugar from the warehouse, portable equipment should be used to fill it also. 

When a new warehouse is to be built at a port and the sugar conveyed 
directly to the ship, consideration should be given to the following: 

(1) location of the warehouse with respect to the dock or loading pier 
(Figs. 15.3 and 15.4); 

(2) the possibility of more favorable freight rates if large ships are used; 
(3) the amount of dispatch or incentive that may be earned by a high 

loading rate; 
(4) the amount of demurrage or the penalty that will have to be paid if 

the loading time exceeds the hours specified. 
The warehouse, of course, should be located on the pier where a vessel 

can come alongside, providing the cost of locating it there is not too high. 
If the warehouse is located on the pier, piling will probably have to be used 
to support the load of the building and its contents, and this will be costly. 
Wood piling has a short life in tropical waters and either reinforced concrete 
or steel piles should be used. Well made reinforced concrete piles have a long 
life, but unprotected steel piles when used in salt water do not. Steel piles, 
if used, should be protected in some way above the mud line. 

On the other hand, if in order to get a good foundation the warehouse is 
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Fig. 15.5. Bulk sugar houses situated some distance from the pier require long conveyors, 
as in this example at Sala very, Peru (courtesy of Buhler Bros., Uzwil, Switzerland). 

Fig. 15.4. Warehouse and loading dock in Central Rio Haina, Dominican Republic 
icourtesv of Buhler Bros., Uzwil, Switzerland). 
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located some distance from the pier, the cost of the conveyor to move the 
sugar from the warehouse to the ship will be high. Consideration should be 
given to installing a conveyor system with capacity to load a vessel in less 
than 24 hours (Figs. 15.5—15.7). Experience has shown that steamship 
companies are unwilling to pay very much additional dispatch if they are 
able to get their vessel loaded and started on the return trip within 24 h 
(Figs. 15.8-15.10). 

In general, the larger the ship that can be loaded at a dock, the more 
favorable the freight rate that can be obtained. Experience shows that in 
order to have a minimum loss of time while a ship is loading, all of the sugar 
required for the shipment should be on hand and in a position to be loaded, 
when loading the vessel begins. While it is possible to bring in sugar from 

Fig. 15 .6 . Conveyor for loading bulk sugar from terminal in Salavery, Peru (courtesy of 
Buhler Bros., Uzwil, Switzerland). 
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Fig. 15 .8 . For rapid and even loading, sugar is loaded onto the ship using two trimmers 
(courtesy of Buhler Bros., Uzwil, Switzerland). 

Fig. 15.7. Bulk raw sugar ship-loading installation with conveying capacity of 550 tor 
per hour in Central Rio Haina, Dominican Republic (courtesy of Buhler Bros., Uzwil. 
Switzerland). 



253 

Fig. 15 .9 . Dock and loading system in Salavery, Peru. To the right is the conveyor belt 
system and at the left is shown a suspended trimmer (courtesy of Buhler Bros., Uzwil, 
Switzerland). 

Fig. 15 .10 . Type of trimmer used for rapid and even loading of ships (courtesy of Buhler 
Bros., Uzwil, Switzerland). 
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outside sources while the vessel is loading, it is not good practice and such 
things as bad weather or labor problems might delay the vessel's loading if a 
full cargo of sugar is not in the warehouse when loading begins. Also, it has 
been found that when the warehouse is about 80% empty, the loading rate is 
likely to slow down. It is recommended, therefore, that the warehouse from 
which sugar is loaded have a capacity of about 20% greater than that of the 
largest vessel to be loaded. 

When deciding on the size of the warehouse, consideration should be given 
to which refiner the sugar is likely to be shipped to. There would be no use 
in planning to use large ships if the port where the refiner is located cannot 
handle ships of the size planned. 

Usually, when the steamship company quotes a freight rate, they will 
specify the loading rate, and also the dispatch and demurrage rate. The 
loading rate should, therefore, be the rate that is most profitable, taking into 
consideration the higher initial cost of equipment to load at the higher rates. 

At Central Aguirre, front-end loaders with rubber tires are used to feed 
the under-floor conveyor, after the sugar has been loaded that falls onto the 
conveyor by gravity (Fig. 15.10). Such loaders can be obtained with buckets 
of 2 cubic yard capacity and able to load the conveyor with about 80 short 
tons of sugar per hour, provided the maximum distance between the sugar 
pile and the conveyor is not over 25 ft. Fewer front-end loaders will be 
needed if they are started as soon as there is space for them to work and while 
there is still sugar in the pile that will fall onto the belt by the force of 
gravity. 

It has been learned from experience that sugar should never be piled above 
the lower chord of the roof trusses in a sugar warehouse, because when 
this is done and the sugar settles, a vertical load is placed on the lower chord 
of the trusses and on the lateral bracing of the building. These members 
are not designed to take such a load and they will become distorted and 
often pull the tops of the building columns towards the center of the 
building. There have been reports of sugar warehouses being seriously 
damaged from piling sugar over the lower chords of roof trusses. 

/ Quality of Raw Sugar for Bulk Storage and Shipment 

Sugar for bulk handling should be non-caking and free-running. This re-
quires producing a sugar with a very uniform grain and low moisture 
content. The quality to be produced should vary with the climate of the city 
where the purchasing refinery is located, as well as the climate of the area 
where the sugar is produced. When Central Aguirre first began shipping bulk 
sugar, all of the sugar was shipped to Boston, U.S.A., and it was found that 
it was necessary to produce a higher quality sugar than had been produced 
previously, though it was thought that a rather good sugar was already being 
produced. 

The Revere Refinery in Boston had a great deal of trouble unloading the 
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Aguirre sugar during the cold winter months until its quality was improved. 
When the temperature was around freezing and relative humidity was below 
60, a hard crust would begin to form over the sugar as soon as the hatches 
were uncovered. This crust made the sugar difficult to unload, and dragging 
the unloading scoops back and forth over the crust caused considerable grain 
damage. 

A raw sugar producer contemplating shipping bulk sugar should contact 
the refineries where the sugar will likely be shipped and get their experience 
with respect to grain size, uniformity of grain, and moisture content. Usually, 
a sugar with a uniform grain the size of which is above 0.8 mm, with not 
over 10% fines below 0.4 mm, and moisture content below 0.4% will unload 
well even when weather conditions are adverse. When the climate is about 
the same as that in New York a somewhat lower quality sugar can be 
unloaded with little difficulty, except for a few days during a winter. At 
New Orleans, a raw sugar with refining qualities acceptable can be unloaded 
at any time of year. 

With the semi-tropical climate that exists in Puerto Rico, a raw sugar 
polarizing 97.8° with a moisture content of not over 0.4% can be stored in 
bulk without causing problems, provided the warehouse is kept tightly 
closed. No ventilation is required in a bulk sugar warehouse and the less air 
circulating over the sugar while in storage, the better. 

Experience gained during the years that bulk sugar has been stored at 
Aguirre indicates that sugar keeps better when stored in bulk than when 
stored in bags. Sugar stored for months during the summer rainy season 
sometimes gains in polarization while in storage. This might be explained by 
assuming that the crust which forms over the top of the sugar forms an air 
and moisture proof cap, whereas with bagged sugar, the space between 
stacked bags allows air to circulate. Bulk sugar stored on the south coast of 
Puerto Rico in perfectly tight warehouses has actually gained in polarization 
from drying out while in storage. If the sugar is of the quality recommended, 
there will be little, if any, loss while in storage, provided it is kept perfectly 
dry and the warehouses are tight. 

Moving Sugar to the Bulk Terminal 

Bulk sugar can be moved to the bulk terminal either by rail or by trucks. 
If by the former, hopper railroad cars are preferred. The openings in such 
hoppers should be made as large as possible, as there is a tendency for the 
sugar to pack in cars. The opening in the hopper should be the full width of 
the cars, and a minimum of 450 mm (18 in) width and 600 mm (24 in) 
would be better. The slope of the hopper should be at least 50°. The trucks 
may be self-dumping, or a hydraulic truck unloader can be used. Either way 
of unloading may be used equally well, and the decision of which type to 
use should be based on the amount of capital which will have to be invested 
for either system. 
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Method of Distribution and Handling of Raw Sugar in the Terminal 

Provision should be made to weigh and sample the sugar upon arrival at 
the bulk terminal. This is absolutely necessary when sugar is received from 
more than one mill, as all sugar will become mixed while in storage. 

After emptying the railroad car or truck, the sugar is usually removed 
from the bin by means of an elevator. The elevator discharges to a belt 
conveyor and the sugar is moved to the warehouse where it is to be stored. 
A fixed overhead conveyor in the highest part of the building, with a 
movable unloader, would permit piling the sugar anywhere along its length, 
or portable conveyors and a thrower can be used as has been discussed 
previously. 

Size of Conveyors 

The capacity of a belt conveyor, of course, depends on both the width 
of the belt and its speed. Most bulk sugar installations used for loading a ship 
only work a comparatively few hours each year. Such conveyors should be 
designed to operate at comparatively high rates of speed, much faster than if 
they were in constant operation. At one installation, a 36 in (910 mm) belt 

Fig. 1 5 . 1 1 . Size of conveyor used for bulk sugar loading at Central Aguirre, Puerto Rico 
(courtesy of Stephens—Adamson Manufacturing Co., Aurora, IL, U.S.A.). 
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conveyor operates at a capacity of from 550 to 650 tons per hour. The speed 
of this belt is 600 ft min"1. 

In general, the width of belt and speed of the conveyor should be left to 
the company designing the conveyor system. They, as a rule, have very wide 
experience, and when installing a system the purchaser should take advantage 
of their experience. 

The possibility of using a diesel or gasoline engine for the drive for a con-
veyor that requires fairly large horsepower should not be overlooked. If 
power is purchased from a public utility, there is likely to be a heavy standby 
charge. When this is the case, an engine for driving the conveyor should be 
given consideration. 

Author's Note 

The above chapter was written 14 years ago, and by this time all raw 
sugar is stored in bulk sugar warehouses. Every country exporting raw 

Fig. 15 .12 . Artist's impression of bulk sugar terminal at Vera Cruz, Mexico (courtesy of 
Buhler Bros., Uzwil, Switzerland). 
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sugar has raw sugar terminals with fully automatic loading facilities (Figs. 
15.11 and 15.12). 

The large sugar factories have bulk sugar warehouses up to 150 000 tons, 
or even larger. If the sugar factory is located inland, it ships all raw sugar to 
the terminal, which is located in a port where ships can be loaded directly 
from the terminal. Generally, several sugar factories use the same facilities or 
build the terminal cooperatively (for example, see Fig. 15.13). 

Sugar refineries which buy large quantities of raw sugar also store it in 
bulk in large warehouses, to which raw sugar is delivered either directly from 
the ship, if the refinery is located on the water front, or by truck or railroad. 

The most practical bulk raw sugar warehouse for a refinery is similar to 
the warehouses in a raw sugar factory, i.e. rectangular buildings with 2.5— 
3 m (8—10 ft) high concrete retaining walls and sharply inclined roofs. 
The walls and the roof are made of corrugated iron. However, in crowded 
localities some refineries build round warehouses, though they are not very 
practical for loading or unloading sugar. 

Losses of raw sugar stored in bulk in warehouses are very small as a rule. 

Fig. 15 .13 . Bulk sugar terminal at the port of Palm Beach, Florida (courtesy of National 
Planning and Construction Co., Coral Gables, FL, U.S.A.). 
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When storing sugar for more than 8—10 months losses in storage will be 0.1— 
0.2%. Such losses are considered reasonable. 

Since sugar refineries nowadays accept only raw sugar in bulk, many ships 
are specially built to carry the sugar in bulk. They are designed in such a way 
that they can be quickly loaded and unloaded. 

Raw sugar piled in bulk in a raw sugar warehouse should be stored at 
temperatures below 32°C (90°F). If the temperature of sugar rises above 38°C 
(100°F), rapid build-up of color occurs in the sugar, increasing with each 
degree of temperature increase (Catala, 1971). 
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Chapter 16 

FINAL MOLASSES 

Residual syrup purged from a massecuite incapable of crystallizing after 
concentration or cooling is called 'Blackstrap Molasses' in a raw sugar house, 
and 'Refinery Blackstrap' or 'Barrel Syrup' in a refinery. It is a dark viscous 
product with a rather bitter taste. The approximate weight of one gallon is 
12.3 lb (1 1 = 1.474 kg). The U.S. Customs Laboratory defines 'Blackstrap' 
as "molasses in which the non-sugar solids are more than 6% of the total 
soluble solids excluding any foreign substance that may have been added or 
developed in the product." (U.S. Customs, 1931). 

Composition of Blackstrap Molasses 

Final molasses is composed of organic and inorganic matter and water. 
About 52% of blackstrap molasses is total sugars (sucrose, dextrose and 
lévulose), about 10% or more is inorganic salts or ash, 10-20% water, and 
the balance is organic non-sugar matter. Potassium and sodium salts are con-
sidered as molasses-forming. The analysis of blackstrap, and particularly of 
sugars in it, may vary considerably depending on the variety of sugar cane, 
soil, climate, period of the crop, efficiency of the factory operation, system 
of sugar boiling, type and capacity of crystallizers etc. 

Blackstrap molasses is a by-product of sugar production, and is sold con-
siderably cheaper than raw sugar. For this reason, it is in the interest of a 
sugar factory to produce a minimum amount of blackstrap containing a 
minimum amount of crystallizable sugar. 

Appraisal of Final Molasses 

Up to about 25 years ago, most cane sugar factories estimated their per-
formance by apparent purity of final molasses, and it was considered that 
the lower the apparent purity, the better the blackstrap molasses was 
exhausted. This method of judging is useful only when blackstraps contain 
the same amount of ash and invert sugar, and are therefore more or less 
comparable. However, because of the many variables affecting exhaustibility 
of final molasses, this method of comparison even in the same sugar factory 
is of doubtful value. With the progress of the crop and maturity of the cane 
the relation of sucrose to reducing sugars changes and therefore direct 
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polarization will change, and consequently apparent purity. Since, in a given 
sugar factory, the ash content in molasses varies very little, it can be disre-
garded for all practical purposes, and only the sucrose (determined by the 
Clerget method), reducing sugars, and Brix of molasses need be taken into 
consideration for calculation of maximum possible exhaustion of molasses. 
In recent years, many sugar factories have changed their method of appraisal 
of final molasses from apparent purity to total sugars. 

Formulas for Determining the Exhaustion of Molasses 

Davies (1932) suggests to measure molasses exhaustion by correlation of 
total sugars on 100 parts of water and percent moisture. 

Several other empirical formulas have been developed for the calculation 
of the expected maximum exhaustibility of blackstrap. Payne et al. (1952) 
have a criterion for Hawaiian molasses. The formula is 

Y= 38 .55- 61.9X + 49.9X
2 

where Y is refractometer sucrose purity, and X is the reducing substances/ 
specific conductance ratio. Serbia and Balsa (1965) describe the formula 
which they obtained through experimentation. In this formula, only redu-
cing sugars and hydrometer Brix need be known 

Y = 55 + * ~
1 5 

where Y is total sugars per 100°Brix, and X is reducing sugars % Brix. From 
this formula can be calculated the minimum target total sugars in final 
molasses. This formula also shows that final molasses can be exhausted 
better when reducing sugar content is smaller. At about 20% invert sugar 
content in final molasses, the total sugars (Y) will be about 59°Brix. Baikow 
(1951) previously proposed a ratio of 

Total sugars/Brix X 100 < 59 

as calculated from known total sugars and hydrometer Brix determined in 
1/1 dilution of molasses after 2 h settling. This ratio represents target total 
sugar content in exhausted final molasses. Mathur (1952) suggests that, for 
conditions in India, the ratio of total sugars (%) to Brix should not exceed 
55.5%, and losses of sugar in molasses should be 1.0—1.1% on cane. 

To determine exhaustion of molasses, Tate and Lyle Refineries Ltd. use 
an empirical formula which they call the 'Ideal Molasses' formula 

Total sugars (%) /Brix = 55 + 14 (Invert/non-sugars) 

In 1944 this formula was modified to 

Total sugars (%)/Brix = [(1.4 + £
2
)/(2.5 +g

2
)] X 100 

where g = 1/Non-sugars. 
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This formula was calculated for refinery final molasses, which as a rule has 
higher total sugars than raw sugar factory molasses (Lyle, 1950). 

Standards for Final Molasses 

Every sugar factory should establish a standard of maximum permissible 
total sugars to be left in final molasses. Any of the above formulas can be 
used for calculating exhaustion of blackstrap molasses, and very satisfactory 
comparison can be made of molasses produced in the same sugar factory. 

Besides total sugars (%)/Brix in final molasses as a criterion, the amount of 
blackstrap produced per ton of sugar cane ground must be considered. The 
yield of molasses per ton of cane is influenced by a number of factors and 
may vary within a wide range of 2.2—3.7% (Paturau, 1969). In an efficiently 
operated sugar factory, the percentage of total sugars/hydrometer Brix in 
blackstrap will be low, and the amount per ton of cane will be small. 

Measurement of Final Molasses 

The amount of final molasses produced should be determined by weighing 
on a suitable automatic scale. The scale tank must be tared after each weigh-
ing because of viscosity of molasses and slowness of its flow from the scale 
tank. Another method is to measure weight of molasses in the storage tank 
using its hydrostatic pressure on the air chamber of a Pneumercator. The 
weights obtained by the Pneumercator are very close to the actual weights 
obtained on an automatic scale. 

Exhaustion of Molasses 

For better exhaustion of final molasses the low-grade massecuite should 
be boiled to a high Brix, and cooled without dilution. After separation of 
blackstrap from sugar in centrifugals, the molasses can be diluted to 85—88° 
hydrometer Brix for pumping and, if necessary, reheated to a maximum of 
about 40°C (104°F). 

Pumping Molasses 

It is difficult to pump molasses because of its high viscosity and density, 
and the choice of a pump for blackstrap molasses is therefore difficult. Many 
types of pump become leaky because of back pressure and resistance 
produced by friction of molasses in pipes, and the low pH of molasses even-
tually corrodes the pump. The Worthington spiral-gear type molasses pump 
is one of the most satisfactory. 
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Storage of Final Molasses 

Blackstrap molasses is generally stored long periods of time in round 
tanks resembling gasoline or fuel oil tanks. After blackstrap has been sep-
arated in centrifugals from low grade sugar it is pumped into the storage 
tanks, which may hold as much as 2 000 000 gal each. If the molasses is 
heavier than 90° Brix it is generally diluted with water for easier pumping. As 
a general rule molasses is stored at 85—88°Brix. At this high level of concen-
tration the final molasses is immune to bacteriological decomposition. 

Deterioration of Molasses 

Final molasses is not a very stable product, and when it is fresh, during 
the early part of storage, can show the formation of C02 gas. Other chem-
ical changes take place in storage; non-fermentable reducing substances 
increase and fermentable sugars correspondingly decrease. The latter can de-
crease in several months by 5% or more (Honig, 1965). Final molasses is 
quite susceptible to spontaneous froth fermentation. According to Sattler 
and Zerban (1945), there is froth fermentation of N-glycosides, which are 
condensation products between reducing sugars and amino acids: then, as a 
result of heating, melanoidins form from the glycosides, and at high concen-
tration create a dark brown to black amorphous substance with evolution of 
C02. This spontaneous froth fermentation in blackstraps is apparently caused 
by over-liming and overheating juices during the clarification process, or treat-
ment of cloudy returns from rotary vacuum filters in open defecators. 

High density and viscosity are contributory causes of spontaneous foaming 
and deterioration of blackstrap molasses. The critical temperature of stored 
blackstrap is 40—45°C (104—113°F). The decomposition of blackstrap 
molasses and formation of C02 gas is an exothermic reaction, and when the 
heat developed in the molasses is greater than the heat dissipation of the 
tank in which molasses is stored, the reaction is greatly accelerated. This may 
result in spontaneous internal combustion and destruction of molasses. If a 
steady rise in temperature is observed and there is froth, compressed air can 
be introduced at the bottom of the molasses tank to break and abate the 
foam (Honig, 1965). Water can be poured on the molasses surface to lower 
the temperature and dilute molasses and therefore reduce viscosity. The 
molasses storage tanks should be provided with several recording thermom-
eters located at different levels of the tank and they should record the tem-
perature on the same chart. Tanks should also be provided with large-size 
vents or suction fans to remove hot air. 

High-test Molasses 

When there is an excess of sugar cane which cannot be processed into 
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sugar because of the sugar quota, or because of its low purity, this can be 
made into edible syrup or high-test molasses. If the purity of cane is high and 
the sucrose will crystallize upon concentration, it can be partially inverted 
with H 2S 0 4, HC1, or invertese. The amount of invert sugar can be deter-
mined by the formula 

Invert sugar % solids = Brix - Pol./0.013°Brix 

Processing of high-test molasses is described by Spencer and Meade (1964). 

Uses of Molasses 

Blackstrap molasses is used for manufacture of rum and industrial alcohol. 
It is also used in feed for cattle, horses and chickens. For many years in 
Europe, molasses has been mixed with chopped straw or bran for horse feed. 
Today, in the U.S.A., a more complete horse diet is prepared with blackstrap 
molasses. 

Molasses is rich in carbohydrates, which occur mostly in the form of 
sugars. It also contains a small amount of protein and other substances which 
have some nutrient value for ruminants (Paturau, 1969). Blackstrap molasses 
can also be used for the manufacture of yeast. 

Dilution of Molasses 

For mixing the molasses with other ingredients for cattle feed it must be 
diluted, and the well-known 'spider' formula is used for calculation of the 
amount of water to be added to molasses. The Brix of blackstrap required 
for feed mixing is 79.5, and if it is kept in a storage tank at 90°Brix it will 
be necessary to add 

90 ^ . 7 9 . 5 

79.5 

0
y

^ 10.5 parts of water 

90.0 

Processes for Extraction of Sugar from Molasses 

Steffen lime or barium oxide saccharate processes for the extraction of 
sugar from molasses are not applicable to cane blackstrap, because of the 
large content of invert sugar present. At high pH, the decomposition of 
invert sugar and formation of organic acids and products of decomposition 
occur. 

Breen has developed a process which is under BMA (Braunschweig, 
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G.F.R.) license. In this process, high polarization sugar, potassium sulfate 
and high-test invert sugar syrup can be recovered from blackstrap molasses. 
In the first stage of this process a large part of inorganic salts, impurities and 
coloring matter are recovered at low moisture content, and after drying can 
be used as a high-quality fertilizer. The yield of K 2S 0 4 + Na2S04 varies be-
tween 12% and 18% of the original weight of molasses of 85°Brix. Potassium 
sulfate represents approximately 35% of this fertilizer. The yield depends on 
the composition and type of molasses processed. 

In the second stage of this process, 50—60% of the original sucrose in 
molasses can be extracted from the filtrate without additional chemical 
reagents. The sugar recovered has approximately 98° purity. A yield of 
about 17% on the weight of molasses can be expected from regular black-
strap molasses containing 32—35% sucrose. The remaining syrup, with salts 
removed and partially desugared, will be about 50% on the original weight of 
molasses. Therefore, 52% total sugars in molasses will yield syrup containing 
approximately 70% total sugars which will give a high yield in a distillery 
because it is free from salts. 

This process can be modified and, instead of extracting sugar and leaving 
high-quality molasses for distilling, golden edible syrup can be made. The 
first part of the process described above remains the same, but ethyl alcohol 
is used instead of methanol, and the desugarization stage is eliminated. The 
syrup can be treated with ion-exchangers, and decolorizing carbon can be 
used for refinement of the product. For processing one ton of molasses (166 
gal), four tons of steam of 25—30 psig and 100 kWh of electricity are re-
quired. Make-up of alcohol and H 2S 0 4 is 4% and 3%, respectively. If an ion-
exchanger is not used, then 1.5% of ammonia must be added to molasses to 
correct pH. 

Chromatographic Separation Process 

Finnish Sugar Co., Ltd. has developed a process for separation of sucrose, 
invert sugar and non-sugars from cane molasses by a chromatographic 
method (Hongisto et al., 1978). The molasses is pretreated by precipitation 
of phosphate and centrifugal clarification, since regular filtration is not prac-
tical with cane final molasses. The separation of sucrose, invert and non-
sugar fractions is accomplished in special columns filled with a special cation 
exchanger. This resin is used not for the exchange of ions, but as an ad-
sorbent for the fractions. The resin is in alkaline form, and to prevent ion 
exchange from taking place, deliming of molasses is necessary for removal of 
turbidity and calcium and magnesium salts. This is achieved in ion-exchange 
softening columns. There are three methods of operation: 

(1) to withdraw three different fractions, namely sucrose, reducing sugars 
and non-sugars; 

(2) to withdraw total sugars as one fraction and non-sugars as another; 
(3) to withdraw the sucrose fraction and non-sugars and reducing sugars 

as one residual molasses fraction. 
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By selecting the resin the economy of separation can be increased. The 
standard size FSE-separation column can treat 9 tons of solids in cane 
molasses per day, and evaporation capacity should be 11 tons of water per 
ton of solids in molasses. The fractions of sucrose or reducing sugars can be 
handled in various ways. After decolorization, dry or liquid sugars can be 
produced, or golden syrup. The residual molasses can be used as cattle feed, 
or can be mixed with cane molasses. It can also be used as fertilizer. 

Citric Acid from Molasses 

Bzura Chemical Company (Mascaro, 1961) has a patented process in 
which citric acid is produced from blackstrap molasses. The molasses is steril-
ized and inoculated from the seed-tank, and sterilized air is admitted at a 
controlled rate. The rate of air mixture is a critical factor. Normally, citric 
acid fermentation requires from seven to eleven days. In the Bzura process, 
this period is decreased by 25%. At the end of fermentation, the dilute solu-
tion of citric acid contains mycelium, phenols, acontic acid and nitrogenous 
substances. Mycelium is removed by rotary vacuum filter. To the filtrate is 
added slaked lime which precipitates calcium citrate. These crystals are sep-
arated in a string discharge rotary filter. Sulfuric acid at 60°Baumé is added 
to the crystals of calcium citrate, and a rotary drum filter removes the cal-
cium sulphate. The diluted citric acid solution is treated with activated 
carbon and filtered. The decolorized solution of citric acid is then evap-
orated in a double effect and the evaporated solution is crystallized in a con-
tinuous crystallizer and purged on centrifugals. The pure crystals of citric 
$cid are dried in a rotary dryer and classified on a vibrating screen. The 
finished product is bagged. Over-all yield of citric acid is 80—90% on the 
sugar content in the blackstrap molasses. 
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Chapter 17 

CLEANING HEATING SURFACES OF EVAPORATORS, VACUUM PANS 
AND HEATERS 

A great volume of sugar cane juice and syrup flows over heating surfaces, 
and it is only natural that the tubes of calandrias and heaters become scaled. 
The incrustation formed and deposited inside the tubes acts as an insulator 
and decreases heat transfer. When there is an accumulation of scale, the tem-
perature of effluent juices from heaters decreases, and rates of evaporation 
in the multiple-effect also decrease, as can be observed from decreases in Brix 
of effluent juices and syrup. Heaters do not foul as rapidly as evaporators 
because of the high velocity of juices. In an evaporator calandria, where 
juice remains a longer time, the scaling is more noticeable and forms faster, 
especially in the lower third of the tube where level of the juice is custom-
arily maintained. In quadruple-effect calandrias the scaling is distributed 
unevenly, with more scale formation in the first body than in the second or 
third, and most of all in the last body. Calcium phosphate scale is usually 
predominant in the first two bodies of a multiple-effect, while the last one is 
heavy with silica. 

Scale Formation in Evaporators 

In cane sugar factories, only 5—15% of the total quantity of washed and 
dried scale can be found in the second and third bodies, while from 10—25% 
and 30—55% is formed in the first and last bodies, respectively, of a multiple 
effect. The main component of the scale is always calcium with small 
amounts of magnesium combined with sulfate, phosphate, organates or 
silicate (Honig, 1963). Pellet (1899) noticed that silica incrustation formed 
mostly in the last body when juice had been clarified by defecation. If the 
carbonation process is used, then the scale contains carbonates, and with the 
sulfitation process sulfites will scale at the beginning of evaporation. Oxalate 
of lime is found in the last body, but in less quantity than silica. This indi-
cates that it is the most soluble compound, and precipitates only with max-
imum concentration of syrup. The author's experience indicates that, in 
general, scale formation is heaviest in the last two bodies of a multiple-effect 
and usually increases with higher concentration of syrup. 
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Effect of Liming on Scaling 

Formation and quantity of the incrustation are affected by the system of 
liming. Less scaling will be found in the evaporators when the sugar factory 
adheres to the correct liming procedure and where no free lime, or a very 
small amount at most, remains in the clarified juice. 

Cleaning of Calandria 

Chemical cleaning of evaporators has replaced manual cleaning with 
brushes and scrapers. Such mechanical cleaning of evaporator tubes is very 
slow and expensive, requiring a large labor force, which is difficult to 
procure for this type of work, and much valuable time is lost on cooling 
evaporators before the men can enter them to start cleaning. Thorough 
inspection is required to ensure that the cleaning has been done well. With 
constant scraping and brushing some metal may be scraped off, leaving the 
tube metal very thin. Though chemical treatment is also expensive, it 
requires less labor, and evaporators can be cleaned in a fairly short time. 
However, on some occasions the tubes must be brushed mechanically after 
chemical treatment. 

Period Between Cleaning 

In most sugar cane factories, evaporators are cleaned every weekend or, 
in the case of uninterrupted grinding, whenever a drop in heat transfer and 
decrease in Brix of syrup is noted. In Louisiana, where the crop does not 
exceed 50—60 days, evaporators are cleaned about every 10 days. In Florida, 
the cleaning is done on the run, for which reason, many sugar factories have 
two, three or even four sets of multiple-effects, one being a spare. Also, one 
first body and one last body can be a spare and evaporation switched to the 
prepared clean effect whenever it is necessary. When the second or third 
body has to be cleaned, the quadruple-effect can be operated as a triple-
effect for a few hours. However, this system requires additional piping. 

Scale Reduction 

In recent years, many chemical companies have developed products which 
reduce and retard formation of scale in evaporator tubes and calandria tubes 
of vacuum pans. Hodag VAP-99 is a surface-active chemical, used as an addi-
tive in multiple-effect evaporators to reduce scale formation and improve 
evaporator efficiency. It is a free-flowing liquid which can be added to the 
clarified juice continuously by a proportioning pump or a drip bucket. It is 
used undiluted, and in practice 10 ppm is generally sufficient. 

Another scale inhibitor manufactured by Hodag Chemical Corporation is 
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Hodag HCA-21. This is a white powder, completely soluble in water, and 
can be added directly to the evaporator supply tank or clarified juice, using a 
metering pump. This product also reduces scale formation in evaporator 
tubes and vacuum pans. Rapisol is formulated to increase the penetration 
and cleaning power of caustic cleaning solutions, while pH-2 Descaler is a 
powerful combination of acid-cleaning and wetting agents. It does not 
corrode stainless steel, copper or brass. 

Drew Chemical Corporation also manufactures a product for control of 
deposits in evaporators. Amersperse 1100 is a pale yellow liquid which, when 
added to the clarified juice, is effective in retarding deposition of calcium 
carbonate, calcium sulfate, calcium phosphate, and silica, as well as other 
contaminants of cane juices. 

Though additives reduce scale formation and help to decrease frequency 
of cleaning, evaporators must still be boiled out periodically with caustic 
soda and washed with acid. 

Cleaning Procedure 

Heating surfaces in evaporators are cleaned with caustic soda (NaOH) of 
different concentrations. The most often recommended is a solution at 
25—30°Baumé (20—25% NaOH) or stronger (Honig, 1963). In actual 
practice, the concentration of chemicals varies greatly from one sugar factory 
to another. To the caustic soda solution may be added 5—10% of soda ash 
(Na2C03) or sodium bicarbonate. The hot caustic soda solution is quite 
effective in softening and disintegrating the incrustation. Given sufficient 
contact time, it can transform insoluble sulfates and sulfites into calcium 
carbonate. 

After the juice has been evacuated, the multiple-effect must be thorough-
ly rinsed with water before it is filled with the caustic soda solution. After 
that, the steam to calandria is turned on and the cleaning solution kept 
boiling for several hours. Intensive circulation of the cleaning solution 
accelerates softening, and sometimes removes the scale completely. 

After the scale has become soft, the soda should be discharged into a 
storage tank and a sample of it tested for remaining strength. Ten milliliters 
of the soda are diluted to 1000 ml with distilled water and 10 ml of the dilu-
tion titrated with 0.02 Ν sulfuric acid in the presence of phenolphthalein 
and methyl orange as indicators. The deficiency of strength must be com-
pensated for and the solution of caustic soda made up to the original 
strength. Normally an 8% caustic soda solution is sufficient for cleaning, but 
a stronger solution is more efficient. The same caustic soda cleaning solution 
can be reused many times, but each time made up to the original strength. 

After the treatment with caustic soda has been completed and the 
cleaning solution has been withdrawn into the storage tank, the evaporators 
must be washed thoroughly with water and this water discarded. Sometimes 
the incrustation contains a large amount of lipids, part of which may be in 
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the form of fatty acids, and in the presence of caustic soda they will form 
soap and the cleaning solution may become very foamy and unusable. 

Some fabrication superintendants prefer to spray hot cleaning solution on 
top of the calandria instead of filling up the body with it. This method re-
quires much less caustic soda. A concentrated soda solution of about 50° 
Brix is sprayed through ordinary spray nozzles over calandria tubes. Only a 
small amount of steam is needed in the calandria to keep the soda solution 
hot. This soda washing procedure is followed by an acid treatment after 
rinsing the calandria with water. In extreme cases, the tubes of the calandria 
may need brushing in addition to the chemical cleaning. With repeated use of 
caustic soda, the concentration of Na2C03 may be in the form of sodium 
organate. The organates in incrustation are weak acids (Honig, 1963). 

After thorough rinsing of the evaporators, the heating surface is normally 
treated with acid solution which is generally inhibited HC1, or sometimes 
sulfamic acid. The acid cleaning solution should have pH below 3.0 at the 
beginning of cleaning, and should remain acid throughout the whole cleaning 
operation. If the pH of the cleaning acid solution rises above pH 5.5 during 
the cleaning period, more acid has to be added. The last body of the multiple-
effect is the most difficult to clean because, as was pointed out above, it has 
the heaviest and hardest incrustation. It is possible to remove the scale in the 
last body of the multiple effect by the use of sodium bifluoride and hydro-
chloric acid at a low acidity (pH 2.0—3.5) (Honig, 1963). 

For economy, it is recommended not to use the same concentration of 
chemical solution for all bodies of the multiple-effect. Because of heavier 
scaling, the last body will require more chemicals and acid than other bodies. 

Thermal Treatment 

After the evaporator has been rinsed with clean water and drained, steam 
can be admitted into the calandria, and any incrustation still clinging to the 
tubes will dry out, flake and fall down to the bottom of the evaporator. 
However, this thermal treatment should not be exaggerated, because some 
tubes may be loosened because of expansion. 

Cleaning with Fermented Molasses 

In some countries, good results in cleaning evaporators have been obtained 
with diluted and fermented molasses. This method of cleaning requires a 
longer period and it can be applied at the end of the crop. 

Of course, the type and composition of incrustation varies from one 
locality to another, and each sugar factory must choose the method of 
cleaning most suitable to its particular conditions. 
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Cleaning Calandria on Steam Side 

Although the heaviest incrustation is deposited on the juice side of the 
calandria, scale is formed also on the vapor side, or outside of tubes. In the 
first body calandria, a film of oil may be formed on the tubes. The exhaust 
steam which is used in the first body of evaporators carries small amounts of 
oil from engines or turbines and under pressure this oil deposits around the 
tubes, decreasing heat transfer. In the other bodies in which vegetable vapors 
are used for heating, there is a gradual deposit on the tubes of fatty acids, 
originating in the sugar cane and carried by vapors, or the deposit can be de-
composition products of the cane wax. However, most incrustations on the 
outside of calandria tubes are corrosion products of the material from which 
the tubes are made. Any sort of scaling formed on the outside of the tubes 
must be removed from time to time. This scaling is not comparable to the 
scaling in the tubes on the juice side, but nevertheless after a period of time 
it also may substantially reduce the heat transfer. Generally, the cleaning of 
the calandria on the vapor side is done during the dead season. There are 
many methods and materials used for cleaning the vapor side of the calandria 
and they are described by Honig (1963). It is also claimed that filling the 
calandria with diesel oil and leaving it during the dead season will thoroughly 
clean the vapor side of the calandria. Another method of cleaning is to pre-
pare a solution of 60 lb (27 kg) of NaOH and 60 lb (27 kg) of KMn04 in 
1000 gal of water at 60°C (140°F). This solution injected into the calandria 
can be heated with steam to 100°C (212°F) for 24 h. After this solution has 
been discharged and the calandria thoroughly rinsed, a second solution con-
taining six carboys of muriatic acid and 50 lb (22 kg) of iron sulfate in 1000 
gal of cold water must be injected and heated to 94°C (200°F) for about 
45 min. After this period, the solution is drained out and the calandria is 
washed with clean water. The vapor side of the calandria thus cleaned will 
remain clean for a long period of time. 

Cleaning with Silicate of Soda 

A very drastic method of cleaning a badly scaled heating surface is to 
flood the vessel with a 5—10% silicate of soda solution, heat for a while and 
finally run the soda solution out while steam is left on the heating surface. 
Some of the soluble glass bakes onto the tube surface. While the surface is 
still hot, a stream of cold water is applied. The metal violently contracts, 
splitting off the incrustation (Bardof and Ball). This method should not be 
used except as a final resort. 

Long-tube Evaporators 

In locations where heavy scaling is common because of high ash content 
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in cane juice, long-tube Kestner evaporators should be used instead of 
a standard multiple-effect with 5—7 ft long tubes. Because of the high 
velocity of juices and film evaporation, scaling rarely occurs in a long-tube 
evaporator. 

Cleaning of Heaters 

The heaters are cleaned with chemicals and by the thermal method. They 
can also be cleaned mechanically or manually. If there is a spare heater, 
it can be used while the cleaning of others is rotated at certain intervals. 

Cleaning of Refinery Equipment 

In refineries also the equipment must be cleaned, though not as often as in 
raw sugar houses, in order to maintain heat transfer and prevent the possibil-
ity of scale flaking off and contaminating the refined sugar. 

To prevent a gradual accumulation of incrustation definite intervals for 
cleaning must be established. If proper attention has been given to preven-
tion of formation of scale on heating surfaces, the process of cleaning is 
rather a simple matter. The calandria or coils can be flooded with water, and 
to each 100 ft

3
 (2.85 m

3
) about 50 lb (22.7 kg) of commercial hydrochloric 

acid of 18°Baume is added through a lead or plastic pipe. The vacuum can 
be raised partially and steam turned on. The acid cleaning solution can be 
permitted to boil at 88°C (190°F) for a few minutes. The hot acid water can 
then be allowed to stand at rest in the vessel for 2—3 h. After the acid water 
has been discarded, the heating surface must be washed with plain water. In 
some cases, acid treatment of the heating surface may be preceded by treat-
ment with a weak solution of caustic soda (about 3%). If incrustation is hard 
and difficult to remove, the concentration of caustic soda may be increased 
to 15°Brix. 

Cleaning procedure and use of chemicals varies in different refineries, 
nevertheless the refinery vacuum pans, heaters and particularly sweetwater 
evaporators, as well as remelt vacuum pans, must be periodically cleaned. 
Most commonly used, as in raw sugar houses, are sodium hydroxide (NaOH) 
and hydrochloric acid. However, because stainless steel is used in refinery 
vacuum pans, sulfamic acid is preferable to hydrochloric. The concentration 
of sulfamic acid is quite low, varying from 0.2 to 0.8%, with the higher 
percentage being used in the remelt pans. Sometimes the acid is inhibited 
with various inhibitors, which may be Rodine, Armohib, Actane, Stannine or 
others. The frequency of cleaning refinery evaporators or vacuum pans will 
vary, depending on the type of scale and the rapidity of its formation (Pat-
terson, 1975). 

In a refinery which uses phosphoric acid—lime treatment in continuous 
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clarifiers, phosphate scale may form in vacuum pans, when the process is 
conducted on the acid side. This procedure of working with low pH of 
liquors may give a lighter color sugar liquor, but upon concentration the 
excess of phosphates will precipitate on the heating surface. This should be 
avoided by conducting the process of clarification at a higher pH, and main-
taining the clarified liquor at pH 7.0—7.2. 

Scale in refinery pans or evaporators not only affects heat transfer, but 
when it splits and chips off will contaminate white massecuite and refined 
sugar. 
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Chapter 18 

WATER IN CANE SUGAR MILLS: 
ITS USES, CARE AND TREATMENT FOR BOILER FEED 

ENRIQUE E. MOLINET 

Water is never found pure in nature; it may be said that water for in-
dustrial uses is always impure or contaminated. Even rainwater and evap-
orated water are impure. The impurities in water come from the source of 
supply, and the treatment to be used where such impurities are present 
depends on the use of the water in question. 

In general, the various uses of water in cane sugar mills are: (1) boiler 
feed; (2) imbibition and/or diffusion; (3) washing of raw sugar; (4) melting 
of raw sugar; (5) washing of refined sugars; (6) melting of refined sugars for 
manufacture of syrups for consumption; (7) cooling; (8) condensers. 

It is desirable to enumerate the sources of water in cane sugar mills and 
how they should be separated for storage and use as boiler feed. Aside from 
specially treated natural water, the main sources of water in a cane sugar mill 
are condensates from heaters, evaporators and vacuum pans. The water from 
all of these sources must be continuously and carefully watched and treated 
in accordance with its final use. 

In general, in a cane sugar house including a refinery, or where direct con-
sumption sugars are produced, the condensate is divided for use and control. 
Also used for boiler feed are: condensate from heaters using exhaust and 
first-effect vapors; condensate from Pauly or pre-evaporator using live steam; 
condensate from first- and second-effect calandrias; and condensate from 
vacuum pans using exhaust or first-effect vapors. Provision must be made 
from each individual source for sampling and diverting each source from this 
group to other uses than boiler feed or for ditching. 

Some engineers prefer to avoid the use of first-effect vapors, and this is 
recommendable unless the amount of condensate needed for boiler feed is 
insufficient (where the supply of boiler feed is ample, condensate from 
vapors is not used for boiler feed). At any rate, all sources of condensate 
must be continuously and carefully watched for sugar contamination and 
provisions made as stated in the preceding paragraph. 

It is generally accepted that, even in the most modern cane sugar mills, 
the maximum boiler design pressure necessary is 300 psig and the operating 
pressure around 250 psig with a maximum 315°C (600°F) total temperature, 
unless there are other large users of power requiring 400—600 psig. Such large 
users of electric power are public utilities, lumber mills, mining, irrigation, etc. 
With the use of higher pressure, the care of boiler feed water and the internal 
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treatment of the boilers becomes more important. Emphasis here will be 
concentrated on the care of the boiler feed and internal treatment, empha-
sizing a few items that many engineers are prone to overlook or neglect, con-
sidering them superfluous and not worthy of the expense. 

In general, emergency boiler feed water storage in a cane sugar house 
should be not less than 1 gal of water per lb of steam-generating capacity. In 
old mills, where piping is not properly arranged for good control or where 
the condensate available is not always sufficient 1.5 gal per lb of steam is de-
sirable. In other words, for a boiler room with 200 000 lb of steam per hour 
generating capacity, the emergency feed water storage should be not less 
than 200 000 gal of water. In a case where boiler water has become badly 
contaminated with sugar and the time elapsed between investigating the 
source of contamination and arrangements to eliminate it is 3 h, ditching 
boiler water by a 25% blowdown is recommendable. The total boiler feed 
consumption per hour would then be 125% of the generating capacity, and 
the total consumption of boiler feed would be 375% for the 3 h. With 
200 000 lb of steam capacity the total consumption for the three hours 
would be 750 000 lb or about 91 000 gal of water. If all the feed water 
during that time is drawn from the reserve storage tank a little less than half 
has been consumed if the tank was full. 

Assuming there is no raw water boiler feed, the main constituents of con-
tamination of the boiler feed condensate water are: 

(1) sugar and mud from broken juice heater tubes, or from leaks; 
(2) sugar from effect and pan calandrias or coils; 
(3) oil from the exhaust of steam engines. 
Sugar in the boiler feed water in small amounts can be tolerated for short 

periods of time, but the source of contamination should be traced and elim-
inated. Even small amounts of sugar contaminating the boiler feed will re-
circulate throughout the system and will accumulate in the boilers causing 
harmful effects in the boiler tubes. Sugar in larger quantities in the boiler 
feed water will produce harmful effects not only in the boiler tubes but in 
the complete system. The smell of burnt sugar in the factory is very notice-
able when sugar is present in large quantities in the feed water, and the 
effects can be dangerous and sometimes disastrous. Steam traps, flow meters, 
safety devices, and valves become stuck and inoperative. The author has seen 
at least six steam turbo-generators that were seriously damaged because of 
sticking of the safety trip valves, and one Corliss steam engine with an 
exploded flywheel from the same cause. Excessive sugar in the boilers also 
causes foaming with water slugs which can be extremely dangerous. Organic 
acids also form from the breakdown of sugar in the boilers with a concomi-
tant lowering of the pH and increased hardness which precipitates deposits 
on the internal surface of the tubes. In short, all steam equipment with 
which sugar-contaminated steam comes in contact may be rendered inopera-
tive and ite use and purpose completely defeated. 

One peculiarity of contamination of the condensate from juice heaters is 
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that the juice that leaks into the condensate defecates when it gets into the 
boilers. Hence, not only sugar but mud also contributes to the contamina-
tion of the system. Defecated mud in the boilers has a very low specific 
gravity and is very often carried over with the steam, depositing in places 
where steam either condenses or its velocity changes favorably. Such places 
are the steam side of heat exchangers, steam valves, and some of the rows of 
blading of steam turbines. If it is present in appreciable quantities the effects 
can also be disastrous. Its accumulation in the blades of steam turbines 
reduces their output capacity considerably and will also very often cause 
excessive vibration due to unbalancing. 

The remedy for both excessive sugar and mud in the boiler water is the 
same, i.e. neutralizing the acidity in the boilers by use of large quantities of 
NaOH or Na2C03 to maintain the pH between 10 and 11.5 and replacing the 
boiler water by non-contaminated water from the emergency storage tank; 
removing the source of contamination as soon as possible by ditching the 
contaminated condensate until repairs can be made; and the continued and 
effective vigilance of all the sources of condensate for boiler feed. 

The presence of oil from the exhausts of steam engines used to be a major 
problem, but the improvement in lubricants which decrease emulsion and 
the quantities required to lubricate steam cylinders have decreased these 
problems to a minimum. Where necessary, oil separators, feed-water filters 
and boiler-feed tanks where oil may be floated and skimmed and ditched are 
common remedies. Care should be exercised that oil does not contaminate 
boiler feed as its harmful effects are corrosion, foaming and priming and film 
deposits in heat exchangers on the steam side. Of course, where most prime 
movers are steam turbines the oil problem does not exist. 

Where all the boiler feed is condensate from a good source and is not con-
taminated, the feed water is soft and may have small amounts or traces of 
sugar, vegetable oils and acids, dissolved solids and oxygen. Periodic analyses 
of condensates should be made, at least twice a day and preferably every 
hour, together with sugar detection. These should include tests for hardness 
(ppm), oil, sugar and dissolved solids. These tests are simple to make and the 
boiler-room foreman or other qualified person can make them. The sample 
of the water to be tested should pass through a sample cooler so that the 
temperature of the sample is brought down to less than 160°F so that no 
evaporation or flashing takes place thereby producing an error in the concen-
tration. 

Hardness 
Non-contaminated condensates should have zero or no more than a trace 

of hardness. If hardness appears, the source must be found and the cause 
eliminated and the contaminated water ditched. 

Sugar 
Any condensate that contains sugar should be ditched or diverted until 

the source of contamination is eliminated. 
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Oil 
If the boiler feed system is arranged to eliminate oil from mill engines 

and others and the amount of oil in the condensate is not over normal no 
special care is required. When an excessive amount of oil appears the sources 
must be investigated and eliminated. 

Dissolved solids 
In general waters from sources that do not vary much in nature usually 

have an approximately fixed ratio of chloride to dissolved solids. 
As recommended by the Deady Chemical Co. and others, for proper 

control and treatment, the water in the boilers should have the properties 
indicated in Table I. 

TABLE I 

Boiler water composition 

Property Maximum Minimum Units 

Hardness 0 0 (grain/gal) 
Hydrates 50 15 (grain/gal) 
Chlorides 53 — (grain/gal) 
Phosphate 40 20 (ppm) 
Sulphate 30 15 (ppm) 

Concentration (for boilers up to 300 psig) 
Total solids 3500 2000 (ppm) 
Suspended solids 300 0 (ppm) 
pH 11.5 8 (for short periods) 

The internal boiler water composition can be controlled by the proper 
injection of selected chemicals in the boiler feed and the quantities to be 
injected are to be governed by the water engineer. It is standard practice 
wherever possible to contract the services of a chemical company which 
specializes in water control. One should select the company that can give 
service and advice on control in the area. This service is usually free of charge 
if the control chemicals are purchased from the service company. 

Control of the boiler water, and thereby the quality of the steam and 
internal condition of the boiler, is useless unless the proper concentration of 
solids in the boiler is maintained within the required limits. It is impossible 
to maintain the proper concentration in the boilers unless continuous blow-
down, properly controlled, is used and frequent checks of the concentration 
are maintained. Continuous blowdown keeps the chemicals which have gone 
into the boiler for water conditioning long enough to react chemically with 
the impurities in the boiler feed and thereby maintain the proper chemical 
balance. 

Chemicals for the conditioning of the water in the boilers may be injected 
in the suction line of the boiler feed pumps with a proportioning pump. The 
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chemicals can be mixed every few hours in a small 50 gal tank from which 
the proportioning pump will draw for injection into the suction of the boiler 
feed pumps. The point of injection should be far enough ahead of the boiler 
feed pumps to allow sufficient time for thorough mixing. The amount of 
chemicals to be injected per hour is proportional to total evaporation of all 
the boilers and will be distributed to each boiler with the feed water in the 
amounts which are closely proportionate to the rate of steam production of 
the boiler. 

The usual blowdown of mud deposits in the mud drum or headers in old 
boilers should not be used where conditions are so bad that mud has accu-
mulated, or at long intervals to eliminate possible accumulation in the mud 
drums. This old practice if exaggerated defeats the whole chemical treatment 
because if excessive blowdown is used the chemicals which have been 
injected are ditched with the blowdown. An exception where large and 
repeated blowdowns are advisable and necessary is the case of excessive sugar 
in the boilers. A cheap and simple method of continuous blowdown and 
continuous check of the boiler concentration is shown in Figs. 18.1 and 
18.2. Where a continuous blowdown connection is available (CB in Fig. 18.1) 

M e a n water level 

CB 

B o t t o m or m u d d r u m s 

CB 

A : 
Β : 

C CJL 

A : s h u t o f f va l ve Β : quick open ing va lve C: check va l ve 

Fig. 18 .1 . Continuous blowdown system. 

Feed connec t i on 

Mean water level 

h * / S l o w d o w n p ipe 

Samp le cooler 

Conduc t i v i t y cel l 

:|É-f G radua ted b l o w d o w n 
needle valve 

D a m p e n i n g c h a m b e r 

To d i tch 

S a m p l i n g cock 

C o n d u c t i v i t y The rmo-
meter meter 

Fig. 18 .2 . System for preventing short-circuiting of injected chemicals to continuous blow-
down tube. 
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in the top boiler drum, a pipe about one half the length of the drum and 
open at the end inside the drum is the best place for the control of the con-
tinuous blowdown. This connection should be about halfway between the 
mean water level and the bottom of the drum. It should be on the opposite 
side of the feed water injection so that the chemicals with the feed water do 
not short-circuit to the continuous blowdown tube (see Fig. 18.2). 

For sampling the water to determine the concentration of dissolved solids, 
a conductivity-bridge meter is very reliable. As the sample of water to be 
checked is hot and would otherwise flash it is first passed through a cooler 
to bring its temperature within the range of the meter. The outlet of the 
cooler could go to a suitable 'Τ' fitting where the conductivity cell and a 
thermometer could be inserted. The sample to be tested should be allowed 
to run for a few minutes so that the previous sample has been displaced. 

The continuous blowdown can be adjusted so that the concentration in 
the boiler can be kept within 2000 to 3500 ppm. The steam consumption 
in a sugar mill fluctuates considerably so that an average concentration is 
acceptable and it is not necessary to readjust the blowdown valves for every 
check, and experience will determine the best point. This will automatically 
allow for the proper time required for chemical reactions to occur. Thus, it 
will only be necessary to adjust the amount of chemicals going to the boiler 
feed for proper internal treatment. 

Instead of having one cooler for each boiler as shown in Fig. 18.2, one 
cooler may be used for several boilers. Each boiler is connected from the 
sampling connection through a throttling valve to a cooler header so that one 
boiler may be sampled at a time (see Fig. 18.3). 

Fig. 18 .3 . Common cooler for boilers for sampling. 

Should it be possible to make your own equipment, it is possible to pur-
chase the graduated blowdown valves of the needle-throttling type similar to 
those used for ammonia expansion valves, and a graduated disk attached to 
the hand-wheel showing the amount of opening. The valve manufacturer can 
provide the appropriate cv. constant of the valve and the formula for calcu-
lating the amount of water passed per unit of time for different pressure 
drops. 

The amount of continuous blowdown can be estimated from the following 

1 * Γ - * 
o m m o n heade i C o m m o n header 

Celt 
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formula 

β = (FX 100) / (C-F) 

where: Β is blowdown % of steam generated in lb/h; F is dissolved solids in 
feed water (ppm); and C is allowable concentration in boiler water (ppm). 

Good condensate for boiler feed in sugar mills rarely exceeds 100 ppm. 
For boilers from 15 000—100 000 lb h"

1
 the percentage blowdown would be 

keeping the concentration in the boiler average 2500 ppm, i.e. 

Β = (100 X 100)/(2500 -100) = 4.15% 

At 15 000 lb h"
1
 the blowdown rate would be 625 lb h"

1
 or ca. 74 gal. 

h"
1
 and at 100 000 the rate would be 100/15 of 74, or 500 gal h~\ or 

1.25-8.35 gal min"
1
. 

Using the above data it is possible to determine the correct size of valves. 
Several manufacturers make continuous blowdown equipment and sample 

coolers, among which one of the most popular is Kaye and MacDonald, Inc., 
West Orange, NJ, U.S.A. Industrial Instruments, Inc., Essex County, NJ,also 
make sample coolers and a wide range of conductivity meters from the indi-
cating to the recording types. Their Catalogue No. 27 gives a complete de-
scription. Where no blowdown connection is available at a top drum the 
blowdown graduated valve (GV in Fig. 18.1) may be used. 

Imbibition, washing and melting of raws can be done with condensate 
from vapors and if necessary condensate contaminated with sugar (but not 
from heaters). Melting of refined sugars to make syrup for consumption re-
quires special treatment to obtain final syrups which correspond to con-
sumer's specifications. 

Cooling water, unless very hard and at high temperatures may be used as it 
comes from the source. Condensers can use seawater without any harmful 
consequences. 

Summarizing the main points that must be carefully observed as a safety 
measure and acceptable operating practice in the care of boilers and steam: 

(1) Use only condensates from exhaust and avoid condensates from 
vapors. 

(2) Arrange for frequent and continuous checking of the condensate for 
boiler feed either by laboratory samples tested as per usual practice or instru-
ments for continuous check. 

(3) Arrange for ditching or diverting sugar-contaminated condensates 
immediately after detection. 

(4) Provide reserve uneontaminated condensate approximately 1 gal 
capacity for each boiler generating capacity in lb h"

1
. 

(5) Frequently analyze the boiler feed water for hardness and dissolved 
solids to determine continuous blowdown rate using the appropriate formula 
given above. 

(6) Use continuous blowdown and install conductivity meters and sample 
coolers to control the blowdown based on the concentration in the boiler. 
These instruments pay for themselves very quickly. 
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(7) Unless expertise in the chemistry of water is available, contract the 
services of a reliable water control firm. 

(8) Eliminate oil in condensate as much as possible. 
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Chapter 19 

RAW SUGAR 

In the first part of this book, the manufacture of sugar has been described, 
in which sugar cane is the raw material. In sugar refining, raw sugar is the 
prime material and good refining quality of raw sugar is just as important for 
the refinery as a good variety and freshness of sugar cane for the raw sugar 
house. 

Types of Refinery 

There are two types of cane sugar refinery: (1) those operating in con-
junction with a raw sugar house; and (2) independent refineries which may 
purchase raw sugar from many raw sugar producers and from different 
countries. As a rule, the capacities of sugar refineries operating in conjunc-
tion with a raw sugar house vary from 100 to 500 tons of refined sugar pro-
duction per day, with rare exceptions. Many such refineries operate only 
during the crop and refine only the raw sugar produced in their own raw 
sugar houses. If the refinery is small and cannot process all the raw sugar 
produced during the crop, it may continue refining outside the crop period, 
and sometimes even purchase raw sugar from neighboring raw sugar facto-
ries. This type of refinery is at a great advantage, because the raw house can 
produce the type of raw sugar most suitable for the refinery's requirements. 
However, this requires greater care in the work of the raw sugar house. These 
refineries also have the advantage that all returns from the refinery can be 
sent back to the raw sugar house to be reprocessed together with fresh in-
coming syrup during the crop. Small refineries also can refine only their 
grade Ά ' sugars, which simplifies the refining operation, and the sugar they 
process is always fresh. These refineries are generally located near raw sugar 
houses and, therefore, they have no expenses for transportation of the raw 
sugar to the refinery. But the refined sugar, if not sold locally, must be trans-
ported to large centers, and the expense of freight, insurance and packing 
must be carried by the refinery. Handling of refined sugar is more expensive 
than handling of raw sugar, particularly raw sugar in bulk. 

Large Refineries 

Refineries which purchase nothing but raw sugar work on a small profit 
margin, being the difference between the cost of raw sugar plus production 
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expenses and the refined sugar price. Such refineries are not economically 
feasible unless their daily production is large. Therefore, the capacities of 
such refineries range from a minimum of 500 tons daily production up to 
3000 tons or more. The main problem for the large refinery which operates 
on purchased raw sugar is the remelt house, where run-offs, washings, affina-
tion greens and sweet-waters have to be processed into high- and low-remelt 
sugars and returned to the refinery for reprocessing into refined sugar. 

Quality of Raw Sugar 

If there are variations in the quality of raw sugar delivered to the refinery, 
there is overloading of one station or another, and sometimes the output of 
the refinery must be curtailed when the quality of raw sugar is poor (Figs. 
19.1 and 19.2). Therefore, uniformity in refining quality of raw sugar is of 
prime importance. Unfortunately, blending of different raw sugars is not 
always possible, .because shipments arrive at the refinery at different times, 
and storage facilities of most refineries are limited to only a few days supply. 
Large refineries must be located within easy access of centers and markets 
for refined sugar, and are generally in ports, where raw sugar imported in 
bulk by ship can move directly from the pier into the refinery warehouse 
without much handling. 

Fig. 19 .1 . Excellent quality raw sugar for affination and refining (magnification lOx ). 
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Fig. 19 .2 . Good quality raw sugar, though the crystals are not perfectly even. Few 
conglomerates and twins can be observed (magnification 10X ). 

Plantation White Sugar 

Some raw sugar factories produce direct-consumption sugar, such as 
'turbinado', or 'plantation white', made by using sulphitation or raw cane 
juice carbonatation processes. These are not considered refined sugars. 

Purchasing of Raw Sugar 

The system of purchasing raw sugar by the refiner varies in different coun-
tries. In the U.S.A., sugar is bought for refining on a polarization basis, and 
the price is based on 96°Pol. sugar. Above that polarization, the refiner pays 
a certain premium up to 98.8°Pol., and a deduction is made on sugars 
polarizing below 96°Pol. Even though two raw sugars may have identical 
polarizations, their refining quality may not be the same, and their processing 
and refining costs may be quite different. Ash and organic non-sucrose con-
tent have a definite melassigenic action, and two raw sugars polarizing equal-
ly may yield different amounts of refined sugar and molasses. In some coun-
tries, raw sugar is purchased on the basis of refining value, using various 
empirical formulas. European countries belonging to the Common Market 
purchase raw sugar using the following formula based on theoretical yield 

Theoretical yield = (D.Pol. X 2) - 100 (1) 
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This empirical formula may be altered with time. The previous formula used 
was 

Theoretical yield = D.Pol. - (Invert X 2 + Ash X 4) (2) 

In actual refinery practice it is more difficult to obtain the yield calculated 
by eq. 1. This can be seen from the calculation made from the analysis of 
two raw sugars shown in Table I. 

TABLE I 

Analysis of two raw sugars 

Raw sugar 1 Raw sugar 2 

D.Pol. 98 .8 97.6 
Invert 0.2 0.35 
Ash 0.3 0.45 
Moisture 0.25 0.50 
Organic Ν S 0.45 1.10 

100 .00 100 .00 

Both sugars have the same Safety Factor (S.F. = % Moisture/100 - Pol.) = 
0.21. 
Equation 1, used at present, gives 

(98.8X 2 ) - 100 = 97.6 (Sugar 1) and (97.6 X 2) - 100 = 95.2 (Sugar 2) 

Whereas, eq. 2, used formerly, gave 

98.8 - (0.2 X 2 + 0.3 X 4) = 97.2 (Sugar 1) 

and 97.6-(0.35 X 2 + 0.45 X 4) = 95.1 (Sugar 2) 

Even when theoretical refining value is the same in different raw sugars, they 
will process differently in the refinery. 

The theoretical yield of the refined sugar and blackstrap molasses can be 
calculated arithmetically from a chemical analysis of the raw sugar. From 
practical experience in char refineries, it has been found that when char-
filtration is used with anormal quantity of char (1 lb of char per lb raw sugar) 
the loss of sucrose ranges from 1.0—1.5%, reducing sugars may gain or lose 
5%, the amount of ash will be reduced by 20% and organic non-sugars by 
40% (Bardof and Ball). By applying these percentages to actual raw sugar 
analysis, the amount of raw sugar required to produce 100 lb of granulated 
sugar and refinery blackstrap molasses can be calculated. 

Tate and Lyle Refineries Ltd. use empirical formulas which have been 
gradually modified with improved refinery operations. Therefore, knowing 
the amount of sucrose, ash and non-sugars, it is possible to predict the 
approximate yield from a refinery, but the physical characteristics of raw 
sugar have a very considerable influence on actual recovery and performance 
of the refinery. Even in chemical analysis of raw sugar, all organic non-sugars 
are quantified together, because they consist of small amounts of many 
types of organic matter which are not easy to analyse separately in a 
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standard laboratory. However, these components, no matter how small, may 
affect clarification, color and filterability of sugar liquors. Some compounds 
in raw sugar which are normally not colored, become highly colored under 
the influence of heat or alkalinity. The steps in color formation are: 
inversion, destruction of lévulose by heat and alkalis and destruction of dex-
trose by heat and amino acids. Inversion can be minimized by maintaining 
pH close to neutral and by reducing the temperature of operation. 

Talodura Process 

To improve refining quality of raw sugar, the syrup from the evapora-
tion station ('meladura') can be treated with phosphate solution before 
aeration for primary flocculation and then with Talodura polyacrylamide. 
This produces secondary flocculation. The syrup (meladura) from the last 
effect is pumped from the storage tank to a heater (Fig. 19.3), where its 
temperature is raised to 80—85°C (175—185°F), and 200—300 ppm of P2Os 
on the weight of total solids in syrup is added. After this treatment, the 
syrup is passed through an aeration tank. After leaving the aeration tank the 
phosphate-treated syrup is dosed with Talodura 10—15 ppm by weight of 
total solids, just before the meladura enters the Talo flotation clarifier (Fig. 
19.4), in which phosphate floe (scum) with occluded air bubbles is separated 

THE TALODURA PROCESS 

FLOW DIAGRAM 

Fig. 19 .3 . Flow diagram of the Talodura process (courtesy of Tate and Lyle, London, 
Gt. Britain). 
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Fig. 19.4 . Talodura installation showing clarifier, reaction tank and chemical storage 
tanks (courtesy of Tate and Lyle, London, Gt. Britain). 

from clear syrup (Fig. 19.5). The residence time is approximately 20—30 
min, and clarified syrup obtained has a lower color, viscosity and turbidity. 
The scum is returned to the liming juice tank. In the case that the meladura 
coming from the multiple-effect is too acid, milk of lime can be added to 
correct pH. 

The Talodura process is particularly advantageous for a raw sugar factory 
which has a refinery, because further decolorization and filtration requires 
less decolorizing agents and also less filter-aid. 

The Talodura process can be successfully applied in fabrication of 'planta-
tion' white sugar for direct consumption. Talo clarifier and Talodura process 
are patented by Tate and Lyle, Ltd. 

Characteristics of Raw Sugar 

The refining quality of raw sugar (which affects the processing operation 
and yield in the refinery) is governed not only by the chemical composition 
of the raw sugar, but also by its physical characteristics. A high percentage of 
ash in the raw sugar is disadvantageous to the refiner, because it requires 
large char or ion-exchanger capacity to adsorb it. A high starch content in 
raw sugar is also undesirable, because it adversely affects filtration, reduces 
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Scum mixing t 
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Desweetening water 
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Fig. 19.5. Scum desweetening: (a) single-stage system (a single such unit is required for 
this five-stage process); (b) two-stage system (equipment comprises of two extraction 
units of mixer and clarifier). (Courtesy of Tate and Lyle, London, Gt. Britain.) 

capacity of the refinery filter station, and necessitates the use of more filter-
aid, which is not economical. 

The coloring matter in raw sugar, which is difficult to remove by affina-
tion when crystals are conglomerated, causes considerable trouble and 
expense in a refinery, since additional amounts of decolorizing agent will be 
needed to remove it, and the normal cycle of bone-char, granular carbon or 
decolorizing ion-exchangers will be shortened and more frequent regenera-
tion will be required. Therefore, regularity of raw sugar crystal is very im-
portant for the refiner. 
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Effect of Moisture 

Excessive moisture in raw sugar may be a vehicle for microorganisms. 
A small amount of water may reduce the protective film of molasses around 
the crystal to a dangerously low density, permitting microorganisms to pen-
etrate to the sugar crystal itself and initiate deterioration. It is of great 
importance that raw sugar which must be stored, even for a comparatively 
short time, should have a safety factor of <0.25. 

Shape and Size of Crystals 

The type, shape and size of raw sugar crystals has a definite effect upon 
the affination process, and greatly influences refining. Smaller crystals will 
have considerably more surface per unit of weight than bigger crystals, and 
since the surface of raw sugar is covered with a film of molasses, more 
molasses has to be removed by more intensive washing. If the crystal, is not 
very hard and sharp, more sucrose will be dissolved, increasing purity and 
volume of affination greens. The size of a good raw sugar crystal should be 
between 1.0 mm and 0.6 mm, preferably 0.8 mm. All crystals should be 
uniform, sharp and hard (see Figs. 19.6—19.11). 

Conglomeration 

On the other hand, very large crystals may be conglomerated, that is, 
small crystals sealed together. A large portion of molasses film is imprisoned 

Fig. 19.6 . Medium-size, fairly even crystals of raw sugar. There are some twins and a few 
conglomerates (magnification 10X ). 
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Fig. 19.7 . Raw sugar crystals of medium and small size, sufficiently good for affination 
(magnification 10X ). 

Fig. 19 .8 . Large size crystals of raw sugar with a large proportion of twins (magnification 
10X). 

between the fused crystals and it is impossible to remove this without dis-
solving many of the crystals. However, if the molasses is not removed, the 
melt of affined sugar will contain a large amount of coloring matter and will 
have lower purity. Therefore, for good affination, the raw sugar grain must 
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Fig. 19 .10 . Small and badly conglomerated raw sugar. Only a few clean crystals can be 
observed. This type of raw sugar is difficult to affine (magnification 10X ). 

be of medium to large size and be free from conglomerates, twins and 
bagacillo. The latter cannot be removed by affination, because it is 
imbedded in the crystal itself. 

Fig. 19 .9 . Large uneven raw sugar crystals with an excessive proportion of conglomerates 
(magnification 10X ). 
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Fig. 1 9 . 1 1 . Good quality 'C-grade sugar (magnification 10X ). 

Bagacillo 

The ash of bagacillo increases the total ash of raw sugar. Bagacillo adverse-
ly affects clarification in the phosphatation of liquors. 

Film of Molasses 

The surface color of raw sugar has no particular effect upon refining when 
the crystal is sharp and hard. The film of molasses covering a well-shaped 
crystal can be easily removed in the affination station, carrying with it max-
imum impurities and coloring matter. On the one hand, hard, clean crystals 
of low color and high purity will be produced, and on the other hand low 
purity, highly colored affination syrup will be produced which can be re-
boiled with a minimum number of strikes into remelt sugar and refinery 
blackstrap of low sugar content and purity. However, a raw sugar crystal 
which has a large amount of coloring matter within the crystal may give the 
refiner considerable trouble in processing. Actually, the color and filterabil-
ity of sugar should be measured in sugar already affined and not in the raw 
sugar as it is delivered to the refinery. On the whole, impurities in raw sugar 
are removed in the affination process, and consequently do not affect the fol-
lowing refinery operations. 

Evaluation of Raw Sugar 

Effective from September 1966, the Amstar Corporation (at that time the 
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American Sugar Co.) established a new procedure for evaluating the refining 
quality of raw sugar whereby methods of weighing, sampling and analyzing 
raw sugar were defined. The final settlement price includes adjustments to 
the 96° price for polarization and also for deviations in moisture, ash, grain 
size, filterability, color and osmophilic yeasts, instead of the former price for 
polarization alone. Methods are given for the calculation of both penalties 
and premium, based on an assumed 96°Pol. price of raw sugar. It is there-
fore advisable for all raw sugar producers selling sugar to the U.S.A. to be 
acquainted with these standard procedures for evaluating raw sugars and to 
establish similar analytical controls in their own laboratories. This will 
permit them to produce high-quality raw sugar which can be sold without 
penalty, and at a satisfactory premium. 

The methods of evaluation are simple, and can easily be carried out in the 
laboratory of a raw sugar factory. For evaluation of quality, the following 
determinations are made on the whole raw sugar: (1) factor of safety (based 
upon moisture by drying and settlement polarization); (2) ash content; 
(3) osmophilic yeasts. Tests made on laboratory affined raw sugar include 
grain size (percent passing through a 28-mesh Tyler sieve), color 
(I.C.U.M.S.A. color units, Method 2, 1958) and filterability (ml solution 
passing through a 1.2 μπι Millipore filtration pad in 10 min). 

In the C and Η refinery similar evaluation of washed raw sugar is made. 
However, an additional test is made to determine affinability of raw sugar. 
This is made by mixing in a jar a standard amount of raw sugar with a 
standard volume of nearly saturated sugar syrup and rolling it for a fixed 
time on a constant-speed jar mill at a constant temperature. This mingling 
operation is repeated three times. Between each mingling the syrup is 
separated from the sugar by draining it by vacuum for a specified time on a 
fine mesh wire screen. The sugar is washed with methyl alcohol by rolling 
on a jar mill, and then rinsed with isopropyl alcohol. 

Filterability Test and Other Evaluations 

The filterability test is made in a pressure filter at a constant pressure of 
20 psig. The grain size is determined by screening washed sugar through a 
U.S. standard sieve (28-mesh) for 10 min on a Ro-Tap shaker. The color is 
determined on clear filtrate, after adjustment of pH, on a Beckman sugar 
colorimeter at 420 μπι in a 1 cm cell (Fig. 19.12). For evaluating the refin-
ability of a raw sugar, the affined sugar melt is tested for decolorization by 
passing it over the laboratory char columns (Beal, 1963). 

It is in the interest of all raw sugar manufacturers to establish such tests in 
raw sugar factories and to produce raw sugar of specified quality. Even if a 
raw sugar producer is not paid extra for high-quality raw sugar, his sugar 
will be in demand by refiners and he can save much money on storage and 
minimized losses of sucrose in warehouses, and by quick sales and rapid turn-
over. 
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Fig. 19 .12 . Laboratory filter for filterability test. 

Some large refineries prefer to buy sugar with a high polarization even if 
they have to pay a premium for it, because it is advantageous to handle less 
impurities and to have a higher yield of white sugar. A smaller recovery 
house is needed in this case. On the other hand, some refineries which pro-
duce a large quantity of soft sugars, which contain invert sugar and have a 
high ash content, may prefer to purchase standard 96°Pol. sugar. In this case 
it is important to have an efficient affination station. 

For a raw sugar manufacturer who refines his own sugar, it is financially 
advantageous to produce good-quality raw sugar because of savings in de-
colorizing agents and filter-aids, as well as increased capacity of refinery 
because of good clarification and filterability of sugars. 
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Refinery Control 

Photographs of Massecuites 

Taking photographs of footing strikes and other raw sugar massecuites, 
as well as of finished raw sugar, can improve the boiling performance of 
sugar boilers. Photographs of different massecuites with numbered strikes 
and names of sugar boilers can be posted on a bulletin board on the pan 
floor. This procedure will have a considerable effect upon sugar boilers, and 
improvement in quality of raw sugar will be soon noticed. 

Weighing Raw Sugar 

For refinery control and for tracing losses in the refinery, all raw sugar 
entering the refinery must be weighed, whether this sugar is imported or 
produced in a raw sugar house adjacent to the refinery. A complete account 
of the refining process must be maintained. Therefore, weights and analyses 
of all sugar products in the refinery must be recorded. 

In order to reduce labor expenses, the scales for weighing raw sugar must 
be fully automatic. They must be installed in a location where there is no 
vibration, preferably on a separate concrete slab. After each weighing, the 
weigh hopper must be tared, and net weight either registered and printed or 
totalized. 

Many scale manufacturers, such as Toledo, Howe-Richardson, Servo-
Balans (Figs. 19.13 and 19.14) or Fairbanks—Morse, make excellent scales for 
weighing raw sugar in bulk. The discrepancy between the total weight of raw 
sugar weighed on the Fairbanks—Morse scale and total weight of sugar melt 
weighed on Servo-Balans over a period of seven years of operation was only 
0.1% (Reed, 1974). 

Methods of Refining 

The purpose of refining raw sugar is to remove impurities and color from 
it, and produce filtrates for boiling and crystallization of refined sugar of 
nearly 100% purity. There are several stages in the refining procedure, and in 
each a certain amount of impurities and color is removed. The first step is 
affination, which by mechanically removing the adhering film of molasses 
from the crystals of raw sugar raises its purity to >99%. In the second stage 
of the operation, the affined sugar is melted and filtered to remove 
suspended matter. However, prior to filtration the affined sugar melt may be 
treated with phosphoric acid and lime and clarified by flotation, or can be 
treated with lime and subjected to carbonatation. With either of these pre-
treatments a large amount of coloring matter is precipitated, and color 
removed may be >50%. The darker the original melt, the higher will be the 
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Fig. 19 .13 . Servo-Balans raw sugar weigher of 50 t h 1 capacity (courtesy of N.V. Servo-
Balans, The Hague, The Netherlands). 



300 

Fig. 19 .14. Weighing and indicating mechanism with totalizer printout (courtesy of N.V. 
Servo-Balans, The Hague, The Netherlands). 

percentage of color removed, if the process is conducted correctly. For max-
imum elimination of color, the pretreated melt can be decolorized with 
granular absorbents such as bone-black, granular carbon, Synthad C-38, or 
with vegetable decolorizing carbons. All these products are 'adsorbents', 
which, as the word suggests, adsorb on their surfaces the coloring matter and 
some impurities which remain in the pretreated melt. Bone-char has an 
affinity for inorganic salts (ash) and certain organic non-sugars which it will 
adsorb in amounts of 20% and 40%, respectively. All these methods of 
refining are described in detail further on. Also ion-exchangers can be used 
for polishing sugar products and removing additional ash and color. 
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Water in the Refinery 

The refinery must be assured of a large quantity of water available at all 
times, and its quality is of the utmost importance. Like the raw sugar house, 
the refinery uses a large amount of water for condensers, steam boilers, 
washing of tanks and equipment etc., but the water used in the refining pro-
cess itself must be very clean, soft, neutral, and as free of soluble salts as 
possible. Condensates are used to a large extent, but they must be carefully 
classified, because not all condensates should be utilized in the refinery. For 
instance, in a refinery which operates in conjunction with a raw sugar house, 
very often the condensate from all calandrias of the multiple-effect or from 
heaters is used for melting the sugar, sweetening-off filters, diluting run-offs 
and for washing refined sugar in centrifugals. Nevertheless, much of the 
vapor condensed in calandrias of the second, third or fourth bodies of the 
quadruple-effect of a raw sugar house is not suitable for use in the refinery, 
because vegetable vapors carry too high a proportion of impurities which will 
put an extra load on decolorizing agents and will adversely affect the filter-
ability of refinery liquors. Therefore, condensates from lower bodies of 
multiple-effects and from heaters can be used in a raw sugar house for dilu-
tion of run-offs from 'A' or Έ ' massecuites and final molasses, but should be 
eliminated from the refinery. 

Some well waters may be perfectly clean and neutral, but when 
evaporated in a refinery double-effect or vacuum pan will increase in pH or 
will deposit inorganic salts, which will increase the ash content of the refined 
sugar. It must be remembered that all the water used for melting sugar, 
diluting run-offs and washing sugar in centrifugals will pass through evap-
orators and vacuum pans, where a large amount of water is evaporated, and 
any salts which it may contain will be left behind in the evaporated liquor or 
massecuites. It is advisable to analyse available water to be used in the re-
finery to determine if treatment is necessary. If the water answers refinery 
requirements, but has a certain amount of suspended matter, it can be 
merely filtered through mechanical or sand filters. Sometimes, the water 
must be coagulated and settled prior to filtration, or ash can be removed 
with ion-exchangers. In general, it is preferable to treat the water before 
using it in a refinery, because there is no sense in loading sugar liquor with 
impurities and ash which must be removed before the crystallization process. 
Refined sugar with ash content which is above 0.02% is considered to be of 
inferior quality. 
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Chapter 20 

AFFINATION AND MELTING 

As stated in Chapter 19, the raw sugar crystal is covered with a film of 
molasses containing impurities and coloring matter. The average purity of 
this film is about 70%. This film can be removed very easily by affination, 
a process which is purely mechanical, and consists of softening the adhering 
molasses film, rubbing it off with other crystals, and dissolving it in affina-
tion greens. The affination green syrup is then readily separated from the 
crystals by centrifugal force in a batch- or continuous-centrifugal. 
The crystal separated from the film of molasses is then washed with water to 
free it of the remaining molasses as much as possible. The film is thinner on 
high-purity than on low-purity raw sugar, and the effect of affination is more 
noticeable when raw sugar is dark because of the thick molasses film. 
However, if raw sugar consists of small crystals, it may, for an equivalent 
weight, have a greater quantity of molasses distributed on the larger total 
surface area of the crystals, even though the film is thinner and the sugar 
appears light in color. Such raw sugar may be more difficult to affine than 
large and uniform crystals covered with a thicker film of molasses, and by 
intensive washing more sucrose will be dissolved, increasing the purity of the 
wash. 

Coloring Matter Inside Crystals 

A certain amount of coloring matter is imbedded in the crystal and cannot 
be removed by affination, even when excessive washing of the crystal occurs 
in the centrifugal. The coloring matter inside the crystal is formed in 
the raw sugar house during the manufacturing process and boiling of raw sug-
ar. If clarification in the raw sugar house is poor and the syrup from which 
the sugar is boiled is dirty and impure, more colored matter will be found in-
side each crystal. In this case, washing of raw sugar will not improve the 
quality of affined sugar, and the crystal will contain a large amount of ash, 
organic impurities and coloring matter. But raw sugar which has been boiled 
from well-clarified cane juices and crystallized from clear syrups is likely to 
have very clean crystal, free from coloring matter and other impurities. 
This type of good-quality raw sugar may be left unwashed and covered with a 
heavy film of molasses for protection, because in affination the film will 
separate easily from the crystal, leaving it clean and of high purity. Such 
sugar will not require much water for washing, and the subsequent melt will 
be low in color and ash and of high purity. 
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Mingling 

In the affination process, the raw sugar is mingled with green syrup, 
forming magma which is purged on batch- or continuous-centrifugals, and the 
crystals separated from the film of molasses are washed with water. The 
discharged sugar is called 'affined sugar' or 'washed sugar', and is ready for 
melting and further refining. The aim of the affination process is to obtain 
affined sugar of over 99% purity and containing minimum color and ash. 
The affination greens which remain are saturated with the maximum 
amount of non-sugars, coloring matter and ash. In this process, approximate-
ly 60% of color, or better, is removed mechanically, thus leaving less work to 
be done by treatment of melt and the decolorizing process. For optimum 
results in the affination station and maximum color removal, the affination 
magma must be maintained at, or close to, 93°Brix. 

Mingler 

The design of the mingler in which the incoming raw sugar is mixed with 
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greens, forming the affination magma, is of great importance. The length and 
shape of the mingler, movement of arms, horsepower used, and method of 
discharge of the magma have considerable influence on the thorough 
mingling which is necessary for maximum color removal in the affination 
station. 

The mingler should be a long U-shaped trough with a gate at the end 
where the magma overflows into the centrifugal feed mixer (Fig. 20.1). 
This gate or 'baffle' at the discharge end of the mingler should have an 
opening at the bottom for liquidation or washing of the mingler. For 300 
tons or more daily refining capacity, the trough must be at least 18 ft (5.5 m) 
long, 3 ft (0.92 m) wide, and the same depth. Large refineries may have 
more than one mingler. The shaft of the mingler must be driven by a 20 h.p. 
gear motor at the speed of 30—40 r.p.m. The mingler should be insulated 
and preferably covered to lose minimum heat by radiation. The raw sugar is 
charged at one end where a ribbon-flight screw conveyor drives the sugar 
into the mingler, and the mingler arms are attached to the central horizontal 
shaft. The arms resist flow of the magma because of their pitch. All this 
produces maximum rubbing of crystals against each other. The 'U '-shape of 
the trough is important to prevent any settling of sugar at the bottom, which 
often occurs in 'V'-shaped minglers. Because of the arm design, no lumps of 
sugar will float on the surface of the magma in this type of mingler. 

Affination Greens 

Mixing of Raw Sugar with Affination Greens 

To the raw sugar charged into the mingler a green syrup is added to soften 
the adhering film of molasses surrounding the crystals (Fig. 20.2). Approxi-
mately 20—30 lb (9—13 kg) of this syrup is added per each 100 lb (45 kg) of 
raw sugar, which makes about 75% of raw sugar and 25% of green syrup by 
weight. If the raw sugar contains 99% solids, affination syrup has 75°Brix, 
and 93°Brix magma must be obtained, then 

18 X 100 
75% 

or 
6X100 

25% 

Temperature of Affination Greens 

The affination greens are previously heated to 72°C (165°F) to obtain a 
magma of ca. 49—60°C (120—140°F). If the adhering film on the crystal is 
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Fig. 20.2 . Loading end of a mingler. Raw sugar discharged from automatic scale is mixed 
with green syrup, forming magma (courtesy of Sores Refinery, Portugal). 

soft, the magma temperature can be lower, but must be higher when the raw 
sugar is old and the adhering film is hard. The whole amount of affination 
greens can be kept warm by recirculation through a storage tank equipped 
with heating coils or a plate heater, but certain losses by inversion and de-
struction of sugar occur. The mingling can be made at 45°C (113°F), and 
affination magma can be rapidly reheated, before purging, by Green—Smith 
resistance reheaters or coil heaters described previously. 

Green Syrup 

A low-purity sugar solution has an affinity for sugar and impurities and 
can dissolve and retain more sugar and impurities in solution than a pure 
sugar solution; it will also dissolve non-sugars more readily, and when recir-
culated through the affination station will gradually decrease in purity. The 
wash-water can be mixed with run-offs, and the Brix of affination greens will 
remain more or less constant. However, if a small amount of wash-water is 
used, and dissolution of solids in affination greens is large, then there will be 
build-up of affination greens Brix, and, from time to time, the greens must 
be diluted to 75°Brix. It is not advisable to recirculate greens below 80% 
purity. 
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Purging of Affination Greens 

When affination magma is charged into the centrifugal basket and speed of 
the centrifugal increased, the run-off very often backs into the centrifugal 
basket, and this is particularly noticeable at the moment when the sugar is 
washed. The reason for this is that the space between the centrifugal basket 
wall and the screen retaining sugar is insufficient, and run-off cannot drain 
away. This can be remedied by installing a second backing screen in the 
basket and splitting the washing into two stages. The first washing of 1—5 s 
should be made when speed of the centrifugal reaches ca. 400 r.p.m., and the 
second washing at 1000 r.p.m. The purpose of the first washing is to dilute 
the heavy greens and facilitate initial drainage. The second washing is made 
to push out the remaining greens still in the wall of sugar in the centrifugal. 
Combined washing time should be the same as in single-stage washing. How-
ever, double washing with the same amount of water gives considerably 
better results. 

Recirculation of Greens 

Some refineries use water for mingling until a sufficient amount of 75° 
Brix affination greens is accumulated. Then the green syrup is recirculated 
until purity decreases to about 80—85%. After that, it is discarded from 
affination and sent either to remelt or to the raw sugar house for recrystal-
lization. 

Separation of Run-Offs 

Wash-water can be separated in centrifugals from run-off, and spent affina-
tion greens of low purity can be sent to be reboiled in the remelt house, 
while wash-water, when accumulated in sufficient amounts, can be used for 
mingling with raw sugar. 

Use of Last Refinery Run-Off for Mingling 

A small refinery which produces all white sugar in four straight strikes can 
use the fourth run-off for mingling with raw sugar, instead of sending it back 
to the raw sugar house or remelt directly. The fourth or final refinery run-off 
is saturated with sugar and will not dissolve much sugar, but will readily 
dissolve low-purity molasses film. It can be recirculated through the affina-
tion station until a fresh fourth strike is boiled in the refinery and there is a 
new fourth run-off available. 

Disposal of Discarded Greens 

Spent affination syrup must be weighed and tested before it is returned to 
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the pan floor of a raw sugar house for reboiling. The available raw sugar in 
greens must be calculated and credited to the refinery. These affination 
greens may have 85—90% purity. Though this green syrup has a relatively 
high purity, its crystallizing power is low, because it carries a large amount 
of impurities and because many strikes have already been crystallized from 
this syrup. 

One method of disposing of this syrup is to have a separate storage tank 
on the raw sugar pan floor and use affination syrup only for topping up Ά ' 
raw sugar massecuites.* In a refinery which is not attached to a raw sugar 
house, the affination greens can be treated in blow-ups with phosphoric acid 
and lime and, after defecation, filtered through mechanical filters and bone 
char. This method will produce excellent soft sugars. The affination greens 
also can be diluted to about 50°Brix, treated with filter-aid and filtered on 
mechanical filters. Though the rate of filtration may be low, and such an 
operation will require additional filtering area, the filtrate obtained is 
brilliant and will yield excellent remelt sugar with a high crystal yield. For 
this reason, fewer reboilings will be needed and the final molasses recovered 
will be in reduced quantity with low total sugars. For a refinery which 
operates on purchased raw sugar and has only a remelt house, it is definitely 
advantageous to treat affination greens or just filter prior to crystallization. 
The Talodura process can be used instead of filtration. Affination greens also 
can be used to make invert edible syrups. 

Automechanization of the Affination Station 

The entire affination station can be very easily automechanized, as only 
one measurement is needed, i.e. the Brix of the magma. This can be mea-
sured by torque, or by the Dynatrol method (Automation Products, Inc., 
Houston, Texas) (Meads and Maylott, 1964), and input of raw sugar and 
addition of affination syrup can be automatically controlled. Fully automatic 
batch centrifugals or continuous centrifugals can be used, making the affina-
tion station fully automatic (Figs. 20.3—20.6). 

In another automatic system of affination, a thermal converter measures 
the electrical load on the raw sugar elevator motor and transmits to an 
Electronik 15 pneumatic controller a signal directly proportional to the 
weight of sugar on the elevator. A proportioning pneumatic control unit in 
the instrument operates a control valve in the affination syrup line. As the 
weight of the sugar varies, the amount of affination syrup fed to the mingler 
will be adjusted automatically (Anon., 1961). A simpler method is to dose 
each weighing of raw sugar discharged into the mingler with a predetermined 
amount of greens. If raw sugar is delivered into the mingler by bucket 
elevator, a continuous stream of green syrup can be run, and the flow can be 
adjusted from time to time by hand, if necessary. 
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Fig. 20 .3 . Fully automatic affination station with Buckau—R. Wolf centrifugals 
(courtesy of Sores Refinery, Portugal). 

Fig. 20.4 . Six Asea-Landsverk centrifugals for affination at the Pyrmont Refinery, 
Sydney, Australia (courtesy of ASEA—Weibul, Sweden). 
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Fig. 20.5 . Schematic drawing of K-1000 continuous centrifugal which can be used in the 
affination station (courtesy of BMA, Braunschweig, G.F.R.). 
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Fig. 20.6. Cubicle with built-in static converter and control equipment for fully automatic 
centrifugals (courtesy of ASEA—Weibul, Sweden). 

Washing Raw Sugar in a Centrifugal 

Many raw sugar factories which refine their own raw sugar have abandoned 
affination, and wash the raw sugar in centrifugals to a purity above 99%. 
If the raw sugar is not of extremely good quality, the washing requires a 
large amount of superheated water to remove the molasses, dissolving at the 
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same time a great portion of the crystal. The washings are of high purity and 
are returned to the raw sugar house for reboiling. If the two-strike boiling 
system is used, and therefore only 'A' sugars are sent to the refinery, these 
high-purity washings from centrifugals complicate the boiling system of raw 
sugar, and more Ά ' molasses must be recirculated into the 'A' strike. If the 
three-strike boiling system is used, then 'A' and Έ ' sugars are produced. 
'A' sugar will require less washing than Έ ' sugar, and the washings of 'A' and 
Έ ' sugars can be recirculated and boiled back in the 'Α' strike. However, to 
bring the purity of Έ ' sugar to 99% by washing alone requires too much 
water, and recirculation in the raw sugar house and recirculated washings are 
excessive. During the months when cane juice purities are low, the quality 
of washed raw sugar declines and this is an extra burden upon refinery opera-
tion. 

A sugar refinery washing raw sugar instead of using regular affination 
should discontinue this procedure and install an efficient affination station. 
A considerable reduction in wash-water volume will result. The wash water 
dissolves a large amount of raw sugar, which has been crystallized at great 
expense. This dissolved sugar is recirculated in the raw sugar house and is 
subject to losses in processing. The evaporation of the extra water requires 
ca. 200 lb (90 kg) of additional steam, per ton of sugar cane ground per day, 
and therefore additional boiler capacity is required. Also, reprocessing a large 
amount of wash-water decreases the capacity of the raw sugar house. Finally, 
washed raw sugar cannot be compared in refining quality to well-affined 
sugar. Therefore each refinery, whether refining its own or purchased raw 
sugar, should have an affination station (Eala, 1974). 

The double-Einwurf boiling system described in Chapter 11 is the most 
practical for a refinery which does not have an affination station and desires 
minimum washings to be recirculated in the raw sugar house. Of course, 
without an affination station it is very difficult to have accurate control in a 
refinery, since centrifugals used for purging and washing 'A' sugar are part of 
the raw sugar house and also of the refinery. The raw sugar can be weighed 
only after it has been washed to 99% purity, and the losses in affination will 
become part of the raw sugar house operation and will be charged to it. 

The advantage of the direct washing method of preparing raw sugar for 
refining is that continuous centrifugals can be used instead of batch 
machines. If some crystals are fractured, this does not matter, since they will 
be melted immediately. Also, to decrease the amount of washings, the sugar 
can be steamed with dry steam instead of washing. In continuous centri-
fugals, there is no problem of plowing, and hardness of the sugar wall 
which is undesirable in batch centrifugals is of no importance in continuous 
machines. 
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Color Removal in Affination 

For a refinery which purchases raw sugar, or the refinery which refines its 
own raw sugar of poor quality, the affination process is indispensable to pre-
pare the sugar for refining. If the affination station is fully automatic, it is 
the most economical station in the refinery and in it from 60% to 70% of 
color can be removed from the original raw sugar by purely mechanical 
means. Percent color removed is calculated by the formula 

AJZA X 100 = % Color removed 
A 

where A is color of raw sugar, and Β is color of affined sugar. 
Returns from the affination station or washings from washing raw sugar 

directly in centrifugals should not exceed 15% on the weight of raw sugar; 
10% is ideal, although normally 12—13% is satisfactory. 

Melting 

Affined sugar or washed raw sugar must be melted before it is pretreated 
by filtration, phosphoric acid—lime treatment or carbonatation. The sugar 
generally is melted in sweet-water, condensate or any other water available 
for melting. As was mentioned previously, the water must be clean, neutral, 
free from soluble inorganic salts (which may increase the ash content of 
refined sugar) and must not be contaminated with bacteria. The most ad-
vantageous and economical density to which sugar should be melted is 66° 
Brix because it may eliminate some further evaporation. It takes a long time 
and an efficient melter tank to dissolve sugar at low temperature and there-
fore melting is generally accomplished in hot water. The standard type of 
melter used in many refineries is a shallow and wide round tank with a 
perforated plate about one-third of the height of the melter below the upper 
rim, and a vertical shaft to which are attached long sweeping paddles. The 
shaft is driven at ca. 20—30 r.p.m. by a belt or gear drive. The sugar to be 
melted is dumped on the perforated plate and the melter is partially filled 
with hot water. The sugar falls through the perforations of the plate into the 
water, which is constantly agitated by the sweeping arms. Heavy suspended 
matter has a tendency to settle during the melting process, but fast agitation 
in the melter will keep it in suspension. Large lumps remaining on the 
perforated plate are dissolved when the melt reaches and covers the plate. 
This type of melter is for batch operation, generally where there are two or 
three together. Their size and number depend on the input of the refinery. 
Steam coils in the melter regulate the temperature of the melt and maintain 
it between 82—88°C (180—190°F). More modern refineries use continuous 
melters, which are horizontal cylindrical tanks with revolving arms and 
heating elements inside. The affined sugar discharged from the affination 
centrifugal is partially dissolved on the screw conveyor which moves the 
affined sugar toward the melter. 
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Many refineries treat the melt with phosphoric acid and lime, or carbonate 
it, instead of prefiltering alone. In the phosphoric acid—lime treatment, it is 
preferable to melt at a lower temperature so that the injected air is better 
retained in the sugar liquor. The lack of heat for rapid melting can be 
compensated for by fast agitation. If the melter is properly designed, sugar 
can be melted to 60°Brix solution in 30—40 min at room temperature. 
The melter should be a vertical cylindrical tank with diameter equal to half 
of its height (Fig. 20.7). In the center of the tank is a shaft with two propel-
lers. The shaft is driven by an electrical motor, and at the lower end it is 
steadied by a spidër-type bearing to prevent oscillation. If the temperature of 
the melt is raised to about 49°C (120°F), the sugar will, of course, melt faster 
and Brix can be increased. If the diameter of the melter is too large and the 
propellers cannot produce a vortex, or if the stirrer is too small and the 
motor has not sufficient power, this defect can be remedied by installing 
inside of the tank a tube ca. 3 ft (1 m) in diameter, open at both ends. 

Fig. 20.7. Drawing of melter of the type used for melting affined sugar at low tempera-
tures. 
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The top end must be submerged 1 ft (250 mm) below the top level of the 
melt, and the lower end should be at least 3 ft (1 m) above the bottom of 
the tank for free circulation of liquor. The pitch of propellers of the stirrer 
must drive the melt downward. Such an installation produces very powerful 
agitation with comparatively small propeller blades and a small driving 
motor. These melters are also batch type, and at least two must be used to-
gether. The capacity of the melters can be increased by installation of 4 in 
(100 mm) piping and a large pump for faster pumping out. If the outlet pipe 
is small, e.g. 2 in (50 mm), it will decrease capacity of the melter by in-
creasing pumping time. Any existing melter can be transformed into a con-
tinuous automatic melter by installation of a recirculating pump and level 
and density controls. 

Relative Production of Refined Sugar from Raw Sugar 

For each 100 tons of refined sugar produced, ca. 129 tons of raw sugar 
are handled, including remelts, and 111 tons of affined sugar. There are 
1450 gal (5488 1) of melt at 60°Brix per hour. In a refinery producing 
500 tons of refined sugar daily, ca. 645 tons of raw and remelt sugars will be 
handled, yielding 555 tons of affined sugar and about 7200 gal (27 252 1) 
of 60° Brix melt per hour. If the complete cycle of melting and pumping 
out is 30 min, then two melters with 3600 gal (13 626 1) capacity each will 
be needed, or three with 2000 gal (7570 1) capacity each. 

Screening of Melt 

When sugar is melted to the desired Brix, it should be screened before 
further treatment to eliminate lint, cane fiber, and other large-particle impur-
ities from the liquor before it is directed to the clarification or carbonatation 
station. A stationary or rectangular vibrating screen, or a round oscillating 
separator can be successfully used. The mesh of the screen can be chosen 
depending on type and size of suspended matter. Pre-screening of melt 
through 60 X 60 mesh increases capacity of the continuous flotation 
clarifier by decreasing retention time in the clarifier. 
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Chapter 21 

CLARIFICATION AND TREATMENT OF REFINERY MELT 

Prior to filtration and treatment of refinery sugar melt with decolorizing 
agents, the melt can be purified and clarified by phosphatation or carbonata-
tion, with good removal of color at comparatively low cost and with simple 
equipment. 

In phosphatation, the refinery melt is treated with small amounts of P2Os 
and sufficient milk of lime to obtain clarified liquor of about pH 7.2—7.4. 
A color removal between 35 and 50% can be anticipated. The carbonatation 
process can eliminate about the same percentage of color, which can be over 
50%, and there is a certain amount of ash removal. Some refineries still use 
ordinary prefiltration with filter-aid before decolorizing the melt with bone-
char, but more and more refineries are adopting either the phosphoric acid-
lime treatment or carbonatation of refinery liquors before decolorizing with 
granular adsorbents or activated vegetable carbons. 

Clarification by Phosphoric Acid—Lime Treatment and Prefiltration 

Refinery affined sugar melt of 58—66°Brix can be treated with P2Os, 
in the form of either mono-calcium phosphate or phosphoric acid (H3P04) 
85%. The available P2Os in monocalcium phosphate is ca. 48%, and in phos-
phoric acid 55%. A small amount of phosphoric acid and lime can be added 
to the liquors before the prefiltration process. From 0.006% to 0.015% of 
P 20 5 should be added and then the melt limed to pH 7.2—7.4, allowing only 
time enough for the acid to be mixed into the melt before adding the lime. 
The temperature of treatment should be 70°C (160°F). In some cases, the 
temperature can be raised to 85°C (185°F), and the pH can be raised to pH 
7.6, but when pH of liquor is higher, the percentage of color removal will be 
lower. After the addition of lime the sugar liquor should be heated to 90°C 
(195°F) and time allowed for floe formation, the length of this period of 
floe formation depending on the impurities in the sugar and amounts of 
P 20 5 and lime used (20—30 min is sufficient). By using a multi-pass heater 
and exhaust steam to raise the temperature of the phosphate-treated melt to 
87.7°C (190°F) good floe is produced in ca. 15 min. 

The reheated treated liquor is maintained in the blow-up tank, 
where filter-aid is added. A full-sweep paddle agitator rotating at 15 r.p.m. will 
keep the filter-aid in suspension. After the floe is formed it should be main-
tained with the least amount of breakdown possible until it is held in the 
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filter cake. To prevent breakdown of floe during filtration, a positive-dis-
placement plunger-type pump or a low-pressure, high-volume centrifugal 
pump should be used. The filter-aid to be used in this process must be of the 
open type, such as Celite-503 or Dicalite-40. An amount of 0.01% P2Os on 
solids in melt will remove ca. 35% of the original color. The rate of filtration 
varies, depending on the amount and type of filter-aid used, the amount of 
P 20 5 added and pH of liquor, as well as length of the filter cycle. This 
process is seldom used now. 

Decolorization by Phosphate—Lime Treatment in Continuous-flotation 
Clarifiers 

This process is simpler than the one described above, and achieves the same 
or better decolorization, while avoiding difficult pre-filtration with phos-
phate precipitate, and therefore requires less filtering area. In this process, 
melt is treated with either phosphoric acid or monocalcium phosphate in 
aqueous suspension, and the sugar liquor is neutralized with milk of lime of 
low density (2—5°Baume) or lime saccharate. The latter is prepared by 
mixing clarified or filtered liquor with hydrated lime (Ca(OH)2) in the 
amount of ca. 3—3.5% on the weight of solids in sugar liquor. The amount 
of P 20 5 required in this process, calculated on Brix solids, may vary between 
0.015% and 0.05%, depending on the original color of melt. In some cases, 
when the quality of melted sugar is poor and purity is low, the amount of 
P 20 5 may be raised to about 0.04—0.05%. The best indicator of whether the 
amount of P2Os is sufficient is decolorization of melt. If color removal is 
below 30% for light colored melt and 45% for darker melts, the amount of 
phosphoric acid used is insufficient and must be increased, providing the 
whole process of clarification is conducted correctly in other respects. The 
amount of lime or lime-saccharate to be added depends on the pH of 
clarified liquor, which should be about 7.2—7.3. In the case that very acid-
activated vegetable carbon is used for final decolorization, the pH of clarified 
liquor may be raised to 7.6. If a clarified liquor has pH below 7.0 because 
insufficient milk of lime or lime saccharate was used to neutralize it, a phos-
phate precipitate may be formed in calandria tubes of evaporators or vacuum 
pans, and the heating surface must be periodically cleaned. 

Continuous Clarifiers 

The treatment of melt with phosphoric acid and milk of lime or lime 
saccharate can be made by batch, continuous or continuous fully-automatic 
operation. In batch treatment there must be at least two tanks in which 
sugar melt is treated with phosphoric acid and then with milk of lime. The 
treatment tanks are equipped with mixing agitators. During this treatment, 
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an insoluble precipitate forms which is described by some authors as tri-
calcium phosphate, and by others as a more complex compound which is 
believed to be octacalcium phosphate pentahydrate and hydroxyapatite (see 
Chapter 8). 

Preparation of Lime-Saccharate 

Lime-saccharate may be prepared in two tanks with a volume of 800— 
1000 gal each (3082—3785 1). CaOH is added to clarified melt to obtain 
about 15°Brix solution containing from 15—22 g of CaOH per gal (4—6 
g Γ

1
) . Into one tank is pumped 450 gal (1700 1) of water, 100 gal (378.5 1) 

milk of lime at 10°Baumé and 175 gal (660 1) of clarified liquor at 60—65° 
Brix. This mixture is stirred for 15 min and settled for 2 h. While one tank of 
lime-saccharate is being used, the other is being prepared. 

Method of Treatment 

The C and H Sugar Refining Co. at one time used a very simple arrange-
ment for continuous treatment with phosphoric acid and lime (Black and 
Zemarek, 1952). In this procedure, defecation is accomplished in three small 
round tanks (two 100 gal tanks and one 200 gal tank) connected in series 
and located between clarifiers and the melted sugar storage tank. The melt is 
pumped into the first tank at a rate determined by the setting of the clarifier 
feed orifice plates. Diluted phosphoric acid is fed under gravity into the 
liquor pipe, which extends almost to the bottom of the first treatment tank. 
Hand control of the flow of both the melt and the diluted acid is quite satis-
factory. The acidified sugar liquor overflows into the second treatment tank, 
where it is neutralized with 2°Brix milk of lime. The second tank is provided 
with a baffle which directs inflowing liquor toward the bottom of the tank, 
to prevent short-circuiting of the liquor across the top of the tank. The milk 
of lime is thoroughly mixed with the sugar liquor by means of a small motor-
driven agitator. The treated melt, neutralized to pH 7.25—7.40, overflows 
into the 200 gal tank which acts as a surge tank, in which pH can be 
automatically tested, and the pH meter automatically regulates the flow of 
milk of lime into the second tank. The melt is treated at about 70°C (158°F). 
Sugar melt can also be treated fully automatically, for instance by using a 
Fisher and Porter flow-ratio control system and proportionate pumps for 
phosphoric acid and milk of lime or lime saccharate injection in the pipe 
line. In this system of treatment a surge or holding tank should be installed 
in which floe can be conditioned before aeration. The addition of Hodag 
Flocs-411 to input liquor improves flocculation, and clarification can be 
achieved in a shorter time. The Talofloc Process described in Chapter 22 is 
a process for clarification and decolorization of refinery melt. 
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Aeration 

Regardless of the method of treatment of sugar melt with phosphoric acid 
and lime, a large amount of air must be incorporated and dissolved in the 
treated melt before it enters the continuous-flotation clarifier. The air 
occludes to the floe when it begins to form, and upon heating, the air 
expands and rises toward the surface. The floe is carried upward by the 
buoyant air bubbles, and forms a layer of scum on top of the sugar liquor. 
The treated melt can be saturated with air in a pressure tank using com-
pressed air of 140 psi (9.5 atm). Aeration of the melt will, to a large degree, 
dictate the temperature of the effluent clarified liquor. If the melt contains a 
large amount of air, the clarifier can be operated as low as 82°C (180°F), 
but the temperature must be raised even up to 95°C (203°F) when the melt 
contains too little dissolved air. The usual amount of air required for good 
clarification in the SuCrest clarifier is 0.75—1.50 ft

3
 min"

1
 per 100 gal min"

1 

flow of sugar liquor (0.055—0.11 m
3
 per 1000 1). In general, maximum pos-

sible aeration is needed to prevent excessively long retention time. 

Retention Time 
Retention time in a continuous-flotation clarifier should be no longer 

than 45 min. Further retention in the clarifier at high temperature will only 
increase the color of the treated sugar liquor, and inversion and destruction of 
sugar may occur. If good clarification is not obtained in 30—45 min, this 
suggests that there is insufficient air or phosphoric acid. Variations in 
temperature may also affect clarification unfavorably. 

Purity and Density of Liquor 

It is of the utmost importance for good continuous clarification that 
purity of affined sugar melt is >99%, the melt is screened free of suspended 
matter and bagacillo, that the melt is properly treated and well aerated, and 
that pH and temperature do not fluctuate. 

The Brix of a melt to be treated must be not less than 58°, preferably 
higher, because higher density sugar liquors will retain more air after aera-
tion. 

SuCrest Method 

In the SuCrest clarifier system (Ancona and DiDonato, 1963), treated 
liquor enters a Moyno pump where aeration takes place. On the positive side 
of the Moyno pump is a 140 psi (9.84 kg cm"

2
) pressure-regulating valve 

which recirculates aerated liquor into the holding tank in the event of a pres-
sure build-up. From the Moyno pump, the aerated liquor flows through an 
automatic-inlet diaphragm valve into the bottom of the SuCrest clarifier. 
This type of continuous clarifier is 16 ft long, 10 ft wide and 6 ft deep 
(4.8 X 3.0 X 1.8 m), and is fitted with a heating surface for a steam pressure 
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of 10—15 psig (0.7—1.05 kg cm"
2
). It operates at a temperature in the range 

of 80—82°C (175—180°F). The scum remover is actuated automatically by 
means of an on/off timer, and it scrapes from the scum blanket from 8 to 10 
in (20—25 cm) of scum at a time. One complete sweep of the clarifier sur-
face is made in one hour. The temperature differential between inflowing 
and outflowing liquor should be about 14°C (25°F). The capacity of the clar-
ifier per 24 hours of operation can be estimated at approximately 35 tons 
of solids in melt per foot of clarifier width. Sugar melt can also be aerated 
with rapidly rotating disks or a suction pump. However, the latter system 
does not supply sufficient air for proper clarification, though performance 
can be improved by shaving the impeller. This can be determined through 
experimentation. 

Other Continuous Clarifiers 

Some continuous-flotation clarifiers are rectangular tanks based oh the 
original principle of the Williamson clarifier, but there are different types 
with certain variations in design. In the Bulkley—Dunton (Colloidaire 
Separator) the aerated sugar liquor enters a shallow chamber with overflow 
to the clarifier, which is a rectangular, unif ormrdepth tank. The sugar liquor 
is heated to 82°C (180°F) before it enters the clarifier. Another type of con-
tinuous clarifier is Sven—Pedersen, which is essentially the same as the 
Bulkley—Dunton clarifier, but is larger in capacity. 

Jacobs Clarifier 
In the widely-used Jacobs clarifier, the sugar liquor is heated with a steam 

jacket. The clarifier consists of several narrow and shallow troughs, which 
eliminate the undesirable eddy currents sometimes produced in a wide clar-
ifier (Fig. 21.1). The capacity of the Jacobs clarifier can be estimated as 
approximately 10 tons of sugar in melt per trough of the clarifier. Therefore, 
a six-trough Jacobs clarifier can handle about 60 tons of solids in melt. 

Where there are several Jacobs continuous clarifiers in operation, it is very 
important that all clarifiers be fed equally with treated and aerated liquor 
(Fig. 21.2). The use of flow meters and valves is not satisfactory, because of 
the large amount of suspended matter and the presence of air bubbles. The 
most practical way is to pump the aerated and treated liquor into a constant 
pressure tank, then to run it under gravity into a distribution notch-weir box 
where the liquor will be retained for ca. 1—3 min, and from there the liquor 
flows under gravity into the continuous clarifiers. 

The clarifier should be equipped with an automatically-regulated steam 
valve and condensate drain. The trap for condensate should be placed on 
the floor below in order to prevent sucking of condensate into the clarifier's 
steam chest. When steam condenses, a vacuum is produced inside the chest, 
which prevents proper drainage of condensate. If traps are placed low 
enough, the gravity of water breaks the vacuum, and steam can enter the 
steam chest of the clarifier without any difficulty. 
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Fig. 21 .1 . Eight-trough Jacobs clarifier (courtesy of Nadler, Inc., Plaquemine, LA, 
U.S.A.). 
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Fig. 21 .2 . Treated liquor supply to Jacobs clarifier: (a) flow diagram; (b) plan view and 
section of distribution tank. 
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Thermometers should be installed at the entrance for aerated liquor and 
at the outlet to measure the temperature differential of clarified liquor. The 
difference between inlet and outlet liquor should be 11—14°C (20—25°F). 
For accurate work, thermometers should be of the recording type. 

The clarifier should be equipped with one or several scraping paddles. One 
section of scum should be scraped about every hour. 

Talo-clarifier 
This recent type of clarifier is described in a separate chapter (Chapter 

22). 

Scum 

During the retention time in the continuous clarifier, scum is formed and 
is carried upward by expanding air. The upper part of the clarifier is open 
and the blanket of scum on top of the sugar liquor acts as a heat insulator 
and also prevents escape of the air into the atmosphere. The floe carried 
upward by expanding heated air is compressed against the scum mat, leaving 
the clarified sugar liquor underneath. The scum is raked gently either contin-
uously or intermittently by paddles attached to two strands of chains which 
are driven by a fractional horsepower motor. The raking can be done either 
in the direction of liquor flow or counter-current. 

The Volume of Scum 

The volume of scum depends on the amount of air in the sugar melt. The 
more air there is, the more compressed the scum blanket will be. This 
volume of scum represents 5—10% of the volume of liquor treated. The 
actual quantity of floe is rather small but the void between the floes filled 
with sugar liquor is included in the total volume. Hence, the more com-
pressed the scum is, the less sugar liquor there will be surrounding each floe 
of precipitate in the scum blanket. 

Desweetening of Scums 

The recovery of sugar from scum is very important. It can be done by 
accumulating scum in a separate storage tank, diluting it to about 20°Brix 
and filtering it with the addition of filter-aid through a precoated mechanical 
filter. The Dorr—Oliver precoat rotary vacuum filter has been tried for sugar 
recovery on scum from a Williamson clarifier, but the process was not very 
successful because of the difficulty in scraping filtered scum from the pre-
coat of the drum filter. However, vacuum filter was applied for filtration of 
carbonated liquor. The drum was covered with cloth in this case. 
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The scums can be diluted and reheated, and settled in another continuous 
clarifier, thus reducing their sugar content to a minimum. The scum from the 
flotation clarifier can be mixed with sluicings of not completely sweetened-
off filters and filtered on a mechanical filter specially assigned to that 
purpose, where sluiced cake and diluted scum can be thoroughly sweetened-
off. The low-Brix filtrate can be used for melting affined or washed sugar 

Fig. 21 .3 . Westfalia model SAMR-15037 automatic de-sludger for sweet-water recovery 
from flotation clarifier scums (courtesy of Centrico Inc., Englewood Cliffs, NJ, U.S.A.). 
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and for diluting refinery run-offs. It may be also used for preparation of 
lime-saccharate. 

Bowl Centrifugals for Desweetening Scums 
Bowl-type centrifugals, such as the SN Titan Superjector or the West-

phalia (Fig. 21.3) are effective for separation of sugar from insoluble precip-
itate in the scum. The 60°Brix scums from the primary flotation clarifiers 
are diluted to 20° Brix and fed into the bowl of the de-sludging centrifugal. 
The sludge from the first centrifugal is rediluted to about l°Brix and passed 
through the second stage de-sludging centrifugal. All abrasive particles must 
be removed by a 'Cyclone'-type sand trap or DorrClones to prevent erosion 
in the centrifugal. Before centrifuging, the scums must be deaerated to 
eliminate the adverse effect of occluded air. This can be achieved in a 
shallow tank by blowing exhaust steam through perforated pipes. 

The average loss of sugar in centrifuged scums is 0.01% of the weight of 
processed sugar (Pollet and Tuson, 1964). 

Prefiltration 

The effluent clarified liquor from flotation clarifiers, if not filter-pressed 
before filtration over char, should be at least screened through a fine mesh 
to remove any insoluble suspended matter. This will avoid raking of bone-
char filters. 

When using granular carbon or char in batch columns prefiltration is ab-
solutely imperative. The filter cycle is very long, and even minute amounts 
of suspended matter will be retained on the surface of granular carbon or 
char, and will gradually form a crust which will decrease the flow rate and 
may eventually stop the filter altogether. On the other hand, prefiltration of 
phosphoric acid—lime-treated sugar liquor is not necessary when a slugging 
granular carbon column is used. The suspended matter retained is removed 
continuously with the slugs of granular carbon which are moved to the 
regeneration kiln. Of course, some calcined precipitate will remain with the 
regenerated carbon. 
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Chapter 22 

THE TALOFLOC/TALOFLOTE PROCESS FOR SIMULTANEOUS 
DECOLORIZATION AND CLARIFICATION OF REFINERY LIQUORS 

MICHAEL C. BENNETT 

Introduction 

In 1965, it was discovered at the Tate and Lyle Research Centre that color 
and other high molecular weight anionic impurities could be precipitated 
from sugar liquors by the addition of certain types of cationic surfactant 
(U.S. patent No. 3698951). It was subsequently found that the precipitated 
impurities could be removed by flotation, using a modified phosphatation 
procedure, and the combined clarification and decolorization process was 
called the "Talofloc — Taloflote Process". The first results of the process in 
commercial operation were published in 1971 (Bennett, 1971) and by 1979, 
15% of the total world supply of refined cane sugar was being produced 
using the process. 

Three separate series of investigations led to the basic concept of color 
precipitation. 

(1) Investigations into the Nature of Colorant 

The colorant molecules in sugar liquor cover a very wide range of molecu-
lar weights, i.e. from 500—50 000. Towards the upper end of this range, 
the molecules are composed of repolymerized carbohydrate fragments, and 
for this reason the colorant is strongly hydrated and extremely water-soluble. 
In addition, almost all the colorant is anionic in character and carboxylic 
acid groups may be located down the entire length of the colorant molecule. 
The blanket of hydration water around each colorant molecule makes it very 
difficult to remove by adsorption, compared with, for example, dye-stuff 
molecules. 

(2) Investigations into Existing Adsorbent Processes 

Traditionally, sugar refineries have used bone charcoal or granular acti-
vated carbon decolorization adsorbents which are thermally-regenerated. 
Bone char has a specific affinity for anionic color because it is composed 
largely of hydroxyapatite which acquires a positive charge by adsorption of 
calcium ions. The chemical activity of both granular and powdered activated 
carbon adsorbents is known to be related to the oxygen content of the ab-
sorbent and it seems likely that electrical charges also play an important role 
in the activity of these types of adsorbents. 
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(3) Investigations into the Clarification Treatments 

Clarification treatments generally involve the formation of an inorganic 
precipitate, e.g. calcium phosphate or calcium carbonate, in the washed raw-
sugar liquor, and the inorganic precipitate is then separated, e.g. by flotation 
or filtration. The carbonatation process, for example, tends to remove any 
impurity which can form a sparingly soluble calcium salt, like sulphate and 
phosphate. Anionic colorant is also removed in this way and is subsequently 
found distributed throughout the body of each precipitated calcium car-
bonate crystallite. 

The Talofloc/Taloflote System 

The three series of investigations described above led to the concept that 
color could be precipitated if the protective layer of hydration water could 
be removed, for example, by attachment of a hydrocarbon chain. From the 
evidence concerning the importance of the electrical characteristics of both 
the colorant and the conventional adsorbents, it appeared that if a hydro-
carbon derivative carrying a strong positive charge, that is, a cationic 
surfactant, were used, the electrical interaction would be strong enough to 
attach the hydrocarbon to the colorant molecule. This proved to be correct, 
and it was shown that for satisfactory activity as a color precipitant, the 
cationic surfactant must have the following molecular properties: 

(1) A cationic center which is sufficiently strongly charged to form a 
permanent attachment with the weak anionic charges; 

(2) a fatty hydrocarbon chain which is sufficiently hydrophobic to confer 
water insolubility on the colorant; 

(3) a balance between the cationic centre and the fatty hydrocarbon com-
ponent which allows the surfactant to be readily dispersible in sugar liquors. 

The relationship between molecular structure of cationic surfactants and 
their activity as color précipitants has been studied extensively (Bennett et 
al., 1972), and by far the most active cationic surfactants found so far are 
the dialkyl quaternary ammonium compounds containing two C16 or two 
C i s hydrocarbon chains. The quaternary compound dioctadecyl dimethyl 
ammonium chloride is manufactured to food-grade specification and is avail-
able under the name "Talofloc". 

The mode of interaction of Talofloc with colorant is shown diagram-
matically in Fig. 22.1 and the decolorization effect on six different sugar 
liquors is shown in Fig. 22.2. In Fig. 22.2 it can be seen that the Talofloc is 
most effective over the range 100—700 ppm on sugar solids. 

When Talofloc is added to the washed raw liquor, the precipitation of 
color is instantaneous. However, because the particle size is so small, the 
effect can only be detected by light scattering and is certainly not seen by 
the naked eye. Spontaneous flocculation takes place slowly over a period of 
many hours and, for commercial application, it is necessary to accelerate the 
flocculation by additional treatment (Fig. 22.3). 

The precipitated colorant can be scavenged by the conventional carbonata-
tion process, but phosphatation is more effective and shows a second advan-
tage. Because of the presence of the cationic surface-active material in the 
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Fig. 22 .1 . Mode of interaction of Talofloc with colorant. 
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Fig. 22 .2 . Decolorization effect of Talofloc on six different sugars, indicating its effective-
ness at low dosage rates of less than 700 ppm. 
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Melter Filter station 

Fig. 22 .3 . F low diagram of Talofloc process (courtesy of Tate and Lyle Enterprises Ltd., 
Bromley, Gt. Britain). 

floe, air bubbles tend to adhere physico-chemically to the floe surface. Aera-
tion of phosphatation liquors in the presence of Talofloc is, therefore, found 
to be spontaneous and all that is required is a dispersion of air bubbles, 
amounting to about 5% by volume of liquor, of the same size distribution as 
that of the flocculated material. This can be achieved by the correct type of 
centrifugal aerator pump. Repeated passage of the flocculated liquor through 
the aeration pump leads, however, to serious destruction of the floe system. 
It is therefore necessary to rebuild the floes by a secondary flocculation 
process, and for this purpose a high molecular weight poly aery lamide, of 
special charge-density, was developed, called "Taloflote". 
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The clarification system therefore makes use of two stages of flocculation 
termed 'primary' and 'secondary' flocculation (Bennett, 1975). Primary 
flocculation is effected by phosphatation as in the conventional Williamson 
treatment, and is followed by aeration and then secondary flocculation using 
5—15 ppm on sugar solids of the special polyacrylamide Taloflote. The 
Taloflote gathers together both primary floes and air bubbles into secondary 
floes which have an extremely rapid flotation rate. 

Four stages in the Talofloc — Taloflote process are identified as follows: 
(1) colorant precipitation by direct addition of Talofloc to washed raw-

sugar liquor over the concentration range 100—700 ppm on sugar solids; 
(2) phosphatation scavenging of the colorant precipitate by addition of 

phosphoric acid and lime to the required pH (generally between 7.0 and 7.5) 
over the range 300—600 ppm of H3P04 on sugar solids, called primary 
flocculation; 

(3) aeration of the reaction mixture by a centrifugal aerator; 
(4) reflocculation of the system using the special flotation agent 

Taloflote over the concentration range 5—15 ppm on solids, called secondary 
flocculation. 

Important features of this Talo-clarification system follow from the dis-
covery that the secondary flocculation process is not instantaneous. Due to 
the slow diffusion rate of the polymer in viscous high-Brix sugar liquors, the 
liquor must be gently agitated for a period of 1—2 min, in such a way as to 
prevent any separation of secondary floes during this period. This slow stage 
is referred to as retention-flocculation (U.S. Patent No. 3853616) and allows 
the secondary floes to grow uniformly to a large size, sometimes as great as 
1 cm in diameter. The flotation of such a flocculated system is complete in a 
few minutes and the residual turbidity of the clarified liquor is very low. The 
flotation scum is compact and contains about 2% of the input sugar solids, 
about half the amount found in the scums produced by conventional phos-
phatation treatments. 

A new circular clarifier (U.S. Patent No. 3834541), called the "Talo 
Retention—Flocculation Clarifier", has been designed to take advantage of 
improved flotation characteristics, as shown in Fig. 22.4. The clarifier con-
sists of a central retention-flocculation chamber fitted with static baffles to 
provide the necessary gentle agitation. The flocculated liquor passed up the 
central chamber, overflows down a sleeve into the outer flotation chamber 
of the clarifier. Scum is removed continuously by the rotating scum rake, 
and clarified liquor is continuously withdrawn from the bottom of the flota-
tion chamber through the collection ring, standpipe and weir-box. The Talo-
clarifier is not heated, but requires a feed liquor temperature of 82°C 
(180°F). With a retention time of 20 min, one clarifier of 3.5 m diameter 
handles the flotation clarification of 40 tons of sugar solids per hour, at Brix 
values up to 70°. 

Scum from the Talo clarifier is desweetened by means of the completely 
new Talo counter-current scum desweetening process which eliminates the 



Fig. 22.4. The Talo retention-flocculation clarifier: (a) showing scum layer on surface 
when operated at a rate of 25 tons of sugar solids per hour; (b) diagram of working parts. 
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need for any filtration equipment. The process uses flotation separation and 
requires only simple equipment (a mixer and a clarifier) at each stage of the 
counter-current system (Rundell et aL, 1973). As many as three stages may 
be necessary to achieve a sugar loss below 0.01%, but generally two stages 
are found adequate for most sugar refineries, an example of which is shown 
in Fig. 22.5. Liquor clarifier scum enters the mixer of stage 1, where recircu-
lation through the centrifugal pump breaks down the floe, allowing sugar to 
be released quickly, and, at the same time, reaerates the floe. The scum is 
dosed with Taloflote to cause re flocculation, and rapid flotation takes place 
in the clarifier. The partially-desweetened scum from stage 1 is now passed to 
stage 2, where the sequence is repeated using fresh water feed. Low brix 
sweetwater from stage 2 is fed back to stage 1, and high brix sweetwater 
from stage 1 is returned to the refinery as melting water. The final scum 
from stage 2, with a solids content of about 15%, is discharged from the 
refinery without further treatment. 

Advantages of the Talofloc — Taloflote process, the installation of which 
has been described in full by Rundell et al. (1973) are as follows: 

(1) With a Talofloc dose of 500 ppm, washed raw liquor can be decolor-
ized by about 75%, that is, three times more than in the conventional clarif-
ication process. In some refineries this level of decolorization is adequate 
for refined sugar production, so that the use of carbon may be eliminated. 

(2) Where a very high standard of refined sugar quality is required, and 
further decolorization is necessary, the use of Talofloc allows a very sub-

Fig. 22 .5 . A two-stage Talo counter-current flotation system for scum desweetening 
(courtesy of Tate and Lyle Engineering, London, Gt. Britain). 
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stantial increase in the capacity of an existing decolorization station. Alter-
natively, in new refineries a much smaller decolorization station would be 
built with a saving in capital cost. 

(3) The clarified, decolorized liquor from the clarifier is completely 
brilliant so that the load on the filtration station is greatly reduced. In fact, 
the filtration area may be reduced to between one-half and one-third of that 
required for conventional phosphatation treatments, with a corresponding 
reduction in the consumption of expensive filter aid to less than 0.1% on 
solids. 

(4) With the high flotation rates found, the clarifier retention time can be 
reduced from the conventional period around one hour down to less than 
20 min. Since the Talofloc process is operated at 80°C instead of the con-
ventional 97—98°C, the combination of reduced retention time and reduced 
temperature gives significant reductions in sugar loss through thermal degra-
dation. 

(5) The small size of the clarifier and the reduction in the requirement for 
filtration and subsequent decolorization, means that the process equipment 
occupies a relatively small space. 

(6) Because of the reduction in the quantities of carbon and filter aid re-
quired, the volume of waste material to be discharged from the refinery is 
also reduced. This volume is about one-tenth that of the chalk filter cake 
from a carbonatation refinery. 

Good accounts of the Talofloc — Taloflote process in operation have been 
given by Barton (1977) and Simoneaux (1978). 
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Chapter 23 

DECOLORIZATION OF REFINERY LIQUORS USING GRANULAR 
ADSORBENTS AND OTHER DECOLORIZING AGENTS 

FRANK M. CHAPMAN

1
* 

The historical background of this process is amply covered in other tech-
nical handbooks, and most sugar refiners are more interested in the future 
than in the past. In recent years development has been rapid, but now that 
labor costs can be reduced to insignificance, the decolorizing process will 
probably stabilize. Prediction, however, is a chancy business, and what fol-
lows represents only the author's state of knowledge in mid-1965. However, 
certain principles are eternal: to work intelligently one must be able to see 
what is happening, and even more important, one must be able to measure 
the effect of a change in operating procedure. It requires no great brain to 
appreciate that most progress is based on measurement and comparison. 

General Considerations 

Chemical Considerations 

Every sugar man appreciates the importance of maintaining satisfactory 
pH, and this in adsorbent work is best done by long-term policy. Unsatis-
factory pH can be overcome by adding soda, but soda is both a molasses 
former and a color leach, so it is better to maintain a reserve of calcium 
alkalinity in the adsorbent itself: that is, aim for high pH in materials fed to 
columns. 

Mechanical Considerations 

In column work one has to balance liquor transit time against pressure 
drop. Halving the size of the adsorbent particle will double the surface per 
unit weight, but will also quadruple the pressure drop. Liquors to be decolor-
ized normally have viscosities ranging from 12—25 centipoise, so that ad-
sorbent size is held in the range of 0.3—1.0 mm, the best figure probably 
being ca. 0.7 mm. 'Fines' have a disproportionate effect on pressure drop, 
and adsorbents should be 'laundered' regularly. This operation can easily be 
combined with fluid transfer. 

Calculation will show (other things being equal) that pressure drop varies 
as the fourth power of the diameter of the column, so that there is a power-

^ Deceased. 
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Depth char in f i l ter ( fee t ) 

Fig. 23 .1 . Pressure drop vs. depth of char based on specific resistance of 0.45 psi per 
foot per hour. Liquor viscosity is 25 centipoise. 

ful incentive to use large-diameter shallow beds connected in series. Shallow 
beds also desweeten more rapidly. Logically, these considerations combine 
to favor a standard configuration, in which column area is directly propor-
tional to solids throughput. For pressure drop versus column depth refer to 
Fig. 23.1. 

Columns 

'Slugging' Columns and Batch Columns 

Traditionally, sugar refineries have run adsorbent columns in parallel, 
and the greater the volume of the column the longer could be the 'start' 
(i.e. interval between putting on fresh columns) and in consequence the 
more economical, laborwise, could be the operation. It is self-evident that it 
is easier to deal with six rather than with fifty six effluents. 

The arrival of granular carbon adsorbents resulted in an abrupt change in 
thinking. Granular carbon has nine to ten times the carbon content of bone 
char, costs two to three times as much per pound, and the loss in the 
regeneration cycle is about ten times as much as with bone char. Thus, in 
order to be competitive, granular carbon had to be used more efficiently 
before incurring inevitable loss in burning. 

In decolorization work the primary concern is with the end product, i.e. 
the effluent liquor, so that with parallel running a column must be taken out 
of service because the effluent color is, for instance, 1.5 times the average col-
or. The adsorbent is far from being color-saturated, but nevertheless it must 
be regenerated. It was soon appreciated that granular carbon columns should 
be run in series, so that the adsorbent could be more heavily loaded before 



Fig. 23 .2 . Slugging columns for granular carbon (courtesy of Calgon Corp., Pittsburgh, 
PA, U.S.A.). 
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Fig. 23 .3 . Typical 'pulse'-bed column for granular carbon (courtesy of Calgon Corp., 
Pittsburgh, PA, U.S.A.). 
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burning. But what was sauce for the gander was also sauce for the goose, and 
the same thinking applied to bone char also reduced the daily 'burn'. 

Next arose a competition between 'slugging' columns and static columns 
(Figs. 23.2 and 23.3). If a slugging column would work perfectly it is in prin-
ciple both a more efficient and a cheaper arrangement. There can be more 
'stages' and many fewer pressure ends to columns. But any adsorbent col-
umn, to be really effective, must be packed tight. This is obvious if one 
recognises that the liquor has no wish to be decolorized, it is urged only by 
pressure to pass from one end of the column to the other (Fig. 23.4). In a 
slugging column, the liquor flow has to be upwards. Whenever the bed is 
slugged it is temporarily uncompacted so that effluent color must increase 
and fines must be carried through to the trap filter station. In addition, it is 
asking a great deal of a column 3.0—3.6 m (10—12 ft) in diameter to give 
perfect rod-like flow of adsorbent. As in concrete aggregates, sloppy mix-
tures move most rapidly! Pressure drops across slugging columns are not 
always linear with depth, and it is very easy for part of the bed to 'turn 
over'. 

In static beds, conditions for decolorization are much more favorable. If 
the bed is carefully filled to an even depth, resistance, and its resultant rate 
of flow, can be equalized across the area. Liquor flowing downwards com-
pacts the adsorbent. Also, when the bed is emptied, management can be sure' 

Fig. 23.4 . Typical 'pulse'-bed granular carbon system (courtesy of Calgon Corp., Pitts-
burgh, PA, U.S.A.). 
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that the transfer is complete, that no pockets of acid or bacterial infection 
are left, and there need be no doubt about the cleanliness or porosity of the 
filter bottom. Finally, because the bed is not periodically disturbed by 
'slugging', there is no need for a trap filter station as such. Bone-char houses 
in general do not polish-filter anything but special liquors. On the other 
hand, static columns inevitably are more expensive initially, because one 
requires a minimum of six (and if granular syrup is to be decolorized, eight) 
pressure vessels, each with an expensive false bottom (Fig. 23.5). 

These various mechanical considerations combine to give results which are 
summarized in Table I below. As mentioned in the foreword, this represents 
only the writer's state of knowledge in 1965. At this stage it is pertinent to 

L E G E N D 

(C) = L i q u i d o u t l e t 
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u |
d d i s c h a r g e l i n e s h o u l d be a b o v e 

c a r b o n b e d o r it s h o u l d c o n t a i n a back p r e s s u r e 
c o n t r o l v a l v e . 

Fig. 23.5 . Typical arrangement of static-bed columns (courtesy of Calgon Corp., Pitts-
burgh, PA, U.S.A.). 
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TABLE I 

Adsorbent 
system 

Column type 

Slugging Static 

Volume of adsorbent in contact with liquor and/or gran. 
syrup Identical 

Volume of adsorbent non-effective due to desweetening 
and washing % total 2—5 16 ( 12 )

a 

Volume of adsorbent circulating in kiln and hoppers % total 2—5 16 ( 1 2 )

a 

Adsorbent burn for equivalent degree of decolorization 2 1 
Cost of replacing adsorbent 2 1 
Sweet-water production 3 — 4

b
 1 

Wash-water used Identical

0 

Fuel for regeneration 2 1 
Trap filter station — F.S. ton s o l i d s

1
 f t

2
 day"

1
 ? ? 

a
I f decolorizing liquor only, there should be a minimum of six cisterns of which one will 

be for desweetening, washing, emptying and filling. If decolorizing liquor and also gran, 
syrup, there should be a minimum of eight cisterns of which one will be desweetening, 
washing, emptying and filling. b
W i t h slugging columns, there will be three to six desweetening operations per day, com-

pared with one. The larger number of operations increases the necessary rate of flow, so 
that the volume of sweet-water also is increased. c
Wash-water volume must be related to weight of color and ash removed, so that wash-

water requirements are about the same in both cases. 

observe that the most important single factor in adsorbent work is the 
quality of the adsorbent itself. To take this to a logical absurdity, consider 
the case of a sugar refiner who diluted his adsorbent with an equal volume of 
granulated brick. He would double the cost of washing and burning, he 
would also have to double the volume of his adsorbent beds. The removal 
of inert material and dust is a vital part of the management of a stock of 
adsorbent. Finally, as in every other operation, it is vitally important to be 
able to know what one is doing and to be able to observe the effect of a 
change in operations. 

Static Columns — Mechanics of Transfer 
In order to minimize segregation of coarse and fine particles, there are 

evident advantages in rapid filling. A 200 mm (ca. 8 in) bore pipe ca. 4 m 
(13 ft) long inclined at an angle of ca. 45° should pass about 2 m

3
 min"

1 

(70.6 ft
3
). When the column has been filled the cone should be levelled by 

a rabble arm or some similar device. For good operation it is evident that 
pressure across the area of the column must be equalized. The sugar liquor is 
filtered at about 75-80°C (167-176°F) and a minimum pH of 8.5. 
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Emptying 

After desweetening and washing (the sweet-water is ditched when it 
reaches 50° purity or 2°Brix, whichever is first) the adsorbent is left 
flooded and most of the contents will run out to a drainer below. A 300-mm 
(12 in) slurry valve will run about 15 m

3
 min"

1
 (3962 gal min"

1
). The residue 

in the 'shoulders' can be washed out in one or two minutes, but this opera-
tion requires a substantial volume of high pressure water. For a vessel 6 m in 
diameter (ca. 20 ft) the writer would contemplate a 100 mm (4 in) pipe and 
a pressure of 2—3 atm (30—44 psi). 

Draining 

The draining vessel can be a simple cone, holding about two column 
volumes. Approximately 15% of the internal surface of the cone should 
be screen area. Around the rim of the drainer should be a 'launder-ring', 
to allow fines to be floated out. If the backflush water enters behind the 
screen, it can kill two birds with one stone. Adsorbent will drain in one to 
two hours, and can then be fed to a kiln supply bin. The behavior of wet 
adsorbent is somewhat unpredictable, and it is desirable to mount a vibrator 
on the wall of the drainer, but this should operate only on a 'no flow' signal 
from the conveyor below. 

Drying and Burning 

Only in rare instances will a refiner today consider anything other than a 
vertical multihearth kiln (Fig. 23.6). These are well proven tools. Capacity is 
dependent on moisture in feed, but at 20% moisture (wet basis) is about 
60 kg m"

2
 (12.25 lb ft"

2
)/hearth area. Regeneration temperature for bone 

char is 400-500°C (752-932°F) and for granular carbon 1000°C (1832°F). 
The amount of fuel required depends on moisture of char or granular carbon. 

Choice of Adsorbent 

Each refiner must analyse his own requirements. The author's personal 
views are that carbonatation plus 5% of (Scottish) bone char — used in series 
flow — will give about 97% decolorization. Bone char is somewhat better 
than granular carbon at the low-color end, but phosphatation and granular 
carbon produce a satisfactory refined sugar. Bone char transfers a little ash, 
and the refined sugar will store a little better, but these finer points are not 
everywhere important. 
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Fig. 23.6 . Vertical multihearth kiln for regeneration of granular adsorbents (courtesy of 
Bartlett—Snow—Pacific Inc., San Francisco, CA, U.S.A.). 
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ALTERNATIVE DECOLORIZING METHODS 

V.E. BAIKOW 

Powdered Activated Carbon 

Powdered activated carbon can be used instead of granular adsorbents to 
decolorize sugar liquor. These carbons, prepared from various raw materials 
such as peat, paper-mill by-products, wood, bituminous coal etc., are 
activated thermally and with acids, or by dehydrating and using chemical 
reagents. The decolorizing power of an activated carbon depends more on 
the method of activation than on the raw material from which it was made. 
There are several powdered activated carbons made in Europe and the 
U.S.A., namely, Norit, Acti-Carbon, Carborafine, Darco, Suchar and Pitts-
burgh. These activated carbons have varying ability to adsorb darker or 
lighter and reddish or greenish coloring matter, and they reduce the flow 
rate through filters in different degree. Coarser carbons have a better filtra-
tion rate, but a poorer decolorization than fine carbons. Coloring matter in 
sugar liquor is adsorbed on the surface of activated carbon, and therefore the 
finer the activated carbon is, the more coloring matter it can adsorb because 
of larger total surface. However, the finer the decolorizing carbon is, the 
more difficult it is to filter heavy liquor. Therefore, there is a practical limit 
to the minimum size of the particles of an activated carbon. Since different 
carbons have a different degree of affinity for different colors in sugar 
liquor, and also affect filterability differently, it is practical to blend differ-
ent carbons in preparation of the slurry. 

Advantage of Powdered Carbon 

The main advantage of activated powdered carbon is that it is used on a 
'throw-away' basis, which is very practical for a small refinery. Only a small 
amount of carbon is used, normally 0.1—0.5% on the weight of sugar solids 
in melt, and it requires no regeneration. Activated carbons adsorb some col-
loids in addition to coloring matter, and a very insignificant amount of ash 
from liquor, and also reduce foaming. Powdered activated carbons are most 
advantageously used on well affined melted raw sugar and on melt well 
decolorized by phosphoric acid and lime treatment. 

Treatment with Powdered Carbon 

The procedure for using powdered activated carbon is very simple. The 
effluent liquor from continuous clarifiers, after treatment with phosphoric 
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acid and lime, or carbonatation, is treated with a slurry of carbon prepared 
with water or sugar liquor. The carbon slurry is agitated with sugar liquor for 
ca. 15—20 min. After that period, carbon will not adsorb more coloring 
matter, but on the contrary, coloring matter already adsorbed can be washed 
back into the sugar solution. The agitation should not be too vigorous, but 
full-sweep arms should prevent the carbon from sinking, and it must be in 
thorough contact with sugar liquor. The temperature of treatment is about 
82°C (180°F). 

Batch Treatment 
Treatment with carbon is a batch operation, and therefore several treat-

ment tanks must be employed. After the treatment with carbon is com-
pleted, ca. 10 lb of filter-aid per 1000 gal (1 kg per 833 1) of sugar liquor are 
admixed and thoroughly dispersed in the liquor before filtration. Sometimes, 
the major portion of carbon is added in the first tank and diminishing doses 
in the following tanks. In this procedure decolorization is accomplished part-
ly by direct treatment with carbon and partly by percolation through a 
carbon cake in a mechanical filter. If the liquor to be decolorized is very 
light in color, the filter can be precoated first with a filter-aid and then 
with the full amount of carbon with admixed filter-aid, and decolorization 
of sugar liquor is accomplished by percolation through the carbon cake. Any 
of the methods described above can be tried and the most suitable can be 
adopted as a standard procedure in the refinery. 

Treatment Tanks 
The carbon treatment tanks must be equipped with heating coils as well 

as stirrers. These coils must have sufficient heating surface to reheat the 
liquor and to keep it at a desirable temperature throughout filtration. For 
steam economy the carbon-treated liquor should be 65°Brix, but decoloriza-
tion is achieved better at lower Brix values, and sometimes after the sugar 
liquor has been treated with carbon it has to be slightly diluted with water to 
improve filterability. In this case additional evaporation is needed and 
recommended. 

Injection of Carbon Slurry 
The treatment with carbon slurry can be made continuous by injection of 

the slurry into the pipe line of effluent clarified liquor from continuous 
clarifiers. The injection must be made with a proportionate pump. However, 
the treated liquor should be collected in a surge tank from which it will be 
pumped into filters. The advantage of this continuous injection of carbon 
slurry is in saving several treatment tanks and floor space, but because the 
filtration of sugar liquor with carbon is not very constant it may affect 
continuity of the whole process. For this reason batch operation is usually 
more satisfactory. 
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pH Adjustment 

Some activated carbons are acid, and liquors after being treated with 
them have a decreased pH, sometimes much below pH 7. In this case either 
effluent liquor from continuous clarifiers can be maintained with higher pH 
to compensate the expected drop after carbon treatment, or pH of filtered 
sugar liquor can be corrected to pH 7.0—7.2 with soda ash (Na2C03). Soda 
ash can be added to a carbon-treated sugar liquor just before filtration. 

Blending of Carbons 

Different carbons can be blended as desired for most efficient decoloriza-
tion and filtration. 

Suchar Process 

The Suchar Company has developed a process in which treatment and 
decolorization is achieved in two stages, which may result in savings in 
carbon. This process requires double filtration and check filtration. The 
once-used carbon is used again for percolation of clarified liquor in the first 
stage and new powdered activated carbon is added to the once-filtered and 
partially-decolorized liquor. After the second treatment the liquor is filtered 
again. The basis of this procedure is the fact that carbon, after being used 
once, still retains some decolorizing power, and if used in the first stage can 
remove some dark color and colloidal matter. However, this system of using 
carbon twice is not often feasible, because in small refineries there is often 
insufficient filtering area for double carbon filtration prior to final check 
filtration. 

Flexibility of Process 

The advantage of vegetable powdered activated carbon in the refining pro-
cess is that it is very flexible. The amount of powdered carbon can be 
increased at will to treat dark sugar liquor, and decreased to treat light 
liquors, without affecting output capacity of the refinery. The Brix of 
liquor can be variable if there exists a means to evaporate the excess water. 
The Suchar counter-current system with double filtration and utilization of 
spent carbon can be used if there are enough filters. 

Disadvantages of Process 

Among the disadvantages is the problem of carbon dust flying in the air, 
where the slurry is prepared. Splashing from tanks and overflowing makes 
floors and sides of tanks dirty. The filtrates must be absolutely free from 
any carbon, which will otherwise appear in massecuites and white sugar. The 
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Granular Carbon 

In recent years, many refineries have switched to activated granular 
carbon from activated powdered carbon or bone-black. Granular carbon has 
a much longer decolorizing cycle than bone-char, and requires less cistern 
capacity for the same tonnage of sugar. Granular carbon treatment is pre-
ceded by carbonatation, clarification with P2Os and lime, or by the Talo-
floc process. If the sugar liquor is percolated through ion-exchangers after 
granular carbon treatment, a large percentage of ash will be removed. 

Granular Carbons on the Market 

There are several competitive granular carbons manufactured, for instance 
ICI-Atlas, Norit DRK-1, Suchar-681 and Cane-Cal. The last one has particles 
of magnesite bonded into the matrix of the carbon granules, assuring better 
control of pH and invert sugar. 

Columns 

The Calgon Corporation (Williams et al., 1975) recommends two types of 
system for decolorization with granular carbon: pulse beds ('slugging') and 
fixed beds (static columns). A pulse-bed installation is less expensive, and 
requires fewer columns than a fixed bed system, but it has been found that 
per 100 lb (45 kg) of sugar, 0.8—1.0 lb (0.3—0.45 kg) of carbon are used 
in pulse beds, as against only 0.4—0.6 lb (0.15—0.27 kg) in fixed beds. 

In slugging columns, sugar liquor enters the carbon bed at the bottom 
and flows upward. The flow of liquor is interrupted or slowed periodically 
to withdraw spent carbon for regeneration from the bottom, while virgin or 
regenerated carbon is charged into the column at the top of the cone. Hence, 
the liquor is pumped through the carbon bed counter-currently. In a fixed 
bed column the liquor flows downward and spent carbon is discharged at 
the column bottom, after the column has been removed from primary 
service. 

Sweetening-off 

The spent carbon is transferred into sweetening-off tanks which are 5 ft 

filtration must be supervised very carefully and check-filtration must be very 
thorough. The flow rate through filters is poor, and large filtering area is 
required, for which reason it is not a practical process for refineries with 
daily production of over 500 tons of refined sugar. For larger refineries 
granular adsorbents are more advantageous and more economical on the 
whole. 
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(1.5 m) in diameter and 19 ft (5.8 m) on the straight side. The bottoms are 
coned at an angle of 45°. The liquor is drained under pressure, and then the 
carbon is sweetened-off with water until it reaches l°Brix. The water flows 
through carbon downward at a rate of 0.1 gal min"

1
 ft"

2
 (4.07 1 min"

1
 m"

2
). 

Loading the Column 

The granular carbon is charged into the columns in the form of a slurry 
with a density of 3 lb of carbon per gallon of water (360 g Γ

1
) . Its linear 

flow velocity is 3—7 ft s"
1
 (0.9—2.1 m s"

1
). 

Hydraulic loading is faster and requires less labor than mechanical 
handling. It also has the advantage that the carbon will be less abraded in 
water than when handled dry, and any fines will be flushed out. 

Regeneration 

Granular carbon is regenerated in a kiln, generally at a temperature of 
649-954°C (1200-1750°F). At 940°C (1725°F), the color bodies within 
the carbon pores are completely burned to carbon dioxide (C02) and water. 
It can be burnt at lower temperatures, as, for example, at the Revere Sugar 
Refinery (Boston, MA), where the regeneration temperature is 427°C 
(800°F) (Reed, 1979). This represents a saving of energy, but it is not certain 
that at this low temperature all pores in the carbon are completely reopened, 
and therefore this system of regeneration is questionable. 

Air Pollution 

During the regeneration process, an unpleasant odor and carbon partic-
ulates are produced. This problem can be treated by an afterburner or water 
scrubber, or both. 

Ion-exchangers 

Refinery liquors can be purified, decolorized and demineralized by ion-
exchangers. The sugar liquor is percolated through a cation exchanger which 
adsorbs alkaline salts from the liquor, leaving it very acid. This percolation is 
followed by percolation through the bed of an anion exchanger which 
removes the free acid, converting the sugar liquor to a neutral state again. 
This double percolation can be avoided by using these resins mixed together 
in a mono-bed cistern (Figs. 23.7—23.9). 

Today, more and more sugar refineries are using ion-exchangers for 
decolorizing or supplementing previous decolorization by char, granular or 
powdered activated carbons. The use of ion-exchange resins for decolorizing 
cane refinery liquors is an established operation. A large number and variety 
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Fig. 23.7. Cisterns for mono-bed ion-exchangers (courtesy of Sores Refinery, Portugal). 

of ion-exchangers are now on the market and many can be regenerated with 
NaCl solution, which reduces the cost of the regeneration process. The 
cation-exchangers can be used in liquid sugar manufacture for inversion, and 
after desired inversion has been reached the invert liquor can be percolated 
through an anion exchanger to restore desired final pH of invert syrup. 

C A U S T I C 

Fig. 23.8. Layout of ion-exchangers showing anion and cation columns and tanks for 
regenerating caustic and acid (courtesy of Industrial Filter and Pump Manufacturing Co., 
Cicero, IL, U.S.A.). 
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Fig. 23 .9 . Mono-bed or unibed system of ion-exchangers (courtesy of Industrial Filter and 
Pump Manufacturing Co., Cicero, IL, U.S.A.). 

Besides achieving inversion of the sucrose, this operation also removes color 
and ash. The inversion is controlled by flow rate and temperature. The cost 
and disposal of chemicals needed for regeneration of some ion-exchangers 
can be objectionable in a refinery or liquid sugar operation. 

To assure complete regeneration of cation resin, 100% excess of the cal-
culated volume of acid is necessary, and about 20% excess over theoretical 
requirement of sodium hydroxide (NaOH) must be used for regeneration of 
anion resins. Rinsing of anion resins is rather difficult and requires a large 
volume of deionized or rather pure water to avoid placing an additional load 
on the resins. It is advisable to use ion-exchangers for ash removal from 
water used for sugar refining when the water is hard, or when raw sugar has a 
large ash content which is difficult to remove in affination, or the melt is 
rich in inorganic salts. 
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Chapter 24 

FILTRATION 

To obtain high-quality refined sugar, it is important to remove all 
suspended matter from the sugar liquor, and the liquor to be crystallized 
must be brilliant and sparkling. For this reason, sugar liquors are filtered at 
different stages of the refining operation, according to the method of 
refining. A refinery using the phosphatation process and continuous flota-
tion clarifiers filters effluent clarified liquor on mechanical filters. Refineries 
which use powdered activated carbon filter their liquors after they have been 
clarified and treated with carbon; in a refinery using the carbonatation pro-
cess, the carbonated liquor is filtered on mechanical filters prior to its perco-
lation through char or granular carbon, and some refineries prefilter their 
melt before char filtration. 

Types of Filter 

In the early 1900s only Taylor bag filters and plate-and-frame filters were 
used in sugar refineries. The first mechanical filter in the industry was the 
Sweetland, which appeared in about 1910—1915. The original model was 
later modified to provide each leaf with an individual outlet. The Valiez filter 
was patented in 1916, and used a paper-pulp filtering medium, but was re-
designed for filtration with diatomaceous earth filter-aids, which then began 
to come into general use. Valiez was followed by Auto-Filter, which used 
cotton filter cloth. Auto-Filters have an individual outlet from each leaf, 
grouped in a nest, and each leaf can be removed separately. 

Sweetland, Valiez, Auto-Filter and Industrial are horizontal-tank-^vertical-
leaf filters (Fig. 24.1). Until the end of WWII they were the only mechanical 
filters used in sugar refineries. After the war, many other types of filter ap-
peared, the most popular of which were vertical-tank—vertical-leaf filters (Fig. 
24.2) like Niagara, Angola (Enzinger), Pronto (Fig. 24.3) and Industrial filters. 
Some filter manufacturers also designed vertical-tank filters with horizontal 
plates, such as the Sparkler and Fas-Flo, and there appeared additional hori-
zontal-tank—vertical-leaf filters, such as Rota-Filter (Fig. 24.4), U.S. Filter 
and Gaudfrin Filter (Autodisc), built in France (Fig. 24.5). All these filters 
operate on maximum 60 psig (4.22 kg cm"

2
), and the filter medium can be 

metallic or synthetic cloth. 
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Fig. 24 .1 . Horizontal-tank-^vertical-leaf filter. The whole assembly of leaves can be pulled 
out (courtesy of Industrial Filter and Pump Manufacturing Co., Cicero, IL, U.S.A.). 

Fig. 24.2 . Vertical-tank—vertical-leaf filter (Type 112 L). The inlet for liquor is on the 
side of the lower part of the filter (courtesy of Industrial Filter and Pump Manufacturing 
Co., Cicero, IL, U.S.A.). 
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Fig. 24 .3 . Pronto vertical-tank—^vertical-leaf filters: (a) Bunker Hill Refinery, Boston, MA, 
with 16 pressure filters of 8224 f t2 (764 m 2 ) filter surface (courtesy of Enviro-Clear Div., 
Amstar Corp., Somerville, NJ, U.S.A.); (b) Ingenio Ledesma, Jujuy, Argentina, with five 
pairs of filters, each pair having 1 0 2 8 f t2 (477.5 m 2 ) o f filter surface (courtesy of Ingenio 
Ledesma, S.A.A.I., Jujuy, Argentina). 
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Fig. 24.5. Gaudfrin Autodisc filter for refinery liquors (courtesy of Filters Gaudfrin, 
St. Cloud, France). 

Fig. 24 .4 . Rota-Filter (courtesy of Tate and Lyle Engineering Ltd., London, Gt. Britain). 
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Selection of Filter 

When selecting a filter, consideration must be given to details and prac-
tical features of design, such as ease and efficiency of operation and main-
tenance. While any type of filter can separate suspended matter from sugar 
liquor and obtain clear and brilliant filtrate, some filters will accomplish this 
task better than others, and with less effort. The mechanical design of the 
filter, particularly the accessibility of filter leaves, determines the mainte-
nance and labor requirements. 

One of the most significant details of the mechanical filter is the ratio 
between its tank capacity (gal) to its filtering area (ft2). This ratio must be as 
close as possible to 1.0 (this is not applicable to the metric system). Filters 
with a higher ratio will take longer to precoat. 

Location of Feed in Filter 

An important detail is that vertical filters, particularly filters with tall 
leaves, should be fed from the side and never from the bottom of the filter 
tank. When liquor pumped through a 4 in (10 cm) pipe enters at the bottom 
of a vertical filter of about 48 in (122 cm) in diameter, the velocity decreases 
and the filter-aid in suspension starts to settle, because its specific gravity is 

Fig. 24.6 . Drawing of Pronto filter with side inlet and longitudinal distributing baffle 
(courtesy of Enviro-Clear Div., Amstar Corp., Somerville, NJ, U.S.A.). 
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ca. 2.0, while specific gravity of the liquor at 60°Brix is 1.289. Though this 
inconvenience can be overcome by using a larger pump which will increase 
the flow rate, a vertical-leaf filter fed at the bottom takes a very long time to 
precoat, and a large amount of filter-aid is never deposited on the leaves, but 
settles at the bottom of the filter, which is of course a waste of valuable 
material. 

A vertical filter fed at the side (Fig. 24.6) must have an inside baffle which 
diverts the liquor upward and downward at the entrance to the filter. The 
liquor charging the filter at the upper end of the baffle will flow downward, 
depositing precoat on the upper part of the leaf, while the liquor entering at 
the lower end of the baffle will deposit filter aid at the lower part of the 
filter leaf. Feeding on both sides of a filter with four points of inlet is still 
more advantageous for a faster precoat. A horizontal filter with vertical 
leaves is generally fed at the bottom, but, because leaves are shorter and in 
some filters rotate while the filter is being precoated, not as much filter-aid 
will settle at the bottom of the filter tank. 

Inlet Baffle 

All filters should have baffles over the inlet to distribute the input liquor 
away from the inlet and over a wider area. Without baffles, the turbulence 
caused by the flow of the incoming sugar liquor may tend to scour and erode 
the precoat of filter cake off the bottom or side of the leaves at or near the 
inlet. If there is difficulty obtaining and maintaining clarity, one of the first 
things to look for, besides leaks, is any washing on the bottom or sides of the 
leaves near the inlet. This condition can be ameliorated by operating the 
filter at a lower rate of flow, but the basic difficulty should be corrected by 
installing properly designed baffles over the inlet. 

Maintaining Filter Full 

The filter must be kept full of liquor at all times during the filtration 
cycle. For proper operation of a filter with filter-aids, the discharge pipe 
must be in the form of an oversized goose-neck which never runs full. This is 
important for the purpose of filling the filter completely before any filtra-
tion begins, which is the only efficient way of placing a precoat properly in 
any type of filter. Failure to have a goose-neck outlet may result in consider-
able difficulty in precoating and in some cases may make it altogether im-
possible. The goose-neck should be vented at the top of the bend to break 
the syphon, because the 'breathing action' of this syphon may be sufficient 
to make it impossible to precoat, especially if the metallic filter cloths are 
loosely installed. 

At the top of the filter, an overflow pipe or vent connection of about 
1.5 in (38 mm) with a valve should be provided. Through this overflow pipe 
the excess liquor should flow back into the supply tank. Air vents which 
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operate under pressure are not satisfactory, because an air cushion may form 
in the upper part of the filter and prevent filling the filter tank completely, 
leaving the upper part of the filter leaves not submerged in liquor. This air 
cushion will be continuously compressed and expanded, producing a pulsing 
action inside the filter which may dislodge or make filter cake slide down 
and this will unfavorably affect the clarity of the effluent filtered liquor. 
Air constantly accumulates in a filter because the liquor is pumped with a 
centrifugal pump and carries also a considerable amount of air from contin-
uous clarification. The vent-valve must be sufficiently cracked that unfiltered 
liquor will be flowing in a small stream at all times during the filtering cycle. 
If this overflow pipe is closed, an air cushion will be formed very quickly, 
and opening and closing the overflow valve to release air will only accelerate 
the breathing effect in the filter. 

Filter-leaf Spacing 

Filter leaves for sugar refinery filtration are spaced from 2—3 in (50.8— 
76.2 mm), center to center, depending on the particular use of the filter and 
the refining method. If the filter is assigned to filter sugar liquors treated 
with phosphoric acid and lime, with powdered activated carbon treatment 
following, a spacing of 2 in should be selected. However, if the filter is used 
to filter liquor from carbonatation or to filter sluicings mixed with scums 
from continuous clarifiers, the spacing from center to center should be 3 in 
or even 4 in (101.6 mm). 

For filtration of carbonatation liquors, which form a voluminous cake, the 
filter must have an extra-deep bottom to prevent mud build-up. Niagara 
filters with deep conical bottoms or Sweetland filters modified by Savannah 
Sugar Refinery (U.S.A.) are especially suitable for this type of filtration. 
When the liquor is pumped into the filter, part of the precipitate formed 
during the carbonatation process settles to the bottom, so that the filter 
acts as a settling tank as well as a filter. To prevent bridging at the bottom, 
the mud must be rapidly evacuated after each cycle. Therefore, in addition 
to sluicing water, steam jets at the bottom of the filter must be used. This 
system for removing the cake with steam jets was originally designed in 
Enzinger filters. 

By-pass Valve 

The pressure in a filter builds up gradually and should not be increased 
nor decreased rapidly by opening or closing the feed valve. Most mechanical 
filters are provided with inlet pipes of 3—5 in (76.2—127 mm) for rapid 
filling of the filter. The valves are of corresponding sizes. Valves of this size 
are too large and not suitable for precise operation and feeding of filters with 
liquor under 65—70 psig (4.57—4.9 kg cm"

2
) pressure. A by-pass of 1.0—1.5 

in (25.4—38.1 mm) with a globe valve must be installed for efficient opera-
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tion. As soon as the filter has been filled and precoated, the large valve must 
be closed and the filter should be fed through the by-pass only. A valve of 
1.0—1.5 in with a line pressure of about 70 psig (4.9 kg cm

- 2
) is ample. 

Modern filter stations are designed with an orifice or a flow-control valve 
which may take the place of the by-pass. 

Filter Leaves 

The filter leaves in mechanical filters are of different shapes and construc-
tion. Sweetland, Valiez, Auto-Filter and Fas-Flo filters have a rigid drainage 
membrane on which a metal screen or cloth is fastened. Some of these leaves 
drain through individual outlets or, as in the Valiez filters,into a common 
hollow shaft which supports the leaves. In the Gaudfrin filter, the filtrate-
collecting pipes are located in the main shaft, which supports the leaves 
(Fig. 24.7). These collecting pipes are fitted with a sight-glass and a stop 
valve. There are 16 collectors, each of which controls 6.25% of the total 
filtrate flow. All the metal part of this filter which is in contact with filtrate 
is stainless steel. Auto-Filter, Enzinger (Angola) and Rota-Filter all have 
individual leaf outlets. The more modern filters have tubular frames. The 
filter leaves are faced on both sides with fine metal screens and are backed 
by a central filtrate drainage screen, which stiffens the leaves structurally. 
Each leaf is bound and supported by a tubular leaf frame through which the 
filtrate flows to the leaf outlet (Fig. 24.8). The riveted binding has an 

Fig. 24.7. Schematic drawing of Gaudfrin Autodisc filter, which shows individual outlets 
from sectors; the surface of filter varies from 70—210 m

2
 (753—2260 f t

2
) (courtesy of 

Filters Gaudfrin, St. Cloud, France). 
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Fig. 24 .8 . Schematic diagrams of filter-leaf construction: (a) tubular frame, backing 
screen and fine mesh surface screen; (b) sealing strips; (c) leak-proof connection of filter 
leaf and manifold (courtesy of Enviro-Clear Div., Amstar Corp., Somerville, NJ, U.S.A.). 

a 

b 

c 
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advantage over spot-welded binding because it permits the rescreening of 
leaves if necessary. 

Filtration Medium 

The medium on which suspended matter is retained is either metallic wire 
screen of various mesh sizes, or cloth, which may be cotton, nylon, dacron, 
polypropylene or orlon. The metallic wire screens generally used for sugar 
liquor filtration are 60 X 60 mesh twilled weave, 0.011 in diameter wire, or 
80 X 80 mesh twilled weave with 0.007 in diameter wire, or the Dutch 
24 X 110 weave, all of which must be calendered. These screens are made of 
stainless steel or Monel metal. When metallic filter screens are fitted and 
diatomaceous silica filter aids are used, the leaves must be thoroughly 
checked for leaks, and, if necessary, additional bolts or rivets should be 
added around the rim. Type 316 stainless steel has a higher corrosion 
resistance than type 304, and is recommended for use when vegetable de-
colorizing carbon is used for sugar liquor. 

Neva-Clog 
There is another type of filter medium made of type 316 stainless steel, 

called 'Neva-Clog'. It consists of two sheets of light-gauge metal in which 
circular perforations are made in a predetermined hole diameter and spacing. 
One sheet is positioned over the other so that the perforations in each sheet 
face the unperforated surface of the other. The sheets are joined by spot-
welding in a specific pattern. 

Neva-Clog gives additional rigidity to the filter leaf and has a long life. 
However, it is not the type of filter medium recommended by filter-aid 
manufacturers, and it requires a filter-aid which is considered inefficient. 
Neva-Clog is expensive material and if filter-aid or decolorizing carbon pen-
etrates between the sheets it is very difficult to remove. Woven screens are 
much easier to clean. Neva-Clog is also used in char, granular carbon filters 
and ion-exchanger columns for support and underdrain system. 

Filter Cloth 

In place of the cotton cloth which is used in the carbonatation process 
and in some filters, IFD No. 438 dacron or polypropylene cloth bags can be 
used. They must be heat-set and scoured for dimensional and heat stability. 
The leaf for filter-cloth can be constructed with the usual 4 X 4 mesh central 
screen, but instead of fine wire mesh screens, two bag-supporting 8 X 8 stain-
less steel screens can be substituted. The dacron or other material bag is 
fitted over the leaf, and to eliminate sewing, zippers can be used. This type 
of leaf is less expensive, more rigid and lasts longer. The cloth bags can be 
replaced whenever necessary. 

There are many different textile filter cloths which can be used, but the 
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most popular now is monofilament polypropylene, calendered at 88.8— 
107°C (190-225°F). It should not be used above 88°C (190°F) operating 
temperature. Another material is polyester, which is usually lighter in weight. 
It has to be heat-set in 176°C (350°C) range to obtain dimensional stability 
and to adjust the permeability. Nylon and cotton are also used. 

Textile materials for filtration are less expensive than metallic cloth, but 
do not last as long. Provided proper maintenance schedules and procedures 
are maintained, metallic filter cloth has a very long life (Mittelberger, 1975). 
The metallic cloth should be inspected and thoroughly cleaned about every 
twelve months. It should never be cleaned using HC1, but with buffered 
acids, preferably sulfamic acid. In the case of small rips occurring, the metal-
lic cloth can be silver-soldered. 

Sluicer 

Between each filtration cycle, the cake formed on both sides of a filter 
leaf must be dislodged and discharged from the filter by sluicing the cake 
with water. For efficient operation, the minimum possible amount of water 
should be used. The filter leaf after sluicing must be absolutely clean, leaving 
the filtering area free from any blinding spots. This is one of the most dif-
ficult operations in the filtration procedure. The sluicing is done with water 
under pressure of a minimum 60 psig (4.22 kg cm"

2
), and preferably higher, 

no matter what type of sluicing device is used. In filters whose leaves can be 
rotated, sluicing is easier than in vertical filters with leaves reaching 49 in 
(124.5 cm) in height. 

In horizontal-shell filters with vertical leaves, such as Valiez, Auto-Filter 
or Rota-Filter, the sluicing header is a pipe which runs the full length of the 
shell, with nozzles located between leaves. The water is generally fed at one 
end, and very often it can be observed that the leaves at the far end from the 
water inlet are better washed than leaves near the inlet. To eliminate this 
defect, the water should be fed at both ends of the sluicing pipe. In vertical 
filters which have only 48 in (1219 mm) diameter, the sluicing header is 
much shorter than in a horizontal-shell filter and therefore the water enters 
at the mid-point of the sluicer. Pronto filters are designed with a twin-head 
sluicer (Fig. 24.9), and this ensures thorough washing in a short period of 
time. In this filter, the spray jets have overlapping spray angles, giving a 
uniform sluicing action. Vibrators, sometimes installed to dislodge the filter 
cake before sluicing, should be avoided on filters with fine metallic screens. 
Excessive vibration of the leaf tends to break fine wire, thus making a hole 
in the filtering area. If vibrators are used, the period of vibrating should be 
limited to two runs of fifteen seconds for each cycle. The most difficult task 
is to remove the filter cake from a horizontal leaf filter. When the filtration 
cycle is completed at about 60 psig (4.22 kg cm"

2
) pressure, the cake is 

thoroughly compressed against the horizontal leaf, and to dislodge it with a 
revolving sluicing jet requires a long time and a large quantity of water. 
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Fig. 24.9 . Twin-jet sluicer located in cover of a Pronto filter (courtesy of Enviro-Clear 
Div., Amstar Corp., Somerville, NJ, U.S.A.). 

Filter-cake Space 

Each filter manufacturer specifies the maximum cake space available for a 
filter of a certain filtering area. Therefore, the volume of liquor to be filtered 
before the filter is filled with cake can be precalculated. For instance, if 
clarified liquor is treated with 0.2% carbon and 0.3% filter-aid on solids, the 
Brix of the sugar liquor is 60° and it is filtered on a vertical filter with 514 
ft2 (47.75 m2) filtering area, the maximum volume of liquor to be filtered 
can be calculated as follows: 20 lb of powdered activated carbon or filter-
aid will produce 1 ft3 of wet cake. The maximum cake on 514 ft2 with 2 
in leaf spacing is 32.1 ft3. One gallon of liquor at 60°Brix contains 6.436 lb 
of solids. Hence 

(32.1 X 20)/[6.436 X (0.2% + 0.3%)] = 19 950 gal max. volume per cycle 

If there is suspended matter in the liquor other than filter-aid and carbon, 
the volume filtered will be smaller, since this suspended matter will occupy 
some of the cake space, but generally this amount is very insignificant. 
Usually, the maximum pressure in a filter will be reached before all cake 
space in the filter is filled, but there are cases when low-Brix liquors with a 
large amount of suspended matter are filtered. This happens, for example, 
when the cake has not been sweetened-off completely at the end of a cycle 
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and is picked up with all sluicings on a filter assigned for sweetening-off 
cake from all filters. Overfilling the filter with cake may damage the leaves 
(or candles) and must be avoided under all circumstances. 

Inspection and Maintenance 

When selecting a filter, its system of opening and closing must be 
scrutinized. It is important from the point of view of industrial engineering 
efficiency that no unnecessary time be consumed to open the filter to 
inspect the leaves or to replace the cloth. In this respect, vertical filters 
with swinging bolts and a swivel cover are practical, or horizontal filters 
in which the cover is at one end and the whole assembly of leaves can be 
withdrawn. However, the latter type of filter requires additional floor space. 
Filters which have to be opened on the side by unscrewing a number of 
bolts, and whose filter leaves must be removed from the central shaft, as in 
the Valiez filters, require too long a time, and efficiency of such a filter is 
considerably decreased. Careful replacement of a long gasket is tedious work. 

Individual Leaf Outlet and Common Manifold 

Filters with individual leaf outlets for filtration of liquors treated with 
decolorizing powdered activated carbons have a great advantage. In case one 
or several leaves pass the carbon, the outlets of these leaves can be shut off 
and filtration continued without interrupting the cycle and reprecoating the 
filter. 

On the other hand, for prefiltration of sugar liquor before bone-char or 
granular carbon percolation, a common manifold filter can be used just as 
well. If the filtering medium in the filter is in good condition and clean, 
and the filter is well precoated, individual outlets are generally not necessary. 

Other Types of Filter 

In addition to mechanical filters there are two other quite different types 
of filter. One is the filter press consisting of plates and frames, and the 
other is the candle type. In the plate-and-frame filter, each plate is covered 
with filter cloth. The filter must be carefully assembled and tightly pressed 
together. 

Filter Press 

Simple filter presses are very seldom used nowadays in refineries for 
filtration of heavy-Brix liquors, but some refineries still use them for filtra-
tion of first liquors, for greens or other low-grade products, for scums, or in 
carbonatation for washing the cake (Fig. 24.10). 
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Fig. 24 .10 . Shriver filter press of the side-feed open-discharge washing type (courtesy of 
Shriver and Co. Inc., Harrison, NJ, U.S.A.). 

Precoating Filter Press 
Plate-and-frame filters present difficulties in the proper application of 

filter-aid. Unless a plate-and-frame press is specifically designed to enable it 
to function properly with a precoat, its use in a sugar refinery where filter-
aids are used in the liquors calls for a different method of handling, and 
there is a different set of problems than would be found with other types 
of filters. 

If a plate-and-frame-filter has an upper corner discharge, either external or 
internal, then precoating can be quite successfully carried out, although each 
frame might require the installation of a petcock in the upper edge in order 
to permit venting of the entrapped air in each chamber. A plate-and-frame 
with a bottom corner interior discharge can also be well precoated if there 
is a goose-neck connection on the discharge, and vents on each of the frames 
so that the press can be filled with liquid before filtration begins. All plate-
and-frame presses with a bottom corner open-discharge, regardless of where 
the inlet is, are practically impossible to precoat properly over the entire 
filter area, which means that the unprotected filter areas will tend to give 
filtrate of poor clarity. 

In case it is necessary to use plate-and-frame filters, regardless of type, 
the following items should be kept in mind: 

(1) Precoating a plate-and-frame press with a top discharge and with each 
of the frames vented is carried out exactly as in a mechanical filter (as de-
scribed below), except that care should be taken that the filter is filled 
slowly so as not to cause the filter plates in the front end of the press to 
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begin filtering before the chambers at the tail end of the press are filled, 
thereby causing uneven precoating. 

(2) Any attempt to precoat a bottom-discharge press, discharging external-
ly, must be done by restriction of flow from the plates at the front end of 
the press until the liquor begins to flow fairly freely from the spigots at the 
tail end of the press, after which those at the front end may be opened 
gradually from the tail end toward the front while circulation is maintained 
at a good rate of flow. Even under these conditions, the plates at the tail 
end of the press will be only partially precoated, the unprecoated areas 
gradually increasing toward the discharge end of the filter. 

Drainage of Filter Press 
The drainage of a plate-and-frame filter may be very poor if the filter is 

one of the older types, if the grid surface has become badly corroded, 
or if there has been considerable accumulation of scale and dirt. If, after 
cleaning the plates, there is still a poor filtration rate, then it is apparent 
that under operating pressure the filter cloth is being depressed into the 
drainage channels so tightly that the filtrate cannot pass through. This can 
be corrected somewhat by using a slightly heavier cloth which does not give 
so much under pressure. Another method which works very well is to super-
impose over the grid surface of the plate a 0.25 in wire mesh screen made 
from rather heavy-gauge wire which will keep the cloth from being depressed 
into the drainage channels. 

On many filters of the older plate-and-frame design, the openings at the 
outlet corner of the plate are not large enough to take care of the filtrate 
coming through the filter area of the plate. These openings may therefore 
have to be enlarged. Conversely, in other old types of plate-and-frame filters 
these outlet ports are so large that under pressure the cloth is forced into 
these openings from both sides to such an extent that they meet, thus dam-
ming off the filtrate outlet. The insertion of a wire coil, or some other means 
for keeping the cloth from being depressed into this area, will be very help-
ful in this case. 

The gasket surfaces must be smooth and even, as any accumulation of 
dirt or unevenness due to corrosion may permit unfiltered liquor to get 
through into the filtrate channels. This is particularly true where either the 
inlet or outlet, or both, are interior. 

Dressing Filter Press 
It is better to use a double layer of lightweight cloth on a plate-and-

frame press instead of a single layer of heavyweight cloth. The double layer 
of cloth is a protection. Should one cloth break while the filter is operating, 
the second cloth will prevent contamination of the filtrate. The double 
thickness of cloth will also permit better gasketing around the edges. 

When using a double layer of cloth, the upper cloth is removed after each 
cycle for laundering, and the underneath cloth is then lifted while a fresh 
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one is placed underneath for the following cycle. This method of dressing 
the plate-and-frame press is virtually mandatory if the filter press is of such a 
design that it cannot be properly precoated. The cloths should be washed 
thoroughly and never allowed to become dirty with mold or other removable 
impurities. They should never be stacked wet, but should be hung up to dry 
if much of an interval is to elapse before they are used again. If a cloth 
tends to become clogged in use and impervious to the passage of air when 
attempt is made to blow through it, then it is not fit for filtering sugar 
liquor. Cloths not too tightly woven should be used. 

A plate-and-frame press can be dressed with a single cloth, and in this case 
a layer of filter paper should be placed on top of the filter cloth. This filter 
paper, which is actually a non-woven cloth, is 38 in (96.5 cm) wide and can 
be reused several times. This type of paper is manufactured by Chicopee 
Mills Inc., North Little Rock, AR, U.S.A., and carries the code number 
R-85-D. Other similar grades of filter paper can also be used. 

Solua-Floc 
Solva-Floc BW-40, a cellulose filter-aid, may be used to form a sheet of 

paper over the cloth in a filter press. The press can be precoated twice, the 
first time, with Solva-Floc BW-40 at 5 lb per 100 ft

2
 (2.44 kg 10 m"

2
) of 

filtering area, and then with a regular filter-aid. This is less expensive than 
using preformed filter paper. 

Candle Filter 

The candle-type filter consists of a cylindrical supporting tube made of 
expanded metal, which gives the filter candle the required stability. This 
expanded metal tube is covered with a fine wire cloth. The bottom of the 
candle is closed, and is concave to prevent accumulation of cake at the base 
of the candle. The upper end of the candle is threaded for screwing the 
candle onto the mounting plate, and this assembly forms a complete unit 
which is inserted in the filter tank with candle filtering elements suspended 
in the filter (Fig. 24.11). 

The unfiltered liquor is pumped into the filter at the bottom of the filter 
shell, the liquor filters into the candle and the filtrate is evacuated from the 
upper part of the filter from above the mounting plate. Before the filtering 
cycle begins, the candles must be precoated with a filter-aid. For sluicing, 
compressed air or steam is applied counter-currently from the inside of the 
candle, dislodging the filter cake which has formed, after the unfiltered 
liquor is drained out. When the cake is dislodged, a small amount of filtered 
liquor or water is used to rinse the candles from inside out. 

Candle filters can be successfully used in refineries where the carbonata-
tion process is employed. In order to have sufficient cake space, the candles 
must be spaced far apart and the ratio of filter-shell to the filtering area will 
be large. This is not advantageous for precoating. However, a candle filter is 
of advantage for the voluminous precipitation in the carbonatation process, 
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114 F I L T E R 
"HYDRA SHOC " 

Fig. 24 .11 . Candle-type filters: (a) installation where each filter has 1 6 1 f t2 (15 m 2) filter 
surface (courtesy of BMA, Braunschweig, G.F.R.); (b) schematic drawing of candle-type 
filter (courtesy of Industrial Filter and Pump Manufacturing Co., Cicero, IL, U.S.A.). 

with its deep conical bottom where part of the chalk can settle, without even 
depositing on the surface of the candles. Candle filters could be more 
practical in the heavy sugar liquor carbonatation process than even deep-
bottom horizontal-shell filters like the Sweetland. In some candle filters, the 
candles are made of sintered ceramics. If the pores of ceramic candles 
become clogged, they are quite difficult to clean. 
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Fig. 24 .12 a—c. Artist's impressions of diatoms X1000 magnification (courtesy of 
Dicalite Div., Grefco Inc., Los Angeles, CA, U.S.A.). 

Filter-aid 

The indispensable product for filtration of heavy liquors in a sugar 
refinery is filter-aid. There are different varieties of filter-aid made of 
diatomaceous silica and perlites. 

A diatomite (Johns—Manville Corp., 1943) or diatomaceous silica is com-
posed of the fossil remains of aquatic plants called diatoms, so small that 
thousands laid end to end may measure only one inch. Under the micro-
scope, the fossils are seen to be extremely thin, transparent valves or shells 
of diverse shapes with ornate and symmetrical markings (Fig. 24.12). 
Calcined, processed and classified diatomaceous silica is used as filter-aid. 
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There are several grades of filter-aid which vary in porosity. Filter-aids are 
finely divided, porous, light in weight, inert and do not affect the chemical 
or physical characteristics of the sugar filtrate. The filter-aids most common-
ly used in refineries for sugar liquor filtration are Celite Hyflo Supercel, 
Dicalite Speed Plus and Kenite-700. There are other grades of filter-aid 
which may give higher or lower flow-rate, depending on the clarity required. 

Fig. 24 .13 . Photomicrograph of perlite (courtesy of Dicalite Div., Grefco Inc., Los 
Angeles, CA, U.S.A.). 
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A relatively new product which is also used in filtration is called 'perlite' 
produced from perlite ore. The softening temperature of perlite ore is 843°C 
(1550°F), and at temperatures in the range 870-1093°C (1600-2000°F), 
the crushed ore shatters into millions of microscopic fragments (Fig. 24.13). 
These particles are classified through cyclones in an automatic air-separation 
system for the uniformity which is needed for specific grades. Several man-
ufacturers of diatomaceous filter-aids also produce perlites, which are com-
parable to diatom products. One of the most important producers is Grefco 
Corporation. Perlites have less bulk weight than diatomaceous earth. The 
solids-retention efficiency is lower than in diatomaceous earth, but generally 
is more than satisfactory for filtration of sugar liquors. Perlites comparable 
to the above-mentioned filter-aids are Sil-Flo-443 and Dicalite-476/478. 

Regeneration of Filter-aids 

Filter-aids can be regenerated using a process developed by Applications 
Corporation of Denver, CO, U.S.A., and licensed by Johns—Manville 
Corporation (Fig. 24.14). This regeneration is achieved by passing a slurry of 
filter-aid through three stages of cyclones. Each cyclone is 1 in (2.54 cm) in 
diameter and operates under 40 psig pressure (2.8 kg cm"

2
). The filter cake 

is diluted in a holding tank to a 3—5% slurry and is fed into the feed tank 
and pumped through the first-stage cyclone. The underflow will contain 12— 
15% solids, and the overflow is discarded. The underflow is diluted again 
and is passed through the second-stage cyclone, resulting in an underflow 
of 15—20% solids. This underflow must be again diluted before it is pumped 
to the third-stage cyclone. The third-stage product is about a 16% slurry and 

Spent f i l te r cake- Sluice or dry discharge 

. r 
Make-up water if required or dilution from 
the second stage cyclone overf low 

Fi l ter 
stat ion 

Recovered product 

Tailings 

Fig. 24 .14 . Three-stage filter-aid recovery method (courtesy of Johns—Manville Corp., 
Manville, NJ, U.S.A.). 
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can be pumped directly to the process for reuse. The overflow from the last 
cyclone is used for dilution of the first-stage underflow. This system can 
recover up to 70% of filter-aid from the cake. The regenerated filter-aid is 
not good as new, and must be made up with new filter-aid. Also, disposal 
of the overflow presents a problem (Smith, 1972). 

Precoating 

Precoating a filter means to cover its filtering surface with an even coat of 
diatomaceous earth or perlite filter-aid, and this must be done whenever 
mechanical filtration is used in a refinery. For liquid sugar, a precoat of 
BW-40 is recommended at 5 lb for each 100 ft

2
 of filtering area; but in 

general 0.1—0.15 lb of dry filter-aid are needed to precoat 1 ft
2
 of filtering 

area, or 50—75 lb (22.7—34 kg) for a mechanical filter of approximately 
500 ft

2
 (46.45 m

2
). 

A slurry of filter-aid is prepared in the precoat tank, which has a volume 
capacity of 125—150% of the filter shell. A larger capacity precoat tank, if 
filled completely, would produce too dilute a slurry, and it would be neces-
sary to circulate this through the filter for a longer period. The tank must be 
provided with an agitator capable of keeping the filter-aid in suspension, but 
a vortex must be avoided. Air agitation in the precoat tank is not recom-
mended. The slurry of filter-aid must be prepared in filtered sugar liquor. 
A slurry made with unfiltered liquor will result in a shorter cycle, since 
suspended matter other than filter-aid will blind the filter cloth, thus 
reducing filtering area at the outset of the filtering cycle. However, this addi-
tional suspended matter will accelerate the precoating, which may seem to 
some inexperienced operators to be advantageous. The filter-aid can be pre-
mixed with asbestos fibers. Occasionally such material gives a better precoat, 
and can be efficiently sluiced. Preparation of slurry with water is a poor 
practice because filter-aid in a water slurry settles faster than in heavy liquor, 
and moreover the additional water which remains in the filter after it is pre-
coated will dilute the incoming liquor and will require additional evapora-
tion. 

Precoat Pump 

The precoat pump must be of large volume and low pressure, and must be 
installed with a net positive suction head (NPSH) to avoid suction of air into 
the liquor. The precoat pump, when there are several filters, must be used 
only for precoating. Its capacity should be 200—300 gal min"

1
 (757—1135 1 

min"
1
) to prevent filter-aid from settling or depositing unevenly on the 

filter leaves. Also, it is important to realize that the precoat deposited on the 
surface of leaves is maintained by the flow of sugar liquor. Some filter 
manufacturers recommend a precoat pump with capacity of 0.6 gal min"

1 
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ft"
2
(24.4 1 min"

1
 m"

2
) of net filter area. If filtering area of a filter is 1000 ft

2 

(92.4 m
2
), it will require a precoat pump of 600 gal min"

1
 (2271 1 min"

1
), 

which is larger than is commonly used for precoating. Precoating should 
be done at as low a pressure as possible, preferably not more than 2—3 psig 
(0.14—0.21 kg cm"

2
) and at a fairly high rate of flow, but not so high as to 

endanger the depositing of cake on the leaves near the inlet ports. The 
pumping should not be intermittent. Any interruption in flow of liquor may 
cause the precoat to slide off the leaves, thus causing turbid filtrate. While 
precoating, and during the filter cycle, the filter must be full at all times. 
For that purpose the overflow valve must be kept sufficiently open that a 
small stream of unfiltered liquor from the filter will recirculate into the feed 
liquor tank. 

If there is no suitable precoat pump available, the precoat tank can be 
installed on the floor above the filter instead of the floor below, and pre-
coating can be done under gravity, providing that pressure in the filter is 
2—3 psig. In such an installation, another tank must be installed to receive 
effluent precoat liquor and recirculate it to the precoat tank above with a 
centrifugal feed pump. If the precoat is made at higher pressure, the filtra-
tion cycle starts at that pressure and therefore the filtering cycle will be 
shorter, because the precoat is already tightly compressed. If the filter is 
clean and precoated at 2—3 psig pressure, it is possible to filter quite a large 
volume of sugar liquor before the pressure in the filter reaches 10 psig 
(0.7 kg cm

- 2
) since initial flow is always greatest. If the ratio of filter shell 

to filtering area (gal ft"
2
) is small (ca. 1) as was mentioned above, less re-

cycling of precoat slurry will be needed, and the liquor will run clear in a 
shorter time. A well designed filter properly installed can be precoated with 
a large volume precoat pump in 5—10 min. 

Filtration Cycle 

By-pass Value 

When the sugar liquor is flowing clear, the filtration cycle begins. All the 
liquor used for the precoat should be pumped into the clear filtrate tank and 
the filter switched to the feed-liquor tank, using the feed-liquor pump. 
The main-line feed valve must be closed and flow of feed-liquor to the filter 
must be regulated by the by-pass valve. During the pressure sugar liquor 
cycle, there should be only a gradual increase in pressure up to the max-
imum near the end of the cycle. The small valve on the by-pass line assists 
the operator in obtaining such a pressure curve. This is very important when 
filtering out precipitated materials of a non-rigid character. 
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Amount of Filter-aid Required 

The filter-aid must be added uniformly in proportion to the impurities 
to be removed. Filter-aid dosage varies with the material to be filtered. 

Washed raw sugar melt requires up to 16 lb (7.2 kg) of Speed Plus or 
Hyflo of 62° Brix melt. When phosphoric acid and lime are added to the 
melt, it may be necessary to increase the amount of filter-aid up to 23 lb 
(10.4 kg) and for filtration of clarified melt effluent from continuous clar-
ifiers, 10 lb (4.5 kg) of filter-aid must be admixed per each 1000 gal (3785 1) 
of sugar liquor to be filtered. This promotes higher output from the filter 
and a longer cycle. The more sugar liquor filtered per cycle, the more 
economical the operation. The filter-aid used for precoat and subsequent 
filtration is calculated on the weight of solids in sugar liquor. Since the larger 
portion of filter-aid is in the precoat, it should be utilized to the maximum. 
If there is an insufficient number of filters, the cycle can be shortened to 
accommodate the total flow of liquor. 

Recirculation 

If, for some reason, there must be any interruption of filtration, the filter 
must be kept running by recirculation. If the filter is stopped and all valves 
closed, the cake may slide down even if compressed air is applied. 

Pressure 

As the cake builds up, the resistance to flow will increase and pressure 
in the filter will also increase. Some filters with a cast-iron shell can with-
stand pressures up to 60 lb (ca. 2 atm) maximum, while a shell made out of 
steel can withstand higher pressure. Each filter must be provided with a pres-
sure gauge and it is desirable to have a flow meter to measure output of the 
filter. The filtration cycle must be terminated at a pressure at least 10 psig 
under the maximum pressure specified for the filter shell. Filter tanks are 
pressure vessels and are supplied with name plates and manufacturer's data. 
Maximum operating pressure is always lower than the maximum design pres-
sure at specified temperatures as stated in the applicable pressure-vessel 
codes. Pressure relief devices must be installed on the filter tank. Just before 
the end of the filtration cycle, the flow of filtrate is diverted into the precoat 
tank in sufficient amounts to prepare slurry for the next precoat. In this 
way, the filtrate used for precoat is always fresh. 

Feed Pumps 

If there are different types of filters in the battery, each type of filter 
should have a separate feed pump, for economy and efficiency of operation. 
Some makes of filters have a better flow rate than others, and if the same 
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feed pump is used on all filters, those with better flow will have a much 
shorter cycle and will need reprecoating more often. 

Sweetening-off 

When the filtration cycle has been completed, the maximum allowed 
pressure has been reached or maximum precalculated volume of sugar liquor 
has been filtered, the cake deposited on filter leaves must be sweetened-off. 
There are different systems for sweetening-off a mechanical filter. If there 
is a filter assigned specially to sweeten off sluiced cakes, the procedure is 
as follows. When the cycle is finished, air pressure is applied to the filter and 
the unfiltered liquor which remains in the filter tank is run back to the feed 
liquor tank. The cake is maintained in place on the filter leaves with pressure 
applied with compressed air. The filter is filled with hot water and several 
hundred gallons of hot water forced through the cake to sweeten it off 
partially. 

A way to sweeten-off filter cake completely is by displacement of 
sugar liquor in the filter shell by hot water. This procedure must be slow in 
order to leach maximum sugar from the filter cake. When Brix of effluent 
filtrate decreases to about 45°, the filtrate must be switched to the sweet-
water tank. To exhaust the filter cake as much as possible, the outlet valve 
must be closed from time to time, but the filter must remain under pressure. 
To economize the amount of water used, the sweetening-off must proceed 
at a slow rate of flow. 

Whenever the unfiltered liquor and wash-water must not mix, the un-
filtered liquor is blown with compressed air from the filter tank through the 
filter leaves, if possible. The remaining unfiltered liquor is run back into the 
feed liquor tank, the filter is filled with hot water and sweetening-off begins. 
This operation must be conducted very carefully to prevent the cake from 
sliding before the filter is filled with water. This procedure of sweetening-off 
is not recommended, because compressed air dries the cake and it easily 
cracks, leaving channels for hot water to flow through without actually 
sweetening-off the filter cake. 

Sluicing 

The sluicing pump is started before the valve to the sluicing header is 
opened and the cake is washed down while the discharge valve at the bottom 
of the filter is opened to let the sluiced cake be washed into the spent filter-
cake tank. If it is difficult to dislodge the filter cake by sluicing with hot 
water alone, a jet of steam can be applied from underneath the filter leaves. 
Most modern filters are provided with such steam jets. If the cake has been 
sufficiently sweetened-off, the discharge valve is opened, sluicing water at a 
minimum of 60 psig pressure is applied and the cake is washed away. 
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Some filters, as was mentioned above, have better sluicing systems than 
others. A filter can be considered efficient and well designed when the filter 
cake is sluiced completely with a minimum amount of water and in the 
shortest possible time. When the filter is empty and leaves are thoroughly 
washed, the filter is ready for precoat and another cycle. 

Sweet-water 

The sweet-water obtained from sweetening-off the filter cake and 
accumulated in the sweet-water tank can be used for melting washed sugar, 
washing cisterns containing granular carbon or bone-char or for diluting 
refinery and remelt sugar run-offs. 

It must be kept in mind that a sufficiently high flow of sugar liquor and 
accumulated volume of liquor must be obtained during the productive time 
of the filter cycle, but the amount of filter-aid used per pound of filtered 
solids must be minimum. 

Filtration of Scums from Clarifiers and Sluiced Cake 

The tank which accumulates partially sweetened-off sluiced cake should 
have sufficient capacity to accomodate scums from continuous clarifiers 
also, if necessary. Sluiced cake and scums must be diluted to about 20° Brix 
before filtration. The filter assigned to filtration of sluiced filter-cake and 
scums must be precoated before the filtration cycle starts. Such a filter 
should have at least 3—4 in (76.2—101.6 mm) spacing between leaves. 

Summary 

In summary, the correct procedure in filtration of high-density sugar 
liquors must be the following: 

(1) A clean filter must be precoated with a slurry prepared with a filtered 
liquor and new filter-aid, pumped at a sufficiently high flow rate (ca. 0.6— 
1.0 gal min"

1
 ft"

2
 of filtering area). 

(2) Pressure in the filter should not exceed 2—3 psig during the precoat 
period. 

(3) The precoated filter must be switched to the filtration cycle without 
disturbing the precoat cake. 

(4) The feed-liquor pump must be started before the precoat pump is 
stopped. 

(5) The precoat filtrate must be run into the filtered-liquor tank. 
(6) At low pressure, the filter will produce maximum flow which will 

gradually decrease with rise of pressure. The build-up of pressure must be 
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slow. The big feed valve must be closed and the by-pass valve used, permit-
ting only gradual increase in pressure throughout the cycle. 

(7) Before the end of the cycle, filtrate should be collected in the precoat 
tank for preparation of filter-aid slurry. 

(8) If there is a shortage in filtering area, the cycle must be shortened in 
order to maintain a maximum average flow. 

(9) If there is sufficient filtering area, the filtration cycle must be stag-
gered in such a way that no two filters are sluiced at the same time. It is 
sometimes more advantageous to sweeten-off the filter cake on a separate 
filter. 

(10) The filter cycle should consist of three phases; maximum flow-rate 
at low pressure; decreasing flow-rate with constant pressure; gradually 
increasing pressure and decreasing flow rate. 

(11) Maximum clarity is reached when the filter cake is sufficiently com-
pressed. 

(12) During filtration, the temperature of the sugar liquor must be main-
tained at about 80-85°C (176-185°F). 

(13) The down-time or non-productive time of a filter should not exceed 
25% of the complete cycle. 

(14) The pH of sugar liquor during filtration should be maintained close 
to neutral except for carbonatation liquors, which are much more alkaline. 

Piping 

The pipes for effluent liquor from filters should be not less than 4 in 
(100 mm) in diameter to accommodate recirculation during precoating and 
initial flow from the filter when the actual filtration run begins. 

Check Filters 

Check filtration requires much less filtering area,because refiltration of 
already filtered sugar liquor is rather easy. The purpose of the check filter 
is to assure clarity of final filtrate and to prevent the passage of break-
through insoluble particles from the process filter. The output from the 
check filter is large. Generally, a check filter can be left for several days with-
out cleaning and reprecoating. Any type of filter can be used for check filtra-
tion. 

For filtrates from granular carbon or bone-char cisterns or for check filtra-
tion in general, a new-type horizontal or vertical filter with tubular cloth 
filter elements can be used (Figs. 24.15 and 24.16). This type of check filter 
has become very popular for check filtration of liquid sugar while it is being 
pumped into a tank truck. 
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Fig. 24 .15 . Pronto check filters: (a) 10-tube filter with 42 f t2 (3.9 m 2) filtering area 
(section of shell is removed to show tubular filter elements); (b) fast-opening access door 
(courtesy of Enviro-Clear Div., Amstar Corp., Somerville, NJ, U.S.A.). 



391 

Fig. 24 .16 . Flow of liquor through a pleated cartridge replaceable-surface filter (courtesy 
of Industrial Filter and Pump Manufacturing Co., Cicero, IL, U.S.A.). 
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Chapter 25 

EVAPORATION IN REFINERY AND CRYSTALLIZATION OF 
REFINERY DECOLORIZED LIQUORS 

The decolorized and practically water-white sugar liquor effluent from 
granular adsorbent cisterns or mechanical filters has a density which varies 
between 58—65°Brix. In many refineries, this liquor is drawn directly into 
the vacuum pan in which the massecuite is boiled. The vacuum pan is a 
single-effect evaporator, which takes quite a long time to evaporate and 
crystallize comparatively light liquors. 

Advantages of Pre-evaporation 

If 60°Brix liquor is boiled in a vacuum pan to about 90°Brix massecuite, 
almost all water from the sugar liquor, or 33.3% of the weight of liquor, 
must be evaporated in the single effect. However, if before crystallization the 
liquor is evaporated to 72—78°Brix in a multiple-effect, then only half as 
much water will have to be evaporated in the vacuum pan. Pre-evaporation 
of refinery liquors in a multiple-effect is not only more economical, but it 
reduces the boiling and crystallization period in the vacuum pans, thereby 
increasing boiling capacity and saving energy. It takes approximately half the 
time to boil a refinery strike from heavier liquors as that taken for low-
density liquors. During the shorter period, less color is formed in the vacuum 
pan and less inversion of sucrose occurs. Hence, there are many advantages 
in pre-evaporating liquors before boiling a strike. Here, as in the raw sugar 
house, the Rillieux principles are applicable. But it must be remembered that 
filtrates which enter the multiple-effect in a refinery are much heavier than 
juices in a raw sugar house, and therefore much less water has to be evap-
orated, and consequently much less evaporator heating surface (HS) is 
needed. 

Evaporation of Sweet-water 

If the refinery has a large quantity of sweet-water in excess of melting and 
diluting needs, it should be evaporated in a quadruple-effect, using the first 
two cells for sweet water evaporation and the last two for evaporation of 
refinery liquors. Sweet-water can be evaporated at a higher temperature than 
finished water-white refinery liquors. When the refinery operates in conjunc-
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tion with a raw sugar house, for steam economy the filtrates to be 
evaporated can be preheated in a heater with vapors from the second body 
of the raw sugar house quadruple- or quintuple-effect, and flashed into the 
first body of the refinery double-effect. If the refinery is large and has to 
evaporate a great amount of sweet-water, using a quadruple-effect for this 
purpose, the same arrangement as described above can be made by robbing 
vapors from the sweet-water multiple-effect. 

The first body of a double effect operates under vacuum whereby the feed 
liquor is sucked in. If the evaporator has more than two effects, the first 
body will have atmospheric pressure or higher inside, and therefore it will be 
necessary to pump the feed liquor into it. 

Double-effect Evaporators 

Decolorized refinery liquors should be evaporated in a double effect in 
which the first body is operated under 14—16 in of vacuum, and therefore 
the liquor at 60°Brix will boil at about 85°C (185°F). It is also possible to 
use quadruple- or triple-effect evaporators for pre-evaporation of sugar 
liquors, but since in a quadruple- or triple-effect the first body does not evap-
orate under vacuum, sugar liquor of about 60°Brix will boil at atmospheric 
pressure or higher and at a minimum temperature of 103°C (217°F) because 
of boiling point rise (BPR). This temperature is too high for water-white 
liquors of high purity, and a certain degree of color formation occurs even 
during the short time the liquor remains in the first body of the quadruple-
or triple-effect. If the refinery is operated in conjunction with a raw sugar 
house, the vapors from the first or second cell of the quadruple- or quintuple-
effect of the raw sugar house can be used in the calandria of the first body of 
the refinery double-effect. 

Film Evaporation 

For a small refinery which does not have to evaporate sweet-water, double 
effect evaporators are most practical. The double-effect can be of conven-
tional design, or it can be a film evaporator. This can be either a horizontal 
Lillie film evaporator with horizontal steam tubes on which sugar liquor is 
sprayed in a vacuum chamber, a Kestner-type long-tube or semi-long-tube 
evaporator (Fig. 25.1), in which the film of sugar liquor rapidly climbs up in-
side the tube, or falling-film evaporator. In the Kestner-type evaporator, the 
first body requires higher pressure steam, but evaporation is accomplished 
in a shorter time. 

Falling-film Evaporators 

These evaporators are similar to Kestner evaporators, in principle, where 
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film evaporation occurs at high velocity. Downflow evaporators have 
calandria tubes of the same length as in the Kestner, i.e. 23 ft (7 m) and of 
about 1 in (25.4 mm) diameter (Fig. 25.2). The calandria is located in the 
upper part of the evaporator and decolorized liquor enters at the top of the 
evaporator, flowing downwards through the long tubes. The mixture of 
evaporated liquor and vapors is drawn into the following body, which may 
not have heating elements but has a higher vacuum, where the liquor flashes 
and the vapors separate from the liquor. The third body, which is connected 
to the condenser, has approximately 26 in vacuum, and the liquor from the 
second body entering the third body, which has no heating elements either, 
flashes again, but with a lower velocity, and there is complete separation of 



396 

Fig. 25 .2 . Schematic diagram of a falling-film double-effect evaporator as used in the 
Tirlemont Refinery, Belgium (courtesy of Leon Sué, Raffinerie Tirlemontoise, Tienen, 
Belgium). 

vapors which are entrained into the condenser. The last two bodies are called 
'separators'. The sugar liquor is cooled by flashing in evaporation. This type 
of multiple effect can be effectively used in the evaporation of liquid sugar. 

Similar evaporators can be constructed as double-, triple- or quadruple-
effects, with calandrias in every effect. The quadruple-effect will, of course, 
be most economical in terms of steam consumption. However, the triple- and 
quadruple-effects must be operated differently from the standard system. 
The decolorized liquor must first be fed into the third effect, and from there 
it will be drawn under vacuum into the fourth effect and from there pumped 
through a couple of heaters to the second effect and then again through a 
heater to the first effect, and from the first body evaporator to a flash 
cooler. After that, the evaporated liquor is pumped to the pan floor for 
boiling in the white sugar pans. The vapors from the fourth effect are pulled 
into the separator and then to the barometric condenser. This system of 
evaporation is rather complicated, but very economical in terms of steam 
consumption. The evaporated liquor has over 80°Brix (Van Treese, 1978). 
Of course, it is necessary to operate such a quadruple-effect in this way 
because of Boiling Point Elevation (ΒΡΕ). This high-density liquor cannot be 
obtained in a normal quadruple-effect. 
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Triple-effect Evaporators 

Another type of multiple-effect evaporator is the triple-effect long-tube 
falling-film-type evaporator with reverse liquor flow and no recirculation 
(Fairhurst, 1967). Each reversed calandria has a certain number of stainless-
steel tubes 30 ft long (9.1 m) and with 2 in outside diameter (50.8 mm) 18 ga. 
Of course the number of tubes will depend on heating capacity of the evap-
porator. A distributor plate and individual tube-feed nozzles in the top 
liquor chamber provide equal liquor flow to all tubes (Fig. 25.3). 

The liquor to be evaporated enters the third effect, which has the highest 
vacuum. At the bottom of the third effect the mixture of evaporated liquor 
and vapors enters a large-diameter flash tank. The vapors are drawn into the 
condenser, while the condensed liquor is pumped into the upper chamber of 
the second effect. The calandria of the second effect is heated by vapors 
from the first effect. The film-evaporated liquor from the bottom of the 
second effect flows into a flash tank, where vapors separated from liquor are 
drawn into the calandria of the third effect, but the liquor is pumped to the 
first effect evaporator, where the calandria is heated by 10 psig steam. 
After being evaporated to about 75°Brix, the liquor flashes into the flash 
tank. The vapor from this flash tank is used to heat the calandria of the 
second effect, while the liquor flows to another flash tank in which it is 
completely separated from vapors, which join vapors of the second effect, 
while the final condensed liquor is pumped to the pan floor for crystalliza-
tion. The temperature of liquor varies in the range 74.5—79.5°C (165— 
175°F) and Brix is approximately 77°. Each flash tank is equipped with 
demisters of fine stainless-steel wire to prevent entrainment. The liquor is 

Liquor ^ u t - ^ f ^ J 

Fig. 25 .3 . Sketch of liquor and vapor flow in falling-film triple-effect evaporator; system 
as used in C. and H. Crockett Refinery (courtesy of C and H Sugar Refinery Corp., 
Crockett, CA, U.S.A.). 
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transferred from one effect to another by normal centrifugal pumps. It is 
advisable to have one spare pump, which can replace any of the other three. 
The residence time of liquor in each effect is at a minimum because transfer 
pumps operate at a very low positive suction head and are not recirculating. 

In summary, the pre-evaporation of sugar liquors in a multiple-effect has 
a number of advantages. There is economy of steam. In a double-effect, 1 lb 
of steam will evaporate 1.6 lb of water from sugar liquor, while in a vacuum 
pan it will evaporate only 0.9 lb. There is better preservation of heavy and 
high-purity sugar liquors when they are not immediately crystallized (e.g. 
during week-ends); false grain formation will be avoided, which is caused by 
constant loosening and bringing together of the massecuite when low-density 
liquor is fed into the vacuum pan; less storage capacity of first liquor 
supply tanks will be required. Pre-evaporation shortens the boiling cycle, 
increasing vacuum pan capacity and also minimizing increase in color of 
liquors due to prolonged heating or high temperature of the calandria. Using 
evaporators to preconcentrate the feed liquor, and to raise its temperature 
(Chapman, 1969) is the advantageous and rational way to increase output 
and save energy. 

Straight Boiling 

After pre-evaporation, three or four straight strikes are boiled in the 
vacuum pan from filtered and evaporated sugar liquor. The first strike is 
boiled from first liquor, the second is boiled from first massecuite run-off, 
the third refinery strike is boiled from the second run-off and the fourth 
strike from the third run-off. Before run-offs are drawn into the vacuum pan, 
they are diluted to about 68—70°Brix and all crystals which remain in the 
run-off are dissolved. The run-off must be diluted before it is pumped to pan 
floor storage tanks. If run-off of higher Brix is taken into a vacuum pan, it 
must be free from any crystal. All white sugar straight strikes are boiled 
using the same procedure. The liquor drawn into the vacuum pan is evap-
orated to the supersaturation point and seeded with fondant sugar or 10X 
powder sugar suspended in isopropyl alcohol or with powdered sugar in a 
slurry made with sugar liquor. The liquor is seeded through a pipe extended 
into the downtake of the calandria. 

This system of boiling is called the 'straight strike' boiling system, the 
advantage of which is that by boiling four straight strikes, the purity of the 
liquor decreases, and less final run-off is transferred to the recovery house. 
The disadvantage of this system is the necessity to accumulate enough run-
offs to boil consécutives strikes. Also, the white sugar produced from each 
strike must be kept in separate bins. The sugar from the second straight 
strike has good enough color to be packed straight, but sugars from the 
third and fourth strikes must be blended with white sugar from the first 
strike. Then sugars from all bins are mixed proportionately, and are dried 
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together. The last refinery run-off of about 90° purity can be used for 
affining raw sugar. 

In-boiling System 

In this system, 60% of high-grade liquor is mixed with 40% run-off from 
the preceding strike. A large number of strikes can be boiled in such a way 
with practically no drop in purity. Then an 'off color' massecuite can be 
boiled to decrease the purity of final run-off, which is sent to the recovery 
house to boil remelt sugar. Of course, the final run-off of the refinery can 
be used as mingling green syrup in affination. This will help to decrease its 
purity before it is discarded for boiling high remelt sugar. 

The advantage of this system is that all the sugar produced is of about the 
same color and can be dried immediately after discharge from the white 
sugar centrifugals. It does not require many storage tanks for run-qffs, or 
bins for wet white sugar. Conversely, the purity of returned liquor to the 
remelt house will be too high, and will overload the recovery house. 

Back-boiling System 

This system of boiling was practiced when coil vacuum pans were used in 
refineries. It was advantageous to grain the strike on high-grade liquor at the 
level of the lowest coil, and build up the massecuite with run-off of the 
preceding strike. Today, when all refineries use calandria or ribbon-ring 
vacuum pans, this system is not very practical because of the difficulty in 
decreasing purities of run-offs. As in the preceding case, the last refinery run-
off returned to the recovery house has a high purity, and the remelt house 
must reduce the purity, unless an 'off-color' massecuite is boiled and the run-
off from that strike is used in affination. This system of boiling has the 
same advantages and disadvantages as the 'in-boiling' system. 

Coil Vacuum Pan 

In a coil vacuum pan, the footing for each strike can be grained on first 
liquor and built up on run-off, but in this case it is difficult to reduce the 
purity of the final run-off. First liquor taken into the pan for making footing 
makes better quality sugar boiled from run-offs. This is not a suitable 
practice to follow when massecuites are boiled in calandria vacuum pans, if 
reduction in purity is desired. 
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Growth of Sugar Crystal 

After the supersaturated liquor has been seeded, the nuclei form from 
which sugar crystals are formed and grow constantly by deposition of sugar 
molecules from the supersaturated sugar liquor onto the nucleus. The sugar 
crystals are covered with a supersaturated fluid film which feeds the crystal 
and allows its growth. The molecular deposition is slowest on the largest 
faces of the crystal, and this lowers the overall rate of growth (Powers, 
1965). When the film has given up its sugar to the crystal and becomes un-
saturated, the growth of the crystal stops. 

The uniformity of growth is affected by variation of concentration 
which may occur around the crystal faces even with mother liquor of high 
purity (Powers, 1965). For crystallization to continue, it is necessary for 
sugar from the mother liquor to diffuse constantly through the film to the 
crystal, maintaining the film in a supersaturated state. In order to prevent 
resistance to diffusion, the film must be kept very thin. This is achieved by 
vigorous circulation of massecuite in the vacuum pan to maintain relative 
speed between crystal and mother liquor. If the growth of the crystal is 
rapid, but the circulation is not efficient, there will be a greater tendency for 
inclusions to occur and the malformation and conglomeration of crystals 
(Powers, 1965). 

Vacuum Pan 

To obtain uniform and well-defined crystals, free from false grains and 
conglomerates, the vacuum pan must be streamlined, and the heating surface 
must be sufficiently large to produce good circulation. The liquor must 
always cover the upper tube-sheet of the calandria (when the vacuum pan is 
of that design), or it must cover the lower coils if it is a coil vacuum pan. 
The height of the strike should not exceed the diameter of the vacuum pan. 
In a coil pan, the height of the strike is governed by the height of the upper 
coil. 

Circulation 

The crystals in refinery massecuite, because of high purity and absence of 
non-sugar solids, grow as fast as the water evaporates, and in order to be free 
of conglomerates must be kept in constant movement. The flat heating ele-
ments in horizontal- or ribbon-calandria vacuum pans cause much less re-
sistance to the circulation of massecuite than calandria tubes through which 
massecuite has to flow upward. The circulation will be better using a large 
temperature difference over a small heating surface than with a small 
temperature difference using a large heating surface (Lyle, 1950). A greater 
differential is achieved in a coil or ribbon-ring vacuum pan where pressure of 
steam is high and heating surface is relatively small. The horizontal Fives— 



401 

Cail—Babcock vacuum pan or a Webre mechanical circulator will produce the 
desired circulation. 

Boiling Procedure 

The boiling procedure of white sugar massecuites is more or less uniform. 
The evaporated liquor is drawn into the vacuum pan, and when the heating 
surface is covered, the steam valve is opened and vacuum raised, when 
evaporation begins. The liquor taken into the vacuum pan must be about 6 in 
(15 cm) above the heating surface when the liquor has been evaporated to 
the point of supersaturation and is ready to be seeded. The proper moment 
for seeding is determined by instruments, or by stretching a string of evap-
orated liquor between thumb and index finger to ca. 1.5—2 in (4—5 cm) 
without breaking it. More uniform massecuites can be boiled in a vacuum 
pan equipped with a supersaturation indicator, automatic water control to 
maintain desired vacuum, and an instrument for measuring mobility of 
massecuite, than in a vacuum pan lacking instrumentation. 

Webre (1963) has recommended seeding with 1 lb of 10X sugar powder 
for each 1000 ft

3
 of finished massecuite (1 kg per 62.3 m

3
) to produce fine 

granulated sugar. The amount may vary according to the grist of powder and 
the desired size of crystal to be produced. The powder should be introduced 
when supersaturation has reached about 1.25, and just prior to seeding, 
steam should be throttled down to maintain only a slight ebullition. When 
crystals are established and start growing, the supersaturation will decrease 
slightly. At this moment, the steam can be increased very slowly, and care 
must be taken not to increase supersaturation above 1.40. The operating 
zone is between 1.25 and 1.40 supersaturation, and after grain has been 
established the boiling must be maintained in this zone (Spencer and Meade, 
1945). Webre (1963) has also recommended maintaining a fixed vacuum at 
25 in until the graining operation has been completed. 

As soon as supersaturation reaches 1.40, the vacuum must be decreased 
to 22 in by adjusting the automatic vacuum control, or decreasing water to 
condenser by hand valve. If necessary, a slight amount of warm water can be 
fed into the pan, just enough to hold the indicated supersaturation within 
the safe limit of 1.40 until the footing begins to 'come together'. Super-
saturation of 1.40 can also be maintained by reducing the rate of evapora-
tion by dropping the steam pressure. When supersaturation begins to 
decrease, the steam pressure can be increased gradually until it is on full, and 
vacuum can be raised up to 26 in, if desired, but at the rate of 1 in every few 
minutes. 

Full Seeding 

In the full seeding system of boiling, the liquor is grained at 1.10 super-
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saturation with varying amounts of sugar powder, with grist depending on 
what final grade of refined sugar is desired. 

Another method is that similar to boiling a footing strike, described in 
Chapter 19. If the massecuite is boiled from evaporated sugar liquor, then, 
after the crystal has been established and feeding of the strike begins, the 
first drink must be a light liquor, which can be taken from the evaporator 
supply-tank. The first drink will loosen the massecuite and separate crystals, 
dissolving all false grains formed during the seeding period. Then the strike 
must be tightened and fed continuously or intermittently with evaporated 
sugar liquor. The massecuite should not be boiled very tight nor very loose. 
If boiled too loose, there will be formation of false grain in the voids 
between crystals. If the massecuite is too tight, the crystals cannot move 
freely, and conglomerates and twins will form. Also, if the massecuite is 
boiled far above the heating surface, the circulation decreases and crystals 
start to roll and form conglomerates. 

The procedure of boiling second, third and fourth refinery massecuites is 
the same as for the first one. Sometimes the sugar from the fourth masse-
cuite is remelted, when its color or general appearance is not satisfactory. 

The crucial period in boiling refinery massecuite is when the massecuite is 
tightened and brought together. At that moment, false grain may appear, 
because, as the massecuite evaporates, the supersaturation of the mother 
liquor increases faster than the crystal can absorb the sucrose made available. 

Increase of Temperature 

Raising the temperature of the massecuite before discharge from the 
vacuum pan can be adopted as standard procedure, hardening the crystals, 
and dissolving the false grains, thus improving purging of the massecuite. 
This is done by lowering the vacuum for 5 min before dropping of the 
massecuite. 

Tate and Lyle Boiling System 

Tate and Lyle Ltd. developed a heavy boiling system in which purity 
of sugar liquor is reduced in three strikes because of unusually high crystal 
yield in each strike (Lyle, 1950). In this system of boiling, a special type of 
vacuum pan with ribbon-rings or spiral heating elements is necessary. Also, 
a special arrangement to lubricate the finished massecuite with high purity 
sugar liquor for easier discharge and purging must be installed. 

In heavy boiling, after normal boiling of massecuite is considered finished, 
boiling is continued for ca. 15 min, until a crust forms over the whole mass 
within a foot of the heating surface. At this point, steam is shut off and 
heavy saturated liquor (ca. 200 gal per 100 ft

3
 of heavy massecuite) is run 

into the vacuum pan to dilute and lubricate the massecuite. This system of 
heavy boiling gives approximately 70% crystal yield. 
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Boiling Coarse Sugar 

If a very coarse refined sugar must be boiled, the strike must be cut as in 
the raw sugar system of boiling. Half of the strike can be cut into a vacuum 
crystallizer or another vacuum pan. The strike must be boiled loose and from 
time to time tightened and loosened again, dissolving small crystals and pre-
serving only large ones. One footing will yield two full strikes. 

Boiling Hard Sugar 

In the Adant process, or in the production of tablets of pressed sugar 
which must be sparkling and hard, the massecuite is boiled from low-density, 
doubly-decolorized, absolutely water-white liquors of about 58—60°Brix. 
The pH of sugar liquor must be adjusted to 7.0 and seed is not used. The 
crystals must be of uneven sizes to increase the brilliancy, and for hardness 
the strike is usually boiled at a high temperature. The boiling begins at about 
85°C (180°F) and the strike is dropped at about 105°C (221°F). 

Preheating Feed Liquor 

No matter what system of boiling is used, the feed liquor must be pre-
heated within 3—6°C (5—10°F) of the temperature of the massecuite, to 
prevent overheating or cooling of the massecuite in the vacuum pan and 
affecting supersaturation (Fig. 25.4). It is advisable to have a small feed tank 
for each vacuum pan equipped with closed heating coils and a small agitator. 
The liquor can be rapidly preheated in the small tank to the desired tempera-
ture with a small heating surface. It is neither practical nor advisable to have 
heating coils in the large supply tank, because it is not necessary to heat the 
whole bulk of liquor, which may not be used immediately. If high-purity, 
low-color liquor is heated for any length of time, coloration and inversion 
may occur. However, liquor supply tanks should be provided with perforated 
coils for compressed air, and the liquor should be agitated from time to time. 

Purging White Sugar Massecuites 

All white-sugar massecuites are purged in batch centrifugals (Figs. 25.5 
and 25.6), because the crystal should not be fractured or damaged in any 
way. To date, continuous centrifugals have not been developed to the point 
where they can be used for purging refined sugar, unless the sugar is destined 
for manufacture of liquid sugar and must be melted. 

Cleaning Run-offs 

Before dilution, all run-offs can be screened on fine mesh screen or 
filtered to separate the solid phase, which is then melted, and this high-
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Fig. 25.4. Drawing showing a method of preheating feed liquor before it is drawn into the 
refinery vacuum pans. 

purity melt is used as high-purity feed liquor in one of the refinery strikes. 
The screened run-off has a lower purity. Generally, the run-off from the last 
refinery straight strike has an apparent purity of about 86—90°, if there is no 
inversion. 

Run-off for Affination 

In a refinery where only white sugar is produced, the last refinery run-off 
can be used in the affination station as a mingling syrup. Some refineries 
use it to produce soft sugars, or it can be diluted and filtered through 
granular adsorbents or treated with powdered activated carbon and used 
again in boiling. 
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Fig. 25.5 . Asea-Landsverk—Weibull fully-automatic centrifugal for refined sugar (courtesy 
of ASEA—Weibull, Sweden). 

Distribution of Feed Liquor 

The feed liquor must be distributed near the bottom of the vacuum pan 
from several inlets in order to produce a good mix with the massecuite 
before it reaches the surface. If the liquor is fed only in one spot, it may 
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Fig. 25.6 . A battery of 10 fully-automatic white sugar centrifugals at Gorlev Sugar 
factory, Denmark (courtesy of Asea—Weibull, Sweden). 

form a pocket of low density, and liquor will rise to the top of the masse-
cuite and be entrained by vacuum into the catch-all. 

Crystallizer for Refinery Massecuite 

Some refineries use the Lafeuille crystallizer to exhaust the fourth 
refinery run-off and to give higher crystal yield. When the massecuite is 
brought together and is ready to be discharged from the vacuum pan, the 
steam valve and the water valve to the condenser are closed, thus allowing 
temperature of the massecuite to rise for a few minutes. The increased tem-
perature of massecuite melts all false grain in the mother liquor formed 
during bringing the mass together, and then the massecuite is dropped into 
the Lafeuille revolving crystallizer, where it remains for ca. 5 h without 
forced cooling. The temperature drop is very small, but sufficient to main-
tain the massecuite in a supersaturated state in the metastable zone, and the 
crystals of this strike grow and the mother liquor becomes more exhausted. 
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In a few hours, the temperature of the massecuite descends to the tempera-
ture at which it was brought together, and the massecuite is purged in the 
normal way. 

Circulators 

There are various opinions among refiners about the efficacy of mechan-
ical circulators. Lyle (1950) believes that an impeller produces false grain, 
while others will not boil a white sugar strike without a mechanical circu-
lator. If a vacuum pan boils sluggishly, installation of a mechanical circulator 
will enable production of better quality sugar in a shorter time. 

Steaming Vacuum Pan 

Between each strike the vacuum pan must be thoroughly steamed, and 
any lumps of massecuite remaining in it must be completely dissolved, to 
prevent appearance of a second crop of crystals after the liquor has been 
already seeded. If a vacuum pan has circulation louvers, special attention 
must be paid to ensure that no lumps of massecuite remain on the louvers 
when the next strike begins. 

Rust Formation in Vacuum Pan 

In steel evaporators or vacuum pans, the vapors cause formation of rust 
which may contaminate evaporated liquor or white sugar massecuite. For 
permanent rust prevention, catchalls should be nickel- or stainless-steel-clad. 
Rust formation in steel catch-alls can be prevented also by coating baffles 
and mild steel exposed to vapors with either baked-on plastic material or one 
of the various epoxies. 

Steam Requirement 

In a normal refinery operation, production of 100 lb of refined sugar 
from raw sugar requires 140—200 lb of steam (140—200 kg per 100 kg of 
refined). Of course, the amount required depends on efficiency of the steam 
boilers and the refinery operation, and whether the liquor is evaporated in a 
multiple effect prior to the boiling in a vacuum pan. 
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Chapter 26 

DRYING, COOLING, 
REFINED SUGAR 

CONDITIONING AND BULK HANDLING OF 

Drying and Cooling 

The first step in drying refined sugar is to separate the dry and liquid 
phases of refinery massecuites in batch centrifugals. The liquid phase, or 
'run-off, is diluted and returned for reboiling, and the dry phase of the 
massecuite, after discharge from the centrifugal, is dried, screened, granu-
lated and conditioned, or pressed into tablets or cubes and dried. 

The refined sugar discharged from centrifugals is quite wet, containing 
1—2% moisture. Unless this moisture is removed, the wet sugar will rapidly 
deteriorate and be attacked by bacteria. Moisture is removed from solid 
material by evaporation, and sufficient heat is needed to transform the liquid 
into vapor. The moisture is evaporated from wet sugar at atmospheric 
pressure by convection drying, in which heat is transferred to the material 
by air which is both the heat-carrying and the moisture-removing medium. 
Convection drying using preheated air is, in reality, a heat conversion 
process, in that the sensible heat in the air is converted into the latent heat 
of vapor which in turn becomes a component part of the circulated air 
(Victor, 1944). 

The drying of refined sugar consists of two stages: 
(1) removal of unbound moisture; 
(2) removal of excess bound moisture. 

Unbound Moisture 

Unbound moisture, which is the free moisture surrounding the crystal, 
is removed in dryers, leaving a final surface moisture content of 0.02—0.03% 
(Fig. 26.1). Additional, but very limited, evaporation and drying takes place 
in the cooler. 

Bound Moisture 

In addition to unbound moisture, the sugar crystal contains moisture 
bound within the crystal. It has been demonstrated by Powers (1956) that 
the excess of bound moisture will diffuse, over a period of time, from the 
crystal after it has been conditioned until equilibrium with the moisture in 
the atmospheric air is attained. The slow diffusion of moisture from within 
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the crystal causes caking and difficulties in handling refined sugar in bulk. 
The excess of bound moisture is always higher in conglomerated sugar and 
sugar crystals containing invert in the surface film, and for that reason the 
correct practice of boiling and crystallization of refined sugar is very impor-
tant. 

m(

e
/ . ) 

CURVE I : Laboratory equ i l i b r ium curve tor a pure sugar thoroughly dried and placed in contact w i th 
moist air at constant temperature (Source R.T. ) 

CURVE 2 : Ca lcu la ted equ i l i û r ium curve for a sugar of 99.95'/ . pur i ty ( Source A.B.R. Engineering ) 

Fig. 26 .1 . Equilibrium curve for a pure sugar thoroughly dried (courtesy of A.B.R. 
Engineering, Bruxelles, Belgium). 

Removal of Unbound Moisture 

Unbound moisture is removed from sugar in dryers and coolers which are 
generally called 'granulators', because in them crystals are separated from 
each other. The maximum of moisture is removed in the dryer by blowing 
hot air through a curtain of cascading sugar or through a moving bed of wet 
sugar. The drying period is very brief and the residual layer of mother liquor 
does not have time to crystallize to keep pace with surface evaporation. 
Before the water molecules can escape from the inner liquor, a glaze may 
form and temporarily seal in the inner liquor. The layers of liquor under-
neath the glaze can lose water molecules only by diffusion, which is a 
relatively slow process (Powers, 1965). 

The dried sugar is too hot to be bagged or stored immediately and must 
first be cooled to a convenient temperature so as not to set and cake after it is 
bagged. Therefore, drying is followed by cooling, which can be done either 
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in a separate drum or in the same one. In the cooler, cool or ambient-
temperature air instead of hot air is blown through the sugar to remove 
remaining traces of unbound moisture and to bring the temperature of the 
sugar as close as possible to the temperature of ambient air. 

Granulators 

There are several types of granulator used in the sugar industry, different 
features of which appeal to different refiners according to their individual 
needs. The size and capacity of the dryer and cooler will be determined by 
the amount of sugar to be dried and by the initial moisture of the sugar. 
Increased moisture of input sugar will decrease granulator capacity. 

One well-known dryer of the oldest type is the Standard—Hersey 
granulator (Fig. 26.2), which consists of a rotary dryer and a rotary cooler 
drum. To utilize gravity flow through the system, the dryer is installed 
above the cooler, the two sloping in opposite directions. The drying air is 
heated by a heater unit (Fig. 26.3) consisting of finned steam heating coils 
built into the housing with inlet and outlet manifolds, steam traps and a 
pressure gauge. A variable-speed screw feeder charges the wet sugar into the 
dryer. The sugar is discharged from the dryer into the cooler through a 
gravity feed chute. The operating temperature of the dryer is automatically 
controlled by instrumentation which regulates the flow of steam to the 
coils for heating the air. The drying air is removed from dryer and cooler 
drums by exhaust fans driven by an electric motor through V-belts. 

The sugar is dried by passing warm air countercurrently through the 
curtain of cascading sugar as it falls from saw-tooth lifter flights inside of 
the rotating shell of the dryer. The process in the cooler drum is similar, but 
the air is of ambient temperature or pre-cooled. The drum diameter is 6—7 ft 
(1.8—2.1 m), but the length is variable, ranging from ca. 23 to 35 ft 
(7.0—10.6 m). In normal operation the granulator drums can rotate at ca. 
8—13 r.p.m. The ratio of air to sugar in the dryer is ca. 14—18 ft

3
 lb"

1 

(0.87—1.12 m
3
 kg"

1
). The temperature of the air entering the dryer can be 

from 104—132°C (220—270°F) depending on the size and moisture content 
of the crystals. 

The sugar remains in the dryer drum for ca. 10 min and the temperature 
of the air leaving the dryer is ca. 45—52°C (113—125°F). The sugar leaving 
the dryer may vary in temperature from 52—66°C (125—150°F). The air 
flow to the cooler is ca. 5—8 ft

3
 lb"

1
 (0.31—0.48 m

3
) of sugar, or about one 

half to one third as much as in the dryer. The temperature of sugar leaving 
the cooler is between 43 and 54°C (110—130°F). The dust from the 
Standard—Hersey granulators is withdrawn on the feed side of the dryer and 
cooler. 
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Fig. 26 .3 . Portion of a Standard—Hersey dryer showing heating radiator (courtesy of 
Standard Steel Corp., Los Angeles, CA, U.S.A.). 

Large-grained and brilliant sugar can be dried in a short-fall honeycomb-
segment dryer (Fig. 26.4), with cellular internal flights which restrict the 
distance of crystal fall during the drying period to preserve gloss and sharp-
ness of the crystal. 

Roto-Louvre Granulator 
The Roto-Louvre granulator (Link Belt) is a single drum in which the 

moving bed of sugar is dried and cooled by hot air entering the granulator 
through louvres and passing through the sugar bed from underneath. The 
sugar moves forward in a mass, gently agitated by the revolving of the drum. 
The sugar is carried by the drum until the angle of repose is passed, and then 
rolls back upon its own bed in a continuous movement. The amount of air 
to the sugar bed is regulated by the sloping inner shell. Because of this 
design, the sugar bed is thinnest at the feed and gradually deepens toward 
the discharge end. Therefore, the maximum amount of hot air passes through 
the sugar bed at the inlet end where sugar is wettest, and maximum evapora-
tion occurs there. As the sugar moves toward the discharge end, the sugar 
bed becomes thicker and resistance to the passing air increases. Therefore, 
the relative volume of hot air decreases progressively, eliminating the pos-
sibility of the sugar overheating. The hot air, cooled by giving up part of its 
thermal energy in drying the sugar, is exhausted at the discharge end of the 
granulator and the sugar dust is removed with the exhaust air. The depth of 
the sugar bed in the Roto-Louvre granulator must be maintained in such a 
way that it will create resistance to the drying air. If a breakthrough occurs, 
the feed must be increased. 

Fig. 26.2 . Drawing showing installation of Standard—Hersey dryer and cooler (courtesy 
of Standard Steel Corp., Los Angeles, CA, U.S.A.). 



416 

Fig. 26.4 . Honeycomb segment short-fall dryer (courtesy of Standard Steel Corp., Los 
Angeles, CA, U.S.A.). 

If the crystals are sufficiently large, the drying and cooling of sugar can be 
achieved in a single drum, because temperature of the drying air does not 
need to be very high. However, if sugar to be dried is fine or extra fine, 
hotter air for drying is needed and it is difficult to discharge the sugar with 
sufficiently low temperature for direct bagging. It should be cooled in 
another drum, preferably by ambient air instead of heated air. Hence, 
generally speaking, a cooling drum is advisable. The dryer should never be 
stopped while loaded with sugar, even when steam to the heating elements is 
turned off. When the sugar is not in motion, contact with the hot metal of 
the drum will produce caramel, which will chip off when rotation of the 
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dryer is resumed, contaminating the sugar. In the Roto-Louvre, appearance 
of these caramel specks is very pronounced. When the granulator is not 
revolving, the sugar seeps through the louvres to the hot shell of the dryer 
and caramelizes, and when rotation is resumed more sugar sticks to the still 
soft caramel, eventually forming caramel balls rolling inside the granulator 
and increasing in size. When this happens, the granulator must be complete-
ly liquidated and thoroughly washed before drying can be resumed. 

BMA Granulator 
BMA builds granulators in which the drying and cooling drum form a single 

unit (Fig. 26.5). The drum has a trickling arrangement by means of which 
the sugar is equally distributed over the entire cross-section of the drum and 
is constantly shifted, but the fall of crystals is very short. The hot drying air 
moves concurrently with the sugar, while the cooling air travels counter-
currently to the discharging sugar. Drying and cooling air are withdrawn to-
gether through the central chamber to a dust collector, where dust is sep-
arated from the air in a combined dry and wet dust separator. The sugar dust 
is dissolved and returned into the process. This granulator applies concurrent 
drying to avoid the carrying of dust by drying air to meet wet input sugar to 
which dust may cling, dulling the crystal. Approximately 4 lb of steam are 
required to dry 100 lb of sugar. 

Fig. 26.5 . BMA granulator with drying and cooling section in one unit (courtesy of BMA, 
Braunschweig, G.F.R.). 
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Buckau—Wolf Granulator 
Buckau—Wolf rotary dryers and coolers for sugar are similar to BMA 

granulators (Fig. 26.6) and are not, therefore, described here. 

Fig. 26.6. Buckau—R. Wolf dryer and cooler granulator (courtesy of Buckau—R. Wolf, 
Grevenbroich, G.F.R.). 

Biittner Dryer 
The Biittner Turbo-Tray differs from other granulators in that it consists 

of a reduced-size rotary pre-dryer mounted above a vertical cylindrical shell 
containing rotating trays on which the sugar is spread (Fig. 26.7). Wet sugar 
from the centrifugals is fed to the pre-dryer where constant agitation and 
cascading prevent agglomeration. Counter-current hot air pre-dries the sugar 
to ca. 0.2% water content. While the sugar crystals are still sufficiently wet, 
there is little danger of damaging them by agitation. But when the moisture 
content falls below 0.2%, the crystals become more fragile and less resistant 
to abrasion and mechanical damage. For this reason, further drying is done 
in the turbo-tray section where the sugar is handled very gently. 

From the rotary pre-dryer the sugar is discharged by gravity onto the 
uppermost of the rotating horizontal trays. After one revolution, a flexible 
scraper arm pushes the sugar to the next tray 6 in (15 cm) below through 
radial slots. This operation is repeated until the sugar has passed the entire 
series of trays. An adjustable leveling arm spreads the sugar in a layer of uni-
form thickness on each tray. 
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Fig. 26.7. The Biittner Turbo-Tray dryer—cooler with rotary pre-dryer above (courtesy 
of Biittner Works, Krefeld, G.F.R.). 

Internal drying air circulation is effected by turbine-type blowers 
mounted on a common vertical shaft in the center of the turbo-tray section. 
The number of r.p.m. of the rotating tray system, adjustable by a PIV drive, 
determines the time of the sugar's passage through the dryer. 

The fresh cooling air inlet is at the bottom of the tray system. Drying air 
for the pre-dryer is heated by a steam heat exchanger located at its discharge 



420 

housing. The exhaust air from the pre-dryer is withdrawn through a duct to 
the upper or drying zone of the turbo-tray section. The moisture-laden 
exhaust air is removed by a fan. Drying and cooling zones are separated by 
an intermediate horizontal partition. 

With this method of drying, the exhaust air is virtually dust-free, 
requiring no dust collector. The Biittner Turbo-Tray dryer—cooler is 
particularly suitable for processing and drying extra-fine sugar. The turbo-
dryer unit can be designed for drying only, for combined drying and cooling, 
or for cooling only. 

Insufficiently-dried Sugar 

If the sugar leaving the granulators is still wet, there are several possible 
remedies: 

(1) Increasing the size of the crystals while boiling will result in faster 
drying. 

(2) The drying cycle of white sugar centrifugals may be lengthened to dry 
the sugar more before discharge, and the lower initial moisture of the sugar 
will increase the capacity of the granulator. However, the drying cycle 
cannot be extended beyond a certain point without encountering difficulties 
in plowing the sugar from the centrifugal. Generally, it is possible to dis-
charge white sugar from the centrifugal without undue difficulty at 0.75— 
1.0% moisture. 

(3) The temperature of the drying air can be raised to increase the granu-
lator's capacity. However, excessive heat may affect the quality and color 
of the sugar, and it will be difficult to cool the sugar to a temperature suit-
able for bagging or storing the sugar in bulk. 

(4) Increasing the volume of air blown through the granulator and cooler 
may improve drying, but excessive velocity of air should be avoided, because 
too much sugar may be carried with the dust to the dust collector. 

No matter what type of granulator is used, removing the moisture below 
the relative equilibrium humidity of stored sugar is not recommended. If 
the sugar is overdried, it will reabsorb moisture upon cooling from the 
ambient air until it reaches equilibrium. 

Granulated sugar can be bagged rather hot in cotton bags where it can 
'breathe' through the porous material and come gradually to an equilibrium 
with the ambient atmosphere. But, if hot sugar is bagged in paper bags, and 
if it sets, it will remain caked, especially when stacked high in the warehouse. 

Dust Collector 

The most practical of all dust collectors is Roto-Clone, which can be 
installed with almost any type of granulator. The 'W' Roto-Clone combines 
the functions of exhauster and dust separator. One of the important features 
of Roto-Clone is a water sprayer which traps dust particles with a flowing 
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film of water. The sweet-water from the Roto-Clone can be recycled until 
desired Brix is reached. The 'W Roto-Clone has the performance character-
istics of a forward-curved blade fan and the operating range of a medium 
pressure exhauster. 

Air Filter 

The air drawn into a granulator should pass through an air filter before it 
reaches the heating elements in the granulator. 

Granulator Screens 

At the discharge end of a rotary cooler a 10 or 14 mesh screen is generally 
installed, ca. 5 ft wide, which separates large lumps or agglomerated 
large crystals. This unscreenable sugar flows over the screen and is dis-

Fig. 26.8. Thermal Disc Processor for additional cooling and conditioning of granulated 
sugar. Cold water is circulated in the hol low discs (courtesy of Bartlett—Snow—Pacific, 
Inc., San Francisco, CA, U.S.A.). 
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charged into one section of a divided bin, from which it flows into a melter 
with circulating sweet-water from the dust collector. 

Additional Cooling 

The sugar which passes through the screen falls into another section of the 
bin and is either transported by belt conveyor to a storage bin or subjected 

Fig. 26 .9 . Rotex screeners: (a) Model 54-San, for classification of refined sugar. There are 
four screen surfaces separating materials into five grades. This screener is widely used in 
sugar refineries; (b) Model 803-San installed at Amstar Refinery. (Courtesy of Orville 
Simpson Co., Cincinnati, OH, U.S.A.) 
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to an additional cooling treatment in a Holoflite screw conveyor (produced 
by Western Precipitation, a Division of the Joy Manufacturing Co.) or in a 
Thermal Disc Processor (Fig. 26.8) (Bartlett—Snow—Pacific, Inc.). 

Thoroughly cooled refined sugar can be classified on a Hummer or Rotex 
screener (Fig. 26.9), or a Sweco Separator (Fig. 26.10). For appearance of 
granulated sugar, it is advantageous to screen and classify it according to 
crystal size. Caking of sugar is influenced by size of the crystal. Small 
crystals with a high percentage of sugar dust will cake more readily than 
large uniform crystals which have a smaller total surface area. This indicates 
the importance of screening and classifying refined sugar. 

Fig. 26 .10 . Sweco Separator for classification of dry sugar or for screening liquids 
(courtesy of Southwestern Engineering Co., Los Angeles, CA, U.S.A.). 

Magnetic Separator 

If granulated sugar is contaminated with iron specks, they can be removed 
by permanent magnets before the refined sugar is bagged or stored in silos. 

Conditioning and Handling 

Conditioning of Sugar 

In general, conditioned sugar may be defined as sugar whose moisture 
content is at equilibrium with the water vapor in the atmosphere sur-
rounding it (Schwer, 1964). 
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The purpose of conditioning is to produce a free-flowing granulated sugar 
which will not cake or harden in storage. It is difficult to condition sugar 
well, when the white sugar has been badly boiled and contains a large 
percentage of conglomerated crystals. Hence, the first task is to boil sugar 
free of conglomerates. Some authorities claim that a circulator in a vacuum 
pan considerably improves the quality of sugar, and the percentage of con-
glomerates decreases notably. 

For thorough conditioning of sugar to be stored in bulk or in bags, drying, 
cooling and granulation alone are not sufficient. As mentioned above, sugar 
crystals contain an excess of moisture, the behavior of which may affect 
the future condition of granulated sugar. Dry sugar tends to approach 
equilibrium with the ambient atmosphere and establishes an air-humidity 
balance in a relatively short time. It was stated in the previous chapter that 
each individual crystal is surrounded by a very thin film of syrup, and the 
hygroscopic behavior of the crystal depends on this film. The moisture con-
tent of the crystal at equilibrium depends on the purity of the sugar and rela-
tive humidity of the ambient air. If the vapor pressure of the air is higher than 
that of the syrup film surrounding the crystal, the sugar will absorb moisture 
until the two vapor pressures equalize. The presence of impurities within the 
crystal decreases its vapor pressure and renders sugar more hygroscopic. For 
this reason, conglomerated crystals are more hygroscopic than well-defined 
single crystals. 

In silos or storage bins, the excess of bound moisture in the crystal must 
be removed. This is accomplished by blowing air through the whole bed of 
granulated sugar. This air has a relative humidity in which the vapor pressure 
is lower than that in the sugar itself. Dehumidified air accelerates condi-
tioning of the sugar. The relative humidity of the circulating air should not 
be higher than 60%, and ideal conditioning temperature is 48.9—54.4°C 
(120—130°F). The air for sugar conditioning can be dehumidified and cooled 
in the 'Kathabar' system (Mahoney and Reed, 1960) in which the outside 
air comes in contact with a solution of Kathene (LiCl) capable of removing 
moisture from the air in amounts depending on the concentration and tem-
perature of the solution. Kathene increases its absorbing capacity at lower 
temperatures. The Kathene solution is non-toxic, does not vaporize and 
purifies the air. Air entering the Kathabar system containing 120 grains 
of water vapor per pound of dry air will leave the system with only 26 grains 
if the air is not recycled. 

Whether granulated sugar has to be bagged in small or large packages, or if 
it has to be shipped in bulk, it is a good idea to pass all granulated sugar 
through silos where it will be conditioned. Silos offer a great advantage 
over old-fashioned warehouses for bagged sugar. The well-preserved refined 
sugar is available at any time for any kind of packaging. 
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Silos for Granulated Sugar 

In silos, the granulated sugar is sprayed on top and withdrawn at the 
bottom for bagging or shipping in bulk. As it travels downward in the silo it 
is subjected to conditioning, and once it is bagged it will remain fluid and 
will not cake. There are many manufacturers of silo, and many different 
types of silo built of different materials. 

Concrete Silos 
The German firm of Lucks and Co. sells information and engineering 

services. The silos which they design are towers of reinforced concrete, ca. 
65 ft (19.8 m) or more in diameter, and can hold about 10 000 tons of 
finished sugar (Fig. 26.11). If larger capacity for storage is required, several 
silos can be installed. If they are clustered, they can have a common air-
conditioning plant and elevator (Fig. 26.12). The inside walls of the silos are 
smooth and painted with a waterproof paint, or are lined with wood or some 
other suitable material. 

Weibull Silo 
The Weibull silo, originating in Sweden, is a round tank of about 115 ft 

(35 m) inside diameter by 82 ft (25 m) high (Mayoral and Cruz Vargas, 

Fig. 26 .11 . Lucks and Co. silos for storing and conditioning of granulated sugar (courtesy 
of Lucks and Co., Braunschweig, G.F.R.). 
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1962). This silo will hold 20 000 tons of granulated sugar. In the center of 
this silo is a tower about 12 ft (3.6 m) in diameter. A revolving bridge 
constructed of steel and supported by the central tower and the outside 
walls carries an adjustable scroll which is moved up or down with the sugar 
level. It is reversible in direction and can be used to level off the sugar out-
wards when filling, or to push sugar into the central tower. The bridge 
rotates at a rate of 2 r.p.h. The sugar is lifted, by a bucket elevator located 
in the central tower, onto a reclaiming belt conveyor. The silo is fed with 
sugar sprayed from two disks rotating at 150 r.p.m. which revolve with the 
bridge. The air is circulated through the floor, walls and the roof and then 
through a circular duct in the central tower provided with a fan and recircu-
lated back to the floor. An automatic dehumidifier maintains the relative 
humidity of the air circulating inside of the silo at 65—70%. This humidity 
in the silo is maintained partly in order to lessen dust and for dissipation of 
static charges, and air is controlled at 30°C (86°F). 

ABR Silo 
ABR silos vary in capacity from 13 000 to 65 000 t. The largest silos are 

172.4 ft (52.57 m) in diameter and 106.9 ft (32.6 m) high. Silos of 25 000 

Fig. 26 .13 . ABR 25 000 t sugar silo at the Nordstemmen factory, G.F.R. (courtesy of 
ABR Engineering, Bruxelles, Belgium). 
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and 65 000 t capacity are shown in Figs. 26.13 and 26.14. These silos are 
welded steel shells painted inside with a foodstuff-quality epoxy paint. 
A mini-boiler (2 Χ 106 kcal h _1 ) supplies hot water, which circulates through 
the heating pipes fixed to the shell and roof of the silo. The whole silo is 
insulated with a layer of rock wool covered with aluminium sheets (Fig. 
26.15). 

Refined sugar dried in granulators is delivered to the silo by belt con-
veyor enclosed in a steel enclosure connected to the top of the silo's central 
column (see Fig. 26.14). To prevent abrasion and damage to crystals, the 
sugar is discharged into a rotary distributor which feeds zig-zag chutes for a 
gentle drop of sugar. In the silo, sugar is spread by a rotating beam fitted 
with deflector plates and suspended by a rope system from a drive structure. 
This structure turns about the central column and houses the control mecha-
nisms for rotating, raising and lowering the beam. The sugar is reclaimed by a 
lower scraper beam which rotates in the opposite direction and brings the 
sugar back through reclaiming chutes to a vibrating feeder at the bottom of 
the silo. The sugar is unloaded from the silo by means of a bucket elevator. 
Characteristics of circulating air and the temperature to be maintained in the 
silo was determined from the air-sugar equilibrium curves. 

Fig. 26 .14 . ABR 65 000 t sugar silo at the Wanze factory, Belgium (courtesy of ABR 
Engineering, Bruxelles, Belgium). 
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Fig. 26 .15. Sectional view of the ABR silo: (1) steel silo; (2) aluminium clad insulation; 
(3) heating-water piping; (4) central column; (5) rotating beam; (6) distribution beam; 
(7) lifting mechanism; (8) rotating mechanism; (9) drive housing; (10) tubular housing for 
conveyor; (11) concrete tunnel; (12) personnel lift (optional); (13) feed conveyor; 
(14) channel distributor; (15) staggered channels; (16) feed openings; (17) reclaim 
openings; (18) feed chutes; (19) vibratory extractors; (20) elevator; (21) main duct; (22) 
air ducts; (23) air distribution channels; (24) distribution filters; (25) reclaim openings; 
(26) return air ducts. (Courtesy of ABR Engineering, Bruxelles, Belgium.) 

Density of Sugar 

The bulk density of refined sugar is approximately 50—55 lb ft"
3
 (800— 

881 kgm"
3
). 
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Chapter 27 

REMELT 

The maximum sugar must be recovered in the remelt station of the 
refinery from liquors remaining from boiling white sugar and used in affina-
tion. The recovery sugar is used for production of additional refined sugar 
and well-exhausted refinery blackstrap. From 10 to 15%, and occasionally 
more, of the original solids in melt must be handled through the recovery 
system. This amount of sugar is an important quantity in any refinery and 
it is imperative to recover the maximum of high-purity sugar to be returned 
into the refinery for processing and a minimum of final molasses of lowest 
total sugars possible. 

Recovery Methods 

The method of recovery and handling of remelt sugar varies in different 
types of sugar refineries. A refinery which operates in connection with a raw-
sugar house during the crop can utilize facilities of the raw-sugar boiling 
house. In such a refinery, if the run-off of final white sugar massecuite is 
used as affination syrup (see Chapter 20), there is only a single product 
which must be returned to the raw-sugar house to be reprocessed into raw 
sugar. The returned liquor should be weighed or measured by volume, and a 
sample of it analysed. From the purity and sucrose content thus determined 
the available raw sugar can be calculated and this amount credited to the 
refinery. The theoretical recovery of raw sugar from affination syrup is 
slightly exaggerated. Though the purity of affination returned liquor may be 
higher than the purity of virgin syrup, the actual crystal yield is lower, since 
the crystallizing power has decreased because of the accumulation of gums, 
ash, organic and other non-sucrose matter in the returned liquor. It is recom-
mended to use the liquor returned from the refinery only for topping of 
grade 'A' raw sugar massecuite. A separate tank for returned liquor should 
be provided on the pan floor of the raw sugar house. The disposal of 
returned liquor in a raw sugar house does not present any difficulty and will 
have only a slight effect upon the quantity and purity of final molasses. 
However, the capacity in vacuum pans, crystallizers and centrifugals must be 
15—20% larger than that of a raw sugar house which does not have a 
refinery. 
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Available Sugar 

The available sugar in returned liquor is calculated by applying the well 
known 'SJM' formula of Noel Deerr, in which S is purity of sugar, J is purity 
of returned liquor, and M is purity of final molasses 

Available sugar = [100 S (J-M)] /[J (S-M)] 

In this formula, no losses are taken into account. However, if average losses 
in the raw-sugar boiling house are known, they can be applied. If the purity 
of available sugar is calculated on 96° Pol. and 97 purity raw sugar (1% 
moisture), purity of returned liquor from refinery is 87 and purity of black-
strap molasses in raw-sugar house is 33, then 

Available sugar of 96° Pol. = [100 X 97(87 - 33)] /[87(97 - 33)] = 94.07% 

and recovery of refined sugar will be 

[100 X 100 (87-33) ] / [87 (100-33) ] = 92.64% 

Refining out of Crop 

In case the refining operation is extended beyond the crop period, the 
whole boiling house of the raw-sugar factory can be used for the recovery 
system. If the refinery is not very large, it will be necessary to accumulate a 
sufficient amount of returned liquor to boil high remelt strikes (No. 1) and 
then to wait again to have enough run offs from high remelt massecuites to 
boil low remelt strikes (No. 2) and finally a low-grade strike (No. 3). Certain-
ly, the crystallization period in crystallizers will be sufficiently long to 
obtain low-purity molasses. However, overall losses will increase to some 
extent, and amount and purity of final molasses will also increase, because of 
the prolonged storing of syrup between strikes in the recovery house. 

Recovery House in Refinery 

In a sugar refinery which purchases all raw sugar from outside and 
operates on a yearly basis, the recovery of sugar from refinery returns is 
more complicated. There may be several different products returned from 
the refinery for recovery. The materials entering the recovery house may 
include affination syrup, final granulated run-off, evaporated sweet-water, 
and run-off from boiling soft sugars. All these sugar by-products have differ-
ent purities, varying amounts of invert sugar, ash, gums and other non-sugars. 
These various syrups are pumped to the remelt house of the refinery and are 
stored in pan supply-tanks which are provided with heating coils and per-
forated coils for air agitation, or mechanical agitators. The syrup and run-
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off s are diluted to 65—75°Brix. From these syrups two or three strikes are 
boiled, the first two being high (No. 1) and low (No. 2) remelt. A low-grade 
or crystallizer strike is boiled to exhaust final molasses and to provide 
footing for higher purity remelt strikes. The system of boiling is essentially 
the same as in a raw-sugar house (see Chapter 12). 

Preparation of Sugar Magma 

To prepare magma for footing of remelt strikes, it is advisable to use water 
instead of affination or other heavy syrups. The small and false crystals are 
dissolved and the crystal in the magma mixer is much cleaner and therefore 
will adsorb more sucrose and will grow faster. 

Double Einwurf System 

The most recommendable recovery system is the one in which only two 
products leave the remelt house, sugar of high purity and low color which 
can be melted without being affined, and blackstrap refinery molasses, with 
total sugars as low as possible. The intermediate products are recirculated 
and reboiled until they leave the recovery house as remelt sugar or final 
molasses. The 'Double Einwurf system of boiling, described in Chapter 12 
of this book, is by far the most advantageous in the remelt house. In correct 
Double Einwurf boiling, two separate seeder tanks are required. In this 
system, high remelt sugar is boiled on a magma of low remelt sugar mixed 
with either granulated syrup, evaporated sweet-water, or just water. The high 
remelt (No. 1) massecuite (81—84 purity) in this boiling system produces 
remelt sugar of a quality which does not require affination and can be 
melted directly, by-passing the affination station. The low remelt strike 
(70—74 purity) is boiled on a magma of low grade sugar mixed with a run-
off from the high remelt strike. The footing strike for low-grade massecuite 
is grained exactly as in the raw-sugar house boiling procedure, using high 
remelt run-off for graining charge and, if necessary, topping the grain footing 
strike with low remelt run-off. The purity of this seed strike should be main-
tained at ca. 68—70. For seed, fondant sugar or 10X powder is mixed with 
isopropyl alcohol and thoroughly ground in a small ball mill. The amount of 
seed necessary for the footing strike depends on local conditions and the 
number of low-grade (No. 3) strikes to be boiled from the same footing 
strike. The low-grade crystallizer strike is boiled on the footing of the 
graining strike (68—70 purity) and one of the run-offs to produce a final low 
grade strike in the vicinity of 60 apparent purity. The crystallizer strike 
(No. 3) can be boiled by graining on affination greens of about 80—85 
purity and then fed with run-off from low remelt massecuite (No. 2). In this 
case the grain of the crystallizer strike will be smaller than in massecuite 
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boiled on a footing strike, but if the strike is boiled slowly and with good 
circulation, good results can be achieved. Crystallizer strikes should be boiled 
at a low temperature, not exceeding 65°C (150°F). 

Maillard Reaction 

If the massecuite is discharged at a temperature, higher than 65°C, the 
Maillard reaction may occur with some sugars. The first step of the Maillard 
reaction is the combination of amino acids with hexoses, and a reaction of 
nitrogen-containing non-sugars results from it (Honig, 1953). If this occurs, 
to prevent further reaction and heat increase of the massecuite, as well as 
decomposition of sugars, the massecuite should be cooled rapidly by 
increased circulation of cold water through the cooling coils and pouring 
cold water on the surface of the massecuite in crystallizer, if conditions 
require it. 

Cooling of Crystallizer Strike 

The low-grade massecuite (No. 3) is dropped into a batch- or continuous-
crystallizer where it can be gradually cooled, as described in Chapter 13. 
Because of the accumulation of invert sugar, ash and other non-sucrose 
organic materials, low-grade massecuite can be cooled somewhat more rapid-
ly in a refinery than in a raw-sugar house without danger of smearing masse-
cuite. The period of cooling a crystallizer strike recommended by E.C. Gillett 
is ca. 90—100 h (Gillett, 1948), and an average of 112 h is usual in the 
Savannah Sugar Refinery, Georgia (Herring, 1962). 

Purging Low-grade Massecuite 

After curing the low-grade strike in continuous- or batch-centrifugals, the 
excess of low-grade sugar not used for preparation of footing magma can be 
melted and fed into a high remelt strike (No. 1). 

Remelt Sugar 

The first and second remelt sugars can be mixed with raw sugar and 
affined together with it. The remelt house must be flexible in its operation, 
and if high remelt sugar is not of satisfactory color and purity it can be sent 
through the affination station, instead of being melted directly. 

Centrifugals in Recovery House 

If high-remelt sugar is directed to the affination station after curing in 
the centrifugal, it requires washing in the centrifugal, which should be of 
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the batch type. However, if remelt sugar is of high purity and low color and 
can be melted without being affined, it can be purged in a continuous centri-
fugal. In this case, there can be expected from 10—15% of crystal breakage 
due to attrition, partial dissolution of sugar crystals by water and steam, and 
damage to crystal resulting from discharged sugar flying off the basket and 
hitting the centrifugal shell (Holton Jr. and Lopez, 1965). If affination is 
desirable, batch centrifugals may be preferable for high remelt sugars, but 
a battery of continuous centrifugals for low-grade massecuite (No. 3) can be 
used advantageously. A continuous centrifugal can handle many more tons 
of massecuite than a batch machine with increased purity of sugar and the 
same purity and Brix of molasses (Holton Jr. and Lopez, 1965). 

Capacity of Continuous Centrifugal 

The capacity of a continuous centrifugal can be determined on the run by 
measuring effluent molasses over a certain period of time and recalculating 
for each minute of run, analyzing sugar and massecuite from samples taken 
at the same time, and using a Cobenz diagram (Schubert, 1976). 

If we assume that purity of sugar is 89.09, of molasses 38.49 and of 
massecuite 62.71 and its Brix is 97.52° (12.79 lb gal"

1
), while flow of 

molasses is 4.99 gal min"
1
, then 

89.09 24.22 = 47.87% 

^ ^ 6 2 . 7 1 ^ ^ 

38.49 26.38 = 52.13% 

50.60 100.00% 

4.99 

52.13 

9.57 X 60 X 12.79 

X 100 = 9.57 gal min
 1

 of massecuite 

= 3.67 tons massecuite h"
1 

2000 

Final Molasses in Refinery 

Refinery blackstrap molasses may have an apparent purity about the 
same as in a raw-sugar house, but the total sugar content is generally higher 
because of the accumulation of invert sugars. If the molasses is filtered 
through spent char, some color and ash is removed and it is sold as refinery 
barrel syrup. 
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Heavy Boiling in Remelt House 

Some refineries boil remelt strikes using heavy boiling in ring calandria 
vacuum pans, in order to recover a high crystal crop. The heavy strike is 
lubricated with undiluted high remelt run-off to facilitate discharge and 
purging of the massecuite. 

Filtration in Recovery House 

Very high crystal yield can be obtained in the recovery house if returned 
syrups are diluted and filtered, using filter aid. However this requires a large 
filtering area and it is not economical unless the spent filter-aid for first 
liquor filtration can be economically regenerated, and mechanical filters are 
available. 

The Talodura Process also can be used for obtaining larger crystal yield 
(see Chapter 19). 

Cooling, Reheating and Purging 

Cooling low-grade massecuite in a system of continuous crystallizers and 
reheating it in a Green—Smith reheater or using the resistance reheater de-
scribed in Chapter 14 can be advantageous with continuous centrifugals in 
the recovery house of the refinery. 

Double Affination of Remelt Sugar 

Some refineries are now using double purging of remelt sugar (Schenker, 
1963). 
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Chapter 28 

TYPES OF REFINED SUGAR 

Refined sugar is sold throughout the world in different forms, as: 
granulated, tablet or cube, hard broken pieces ('pilé'), loaf, powdered, 
agglomerated, Areado, soft, and liquid sugar. These types of refined sugar are 
worthy of description. 

Tablet and Cube Sugar 

Tablet, loaf, or 'pilé' sugar must be very white, sparkling and hard, and the 
system of crystallization of sugar destined to produce them varies from the 
standard system of boiling granulated sugar. For better appearance, and in 
order to have brilliant tablets, the massecuite should be boiled to produce 
both large and small grain. The large ones give sparkle, while the small ones 
fill the voids between crystals and cement the tablet together. The cubes will 
be harder when the sugar is washed in centrifugals with sugar liquor instead 
of water, and also intermittent vacuum drying produces a much harder 
pressed cube sugar (Kleiman, 1950). The hardness of refined sugar cubes 
depends mainly upon the last stages of drying, when amorphous sugar 
appears between the crystals, actually cementing them together (Kaganov 
and Volokhvyanskii, 1951). This type of refined sugar can be produced by 
the Adant or Hubner processes, by pressing, or by vibration. 

Adant and Hubner Process 

The Hubner process is simpler than the Adant process, but the two are 
similar, and produce similar slabs. The massecuite is run into a specially 
designed centrifugal which contains vertical division plates covered by a 
removable top. Between the plates the sugar forms slabs, which are removed 
after 15—20 min of spinning. When the green syrup has been expelled by 
centrifugal force, the slabs of sugar are washed with 'clairce', which is 
saturated melt of broken pieces of slabs and scrapings of excess massecuite 
from the centrifugal. The washing of sugar slabs is accomplished by displace-
ment of the liquid phase. Since the clairce is supersaturated, some sugar 
crystallizes from it while it is moving through the sugar slab. This cements 
the crystals together, making the sugar tablets very hard. To remove any 
remaining moisture, the slabs are dried in an oven. The sugar slabs are cut by 
two sets of knives at right angles to each other to produce tablets or cubes. 



438 

Pressing Sugar 

Presses for cube or tablet sugar are built by a number of different manu-
facturing companies. All pressed sugars are produced by mixing the wet 
sugar discharged from the centrifugal with a small amount of syrup for 
cementing the compressed tablet. If the sugar has been stored in a silo and is 
dry, before pressing it can be mixed in a hopper with about 1% of a water-
white syrup (65—72°Brix) to make it slightly sticky. 

Standard—Hersey Press 
In the Standard—Hersey process, the sugar is thoroughly mixed in a 

hopper, then by gravity fills pockets in the form of cubes, tablets or bars in 
the revolving cylinder of the press (Fig. 28.1). Slightly below the center of 
the cylinder is located a stationary pressure bar against which the sugar is 
compressed by the outward movement of plungers. The pressure applied is 
sufficient to produce cubes which can retain their shape until they are dried. 
The depth of the pockets can be adjusted for desired size of cubes. The 
cubes are discharged onto plates traveling on a conveyor underneath the 
cylinder, and are carried through a drying oven where air temperature is 
maintained at about 60°C (140°F). Standard—Hersey presses vary in capacity 
from 6000-110 000 lb (2720—49 895 kg) of sugar per 24 h period. 

Pika, N.V. 
Another cube and tablet machine is that manufactured by Pika, N.V. (The 

Netherlands) in which the lumps of sugar are subjected to increasing pressure 
applied in predefined increments (Fig. 28.2). The sugar is wetted and 
thoroughly mixed and is fed from the hopper through six horizontal rollers 
fitted with pegs, forcing the sugar into the square molds in the rotating 
matrix and filling them completely. The depth of the mold is adjustable, 
which permits pressing cubes or tablets of different thickness. In the first 
phase of the compression operation, the upper nipples reach a position in 
which they close the molds. The gradually mounting press-curve through 
increasing spring pressure achieves a gradually increasing pre-compression, 
which equals a spring tension of 800 kg (1760 lb). The final and maximum 
compression is obtained by means of press curves and upper and lower 
nipples. After passing the pressure zone, the upper and the lower nipples 
are raised by means of curves. The lower nipple is raised above the matrix 
level and moulded cubes are ejected from the matrices. The empty matrix, 
the upper and the lower nipples pass a rotating felt disc which cleans all parts 
thoroughly. After cleaning, the lower nipples are drawn into their lowest 
position, and the molds are ready for reloading with wet sugar. The pressed 
tablets are transported through a drying oven where the sugar is dried with 
infrared light. The capacity of one Pika machine is ca. 1000 kg h"

1
 (2200 lb). 
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Fig. 28 .1 . Standard—Hersey cube or tablet press (courtesy of Standard Steel Corp., Los 
Angeles, CA, U.S.A.). 

Buckau—Wolf Press 
Buckau—Wolf produces fully- and semi-automatic plants for moulding and 

drying lump sugar (Fig. 28.3). The plant consists of an elevator and hopper 
for refined sugar, a ribbon screw conveyor in which the sugar is humidified 
with sprays of water to 1.2—1.5% moisture and a table press where sugar is 
pressed into the desired shape, automatically moved to drying plates, and 
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Fig. 28 .2 . Pika lump sugar presses: (a) Goka press; (b) layout of Goka press installation 
(courtesy of Pika, N.V., Amsterdam, The Netherlands). 
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Fig. 28.3 . Buckau—R. Wolf lump sugar press (courtesy of Buckau—R. Wolf, Grevenbroich, 
G.F.R.). 

loaded on wagons running on a rail track. The wagons are pushed into the 
oven where the lumps of sugar are dried. One press is capable of producing 
600-1400 kg h"1 (1320-3080 lb h"1). 

Chambon Press 
For large installations, where most of the output of refined sugar is in the 

form of cubes and tablets, a Chambon sugar molding and packeting plant 
can be used. In the Chambon Sugar Plant, molding, drying, packaging and 
weighing is carried out in one continuous operation. 

Vibro Process 
There is a new 'vibro' process developed in Sweden (Schpak and Humm, 

1971). The granulated sugar from a Rotex screener is rehumidified to 2.3— 
2.5% moisture with a spray of hot water. The load of moist sugar is dis-
charged into a feed chute over the molding machine. The molding ele-
ments are rectangular bars made of aluminium alloy, coated with hard nickel 
alloy and two coats of Teflon, and have cavities for sugar cubes. The ele-
ments travel under a feed box and onto a metal plate which seals the bottom 
of the cavities. Horizontal vibration and a series of shafts in the feed box 
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(aided by the drive wheel) force the sugar into the mold. After the molds are 
filled and the excess of sugar is scraped from the top of the molds, the ele-
ments pass over a second vibrator for the sugar to be completely compacted. 
The third vibrator serves to discharge the molded cubes onto a continuous 
steel conveyor which travels at the same speed as the molding elements. The 
empty molds are moved upward to be washed and dried. The wet cubes on 
the continuous belt conveyor enter two dielectric ovens. The cubes are dried 
by high-frequency electrical energy and in a tunnel dryer by hot air of 138— 
141°C (280—285°F), to a moisture content of 0.3-0.5%. The sugar cubes 
are then cooled and packed. 

Sugar Tablets at the Savannah Sugar Refinery 

Continuous automated production of tablet sugar using dielectric drying 
was developed at the Savannah Sugar Refinery, Georgia (Jones, 1963). The 
total time for the tablet to pass under the electrode of the unit, where it is 
exposed to an electric field, is only 65.5 s. The Standard—Hersey press for 
tablets is used for molding, and the tablets are dried in a 10 ft long oven with 
a 100 kW dielectric heater manufactured by Allis Chalmers Co. The belt con-
veyor used to carry the sugar travels at the speed of 8.7 ft (2.65 m) per 
minute. 

Transportation of Sugar to be Pressed 

The sugar to be pressed into cubes or tablets must be transported by oscil-
lating type conveyors. Screw conveyors are not recommended because they 
abrade the crystals, which lose their brilliancy. 

Wrapping Machines 

Among the cube and tablet wrapping machines must be noted those man-
ufactured by Sapal (Fig. 28.4), built in Switzerland, and Hesser (Fig. 28.5), 
made in Germany. These fully-automatic wrapping machines are of excellent 
design and construction. The Sapal wrapping machine can achieve 180 wrap-
pings per minute. Figure 28.6 shows the wrapping and packing station at the 
Sores Refinery, Portugal. 

Loaf Sugar 

In North African countries there is still a big market for loaf sugar, which 
is a cone of very hard sugar. In loaf sugar the crystals are held together 
because of the amorphous crystallization of the film of mother liquor which 
covers each crystal and becomes supersaturated during the last stages of 
drying. 

In the original method of loaf sugar manufacture, the massecuite was 
poured into conical forms, and when all mother liquor and clairce used for 
washing had drained, the forms were transferred into a cooling room. This 
mode of making loaves was awkward and expensive, requiring considerable 
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Fig. 28 .4 . Sapai BN-b automatic wrapping machine for sugar cubes or tablets. The pressed 
sugar is fed into the machine automatically by vibrators (courtesy of Société Anonyme 
des Plieuses Automatiques, Lausanne, Switzerland). 

Fig. 28.5. Hesser packing machine for one kilo packages (courtesy of Sores Refinery, 
Portugal). 
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Fig. 28.6 . Packing station at the Sores Refinery (courtesy of Sores Refinery, Portugal). 

labor and time. The process was modernized by the installation of specially 
designed centrifugals with approximately 160 conical pockets. The centri-
fugal is filled with white sugar massecuite and spun until all pockets are 
filled with massecuite. After most of the mother liquor has been expelled by 
centrifugal force, the machine is filled with clairce, which has the same 
purpose as in the Adant process described above. Washing with clairce may 
be followed by steaming. When the machine stops, two men unload it. 
This unloading operation takes the longest period of the cycle. When the 
cones are cool, they are weighed, and excess weight is removed from the 
center of the bottom of the loaf by a revolving sharp scraper. After this 
operation, the loaves are wrapped in blue paper and packed for shipment as 
in the older method. Loaves usually weigh 5 kg (11 lb) each, though some 
refineries make smaller and lighter loaves. In a new process developed in 
France, loaf sugar is made by pressure in moulds and drying. It is a faster and 
more economical process than the old ones. 

Pilé Sugar 

In Argentina, a large part of refined or sulfitation sugar is sold in the form 
of 'pilé' sugar. The pilé sugar is produced in large centrifugals with bottom 
drive. The centrifugal basket is partitioned into segments with removable 
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dividers. The first or second massecuite is charged into the centrifugal and 
purged until the liquid phase of massecuite is purged out. Then the centri-
fugal casing is closed with covers and dry steam is applied for at least 10 min. 
When the steam is shut off, the covers are lifted and the machine is kept 
spinning for another 20 min to cool the sugar. When the machine is stopped, 
the dividers are knocked out with a hammer and workmen remove the seg-
ments of dry and still hot sugar by hand, wearing cotton gloves and using 
pieces of cloth. Each segment weighs about 100—150 lb (45—68 kg). The 
segments of sugar are placed for 48 h in a cooling room and are then passed 
through a breaking machine. Lumps of different size and shape emerge from 
the breaker and are bagged in 50 kg bags. Upkeep required for pilé centri-
fugals and labor to run them is very expensive and is therefore of great con-
cern to the sugar producers, but as long as the consumer of sugar is not 
educated to use a different type of sugar, the market in Argentina will 
demand pilé sugar. 

Amorfo Sugar 

Some countries prefer hard, slow melting sugar, others favor fast melting, 
flour-like amorphous, or rather microcrystalline, which in Brazil is called 
'amorfo'. In Brazil, most of the sugar is sold in amorphous form. The 
'crystal', a very light-colored raw sugar not requiring affination, is melted, 
filtered and decolorized either with bone char or vegetable decolorizing 
carbon. The resulting water-white sugar liquor is boiled in open kettles at 
about 165°C (330°F) and evaporated to over 95°Brix. When the sugar 
liquor reaches this state, a certain amount of sodium hydrosulfite (Na2S202. 
2H20) is added to prevent formation of color, and the contents of the kettle 
are dumped into a 'batedeira', a flat pan ca. 3—4 ft in diameter and 1 ft 
deep. In the center of this flat pan there is a vertical shaft to which is 
attached a moving arm revolving at about 60 r.p.m. Seed of sugar is added to 
the evaporated liquor in the batedeira, and spontaneous crystallization takes 
place. There is such a quantity of grain that it forms a white mass and there 
is not enough mother liquor left to feed and grow formed grains, which 
remain in the microcrystalline state and never develop into real crystals. 
Because of flash and rapid cooling of sugar liquor in the batedeira, supersatu-
ration rises very rapidly. The mass is agitated by the moving arm until it is 
sufficiently cool and all unbound moisture expelled. Then the sugar mass is 
discharged onto vibrating screens. There is no liquid phase left at all, and the 
lumps which do not pass through a very fine mesh screen are returned to be 
used as seed, or are remelted. In this process, there is no molasses, all dry 
sugar is recovered in one operation and no centrifugals are used. 

This amorfo sugar appears white when dry, but when it is dissolved in 
water the liquid is a straw-yellow color because of excessive heating at atmo-
spheric pressure. Also, it contains more ash, invert sugar and moisture than 
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granulated sugar. Amorfo sugar cannot be stored for any length of time, nor 
can it be transported over long distances without impairing the quality. 

Areado Sugar 

This type of sugar is produced only in Portugal, where it constitutes 
8—15% of all refined sugar manufactured. It is very fine textured sugar con-
taining some invert, ash and moisture, and is very hygroscopic. This sugar 
differs from 'amorfo' sugar in that 'areado' is boiled in a vacuum pan from 
run-off of refinery massecuite, and sometimes is mixed with refinery first 
liquor to obtain a lighter color. In the process of making areado sugar the 
liquor is evaporated in a vacuum pan to a high density without graining (Fig. 
28.7). At the beginning of a strike the liquor is boiled at 26 in vacuum, and 
pressure in the calandria is maintained at 7 psig (0.5 kg cm"

2
) throughout 

evaporation. When the liquor is concentrated to a high Brix the pressure in 
the calandria is raised to about 60 psig (4· kg cm"

2
), while the vacuum is 

lowered. The evaporated liquor is discharged from the vacuum pan into a 
vacuum crystallizer, where it flashes and rapidly cools. The supersaturation 

—• Au condenseur barométr ique 

Sécheur refroidisseur 

Fig. 28.7. Scheme showing production of 'areado* sugar using vacuum pans and cooling 
crystallizers (courtesy of Fives—Cail—Babcock, Paris, France). 
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is raised to the point at which spontaneous crystallization occurs by shock. 
Since there are no voids between crystals, almost all liquid is evaporated, and 
no liquid phase is left, the minicrystals have no place to grow. Energetic 
mechanical stirring in a vacuum crystallizer prevents complete agglomeration 
of small crystals, but some lumps are formed nevertheless. When the masse-
cuite has been sufficiently cooled in the vacuum crystallizer the areado sugar 
is discharged onto an oscillating conveyor, and is carried by bucket elevator 
to vibrating or revolving screens. The screened sugar is packed into moisture-
proof bags or small packages, while the screened-out lumps are returned into 
the process and melted. 

Powdered Sugar 

Icing or powdered sugar is obtained in many refineries by pulverizing 
granulated sugar to 4X, 6X or 10X size. To preserve the pulverized sugar 
from caking, ca. 3% of corn starch or tri-calcium phosphate is admixed 
(otherwise it agglomerates); but, if powdered sugar is passed through a 
double-walled steam-heated ribbon conveyor and heated to 65°C (149°F) it 
becomes conditioned and does not cake. Steam which heats the scroll is at 
4.3 psig (0.306 kg cm"

2
) and conditioning time is 4 min (Nahler, 1977). 

Baker's Special Sugar 

Some refineries manufacture also 'Baker's Special' which is sugar with 
very fine grain suitable for the baking of cakes, pastries, cookies, etc. 

Bottler's Sugar 

Bottlers prefer extra-coarse grain granulated sugar which can be blended 
with water for preparation of unheated syrup. The sugar must have a good 
keeping quality. The specification for refined granulated sugar by some 
bottlers is as follows: the granulated sugar must be delivered in clean, sterile 
containers which will not impart any lint, flavor, odor, or other contamina-
tion. The sugar must be free from organic or inorganic salts which may affect 
pH of bottled product (see Table I). 

Superfine Sugar 

This is a very small-grained sugar which is desirable for rapid dissolving in 
cold liquids. 
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TABLE I 

Bottler's specifications for granulated refined sugar 

D. Pol. or purity of sugar 99 .85 (min) 
Ash (sulfated) 0.01% (max) 
Invert sugar None 
pH 6 . 8 - 7 . 3 
Color 98% minimum (% transmission at 500 Mm) 
Turbidity 1.0% maximum as S i 0 2 
Insoluble matter None 
Taste No molasses or other foreign flavor 
Odor Free from molasses, storage musk, bag odor, or any other odor 

whatsoever 
Molds 0 per gram (max) 
Mold spores 5 per gram (max) 
Bacteria 5 per gram (max) 
Yeasts, viable 5 per gram (max) 

Soft Sugar 

Many bone-char refineries produce brown or 'soft' sugars which vary in 
color from light to very dark brown. This type of sugar is called 'soft' 
because the crystal is very small (similar to 'C'-grade sugar in a raw-sugar 
factory) and has a rather high invert sugar and moisture content. To prevent 
caking, this sugar is packed in wax-paper lined packages. Soft sugar has a 
typical bone-char flavor. An approximate chemical analysis of a light soft 
sugar and a dark one is given in Table II. 

Soft sugars are boiled from the run-off of the last refinery strike or affina-
tion syrup. These liquors are filtered through a mechanical filter and through 
spent bone-char to acquire char flavor and to remove some color. The bril-
liancy of liquor from which soft sugar is boiled is of great importance. 
If the liquor does not have sufficient invert sugar to render soft sugar more 
hygroscopic, a small amount of hydrochloric acid can be added to invert 
some sucrose. The invert will retain more moisture in soft sugar and the 
sugar will not harden and dry out during storage if properly packed. 

TABLE II 

Chemical analysis (%) of 'soft' brown sugar 

Light Dark 

Pol. 90 .80 84 .29 
Invert sugar 2.75 6.64 
Ash 0.19 1.33 
Organic non-sugars 1.70 3.45 
Moisture 4.56 4 .29 
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For boiling soft sugar, a special technique is required. The boiling is 
divided into three stages: (1) boiling-down charge; (2) graining charge; and 
(3) final charge. For calculating amounts of these charges in relation to final 
purity of the strike, a Cobenze diagram can be used. The first boiling-down 
charge should be of lower purity than the second charge for a definite pur-
pose. The first crop of soft sugar crystals is formed on the first charge. When 
the crystal has developed to a certain size, the second charge of higher purity 
is given and a second crop of crystals is obtained. The second crop crystals 
will remain smaller in size than the first crop, but will be sufficiently large 
not to impair the purging. In soft sugar, boiling a second crop of crystals is 
always desirable. The first charge can have 88 purity and can be followed by 
a second charge of 94 purity, for example, to have a final strike purity of 
about 91. If the second crop of crystals is too numerous or crystals are too 
small, it will pack the centrifugals and will prevent proper purging. The final 
charge is introduced into a vacuum pan as a diluent. Generally, soft sugar 
massecuites are boiled to a heavy density and lubricant liquor is needed to 
restore fluidity to the massecuite. 

For soft sugar to have good keeping quality and not cake, crystals must be 
surrounded by a heavy film of syrup. The thickness of molasses film is con-
trolled more easily in continuous than in batch centrifugals. If soft sugar is 
coming from a continuous centrifugal with the film of syrup too thin, the 
load on the machine can be increased, or if it is too thick the load can be 
decreased. A desirable characteristic for soft sugar is a wooly crystal struc-
ture, which should carry an adequate amount of invert sugar and contain ca. 
4.0—4.5% moisture. Soft sugar massecuites should be boiled at a high 
vacuum and low temperature in the vicinity of 55°C (130°F). The tempera-
ture during graining and at discharge should not exceed 62°C (145°F). If 
soft sugar is purged on a batch centrifugal it should be homogenized because 
the inner portion of the load is less syrupy than the portion of sugar lying 
near the screen. That is another reason why continuous centrifugals are more 
suitable for this work because they produce a more homogeneous type of 
sugar. 

Before packing, the soft sugar can be passed through a thermal disc pro-
cessor in order to be cool for packing. 

Instant Sugar 

A modern tendency to produce everything 'instant' has led the Pillsbury 
Company of U.S.A. to develop an instant sugar which is called 'Instamat' 
(Fig. 28.8). BMA (Braunschweigische Maschinenbauanstalt, Braunschweig) 
has exclusive rights to the 'Instamat' process outside the U.S.A. Apart from 
rapid solubility, the Instamat process offers a number of advantages. The 
finely ground sugar which can be screened through 150—325-mesh screen 
flows by gravity to form a fluidized bed on a vibrating conveyor. The base of 
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the vibratory conveyor is permeable to air and is divided into four consecu-
tive zones: (1) instantizing; (2) drying; (3) cooling; and (4), sizing of macro-
granulates. The sugar passes through all four zones within a few seconds. In 
the instantizing zone, the powdered sugar is treated with a mixture of air and 
steam and the microparticles adhere together to form the desired macro-
granulates. By special adjustment, condensation of the steam occurs in the 
upper part and the screens remain clean. In the following drying zone, the 
macrogranulates are dried in a few seconds to a perfect dryness, if desired, 

Fig. 28.8. 'Instamat' plant capable of producing 4400 lb h 1 of instant sugar (courtesy 
of BMA, Braunschweig, G.F.R.). 
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with heated air. In the third zone, macrogranulates of sugar are cooled by a 
stream of ambient or pre-dried and cooled air. Macrogranulates can be clas-
sified by screening and too large or too small particles recycled. The com-
plete transit of powdered sugar to the finished product takes only 15—20 s. 
The hardness, size of sugar macrogranulates and structure of the finished 
product are controlled in the instantizing and drying zones. The powdered 
sugar before processing can be mixed with any other powdered product such 
as cocoa or flavoring material. The instant sugar has a low bulk density 
because it is porous, and does not cake, remaining free-flowing. This process 
can be applied to granulated sugar which is badly caked and has to be re-
processed. Soft sugar can also be produced in 'Instant' form. 

Agglomerated Sugar 

This type of sugar is used to make icings. There are several methods of 
producing it, and there are several patents taken. One of the processes is 
employed in the C and H Refinery, Crockett, CA (Kean and de Celis, 1970). 
Granulated sugar is ground so that 99% of it will pass through a 325-mesh 
screen. The pulverized sugar is separated from air on polypropylene bags, 
then fluidized by the moist air passing through the colder sugar. The air is 
cooled to the dew point forming a fog which condenses on the sugar, causing 
pulverized particles to stick together and form low-density agglomerates. It 
takes 45 s to dry, cool and screen agglomerated sugar. 

Turbinado Sugar 

This is direct-consumption raw sugar of high polarization which must be 
dried in a granulator to a very low moisture content. Turbinado sugar is 
boiled from a virgin syrup and crystals must be large (> 1 mm). 

Sulf itation Sugar 

Plantation-white sugar is produced directly from cane juice by the sulfita-
tion process. It can be considerably improved by the Talodura process. 

Liquid Sugar 

The demand for liquid sugar has been growing rapidly throughout the 
world for the last three decades, and practically every important refinery 
produces it. Many industrial users of sugar find liquid sugar more convenient 
to handle than dry sugar. Liquid sugar requires less labor, is easy to measure 
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and very sanitary. Its use eliminates melting and filtration, and it does not 
require much storage space, since it can be delivered by the refiner at speci-
fied intervals as needed. Since commercial users require different types of 
liquid sugar, the refiner must be prepared to produce types ranging from 
water-white liquid sucrose to golden invert syrup. 

Liquid sugar is a solution of sugar in water, and it can be a combination 
of sucrose and invert sugar, or pure sucrose or pure invert. Commercial liquid 
sugars are almost saturated solutions, and therefore the solids content (Brix) 
varies, depending on the solubility of the sugars or blend of sugars. Liquid 
sugar can be made direct as a liquid, or by dissolving of refined granulated 
sugar. It can be partially or completely inverted, or blended. Also, liquid 
sugar can be blended with corn syrup (dextrose) for texture. Some liquid 
sugars are absolutely ash free. 

Production of Liquid Sugar from Refined Crystallized Sugar 

Granulated sugar, dry or still wet after discharge from centrifugals, can be 
melted at 20°C (68°F) in pure clean water to make sugar solution at 67.5° 
Brix. This is sucrose syrup or liquid sucrose. However, if the granulated sugar 
is not absolutely white it will give a yellow cast to the solution. If this is un-
desirable, the dissolved refined sugar can be treated with decolorizing 
vegetable carbon and refiltered, producing a water-white liquid sucrose. If 
partially-inverted liquid sugar is desired, one portion of sucrose liquid can be 
inverted with HC1, or organic (citric) acid and blended with the non-inverted 
portion. Since Brix of partially inverted liquid sugar should be about 77.0, 
additional dry sugar can be dissolved in partially invert liquor until the 
desired percentage of solids is reached. A common practice for production of 
neutralized invert syrup is to invert melted granulated sugar at 82—85°C 
(180—185° F) with chemically-pure hydrochloric acid (HC1). The liquid sugar 
adjusted to ca. pH 2 will invert almost completely within 30 min. After it is 
blended with the non-inverted portion it may be necessary to raise the pH of 
the blend with sodium hydroxide (NaOH), sodium bicarbonate (NaHC03) or 
sodium carbonate (Na2C03) to stop further inversion. 

Determination of Inversion 

The percentage of inversion can be determined by the formula 

Invert (%) on solids = Brix - Pol./0.013 X °Brix 

Example. The Brix of liquid sugar = 77.0° and Pol. = 29.0 

% inversion on dry basis = 77 - 29/0.013 X 77 = 48% 

Methods of Preparation of Liquid Invert Sugar 

Generally, there are three methods for preparation of invert liquid sugar 
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from dry granulated (McGinnis, 1951): 
(1) To dissolve all necessary sugar in water, heat, invert with acid, and 
neutralize at the right moment. 
(2) To dissolve only a part of the sugar to all the water, heat, invert com-
pletely and neutralize. Then, to add and dissolve dry sugar to the desired 
Brix. 
(3) To produce and store completely inverted liquor, which can be added 
to sucrose liquor in necessary proportion to obtain final invert liquid sugar 
of desired Brix and invert content. 

This last mode of operation is the most practical for a refinery which 
refines only during the crop season and has only occasional demand for 
liquid sugar, since dry sugar is easier to preserve than liquid sugar. The latter 
can be prepared on request of a customer throughout the year. The plant for 
conversion of granulated refined sugar into liquid sugar does not require 
much equipment, and is rather simple. The refined sugar must be transferred 
to a bin from silo or warehouse and discharged by gravity into a melter. The 
sugar melted to desired Brix is pumped to a holding tank. The melted 
granulated sugar can be treated in two carbon-treatment tanks in a batch 
operation. After treatment with decolorizing carbon, the liquor can be 
filtered on a mechanical filter and check-filtered on a sleeve-type filter. If 
the filtrate is 67—68° Brix, it can be stored in a tank between shipments. 
The flow rate of granulated melt through the mechanical filter at 67°Brix 
and at temperature between 65—80°C (150—180°F) is between 5—10 gal 
ft"

2
 h"

1
 (204—407 1 m"

2
 h"

1
). High-grade liquid sugar must not contain more 

than 0.02% ash. The granulated sugar used to produce liquid sugar may 
contain up to 0.03% ash, providing the water for melting is free from any 
ash. 

Production of Liquid Sugar Direct from Melt 

A refinery which produces large amounts of liquid sugar in addition to 
dry sugar, or is specially designed for liquid sugar, can manufacture all 
liquid sugars directly from raws without crystallization (Fig. 28.9). In this 
case, affined sugar melt is clarified with phosphoric acid—lime treatment in 
continuous refinery clarifiers, and effluent liquor is decolorized by either 
bone-black or granular carbon. If the liquor has been decolorized with bone-
black, it should be treated, in addition, with a small amount of vegetable 
carbon to remove the flavor of char, and after filtration on mechanical filters 
it can be percolated through a monobed ion-exchanger for sucrose liquid 
(Fig. 28.10). The monobed column contains a mixture of anion and cation 
exchange resins which adsorb inorganic soluble salts and certain coloring 
matters (Fig. 28.11). This additional percolation produces absolutely water-
white and ash-free liquid sugar. If invert liquid sugar has to be manufactured, 
the decolorized liquor is percolated through resins in two columns arranged 
in series. The first column contains cation exchangers which decrease pH of 
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Fig. 28 .10 . Ash conversion system in liquid sugar plant (courtesy of Industrial Filter 
and Pump Manufacturing Co., Cicero, IL, U.S.A.). 

SWEET WATER 

Fig. 2 8 . 1 1 . External separation and regeneration system for anion/cation exchangers 
(courtesy of Industrial Filter and Pump Manufacturing Co., Cicero, IL, U.S.A.). 

the liquor sufficiently to invert the sucrose. The effluent liquor is then 
percolated through an anion bed which restores the pH to neutral. The per-
cent of inversion can be regulated by increasing or decreasing percolation 
rate through the cation bed. The pH of the liquor can be adjusted to the 
desired level by regulating flow rate through the anion resin column. To 
produce liquid sugars of desired density, the percolated liquor should be 
evaporated in a single- or double-effect evaporator. The evaporated liquor 
must be cooled before it is pumped to the storage tank. 
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Coolers 
The cooler could be similar to a regular heater, where liquor flows through 

the tubes while cold water is pumped on the outside of tubes. 
The other method of cooling is in a triple-effect. The liquor which must 

be evaporated and cooled is pumped through a downflow type evaporator, 
in which only the first body has a long-tube calandria. This first effect is fol-
lowed by two effects without any heating elements, with progressively 
increasing vacuum. In these two bodies liquid sugar flashes and cools. The 
vapors are drawn into the condenser. 

Storage Tank 
In order to hold liquid sugar without spoilage in storage, a tank is required 

which is in an antiseptic condition. Condensation must also be prevented. 
This is most easily done by passing filtered ambient air over the surface of 
the liquid sugar at a rate of 0.25—0.5 ft

3
 min"

1
 ft"

2
 of the tank area. The 

holding or storage tank must be equipped with a ventilating blower and ex-
haust located on diagonally opposite corners at the top. Any type of air filter 
can be used. The air moving over the surface of the liquid sugar prevents the 
aqueous vapors above the liquid from becoming saturated, and thereby 
prevents condensation, which would dilute the top layer of sugar solution, 
creating an ideal condition for bacteria and yeast growth. 

Ultra-violet Lamps 
Some manufacturers of liquid sugar prefer to use ultra-violet lamps placed 

inside of the tank in such a way that ultra-violet light covers all the surface 
of the liquid sugar, thus destroying bacteria or yeast which may start 
growing on the surface. However, many bottlers and users of liquid sugar 
object to the ozone flavor caused by these lamps. 

Specifications for Liquid Sugars 

The specifications for the analysis of liquid sugar may vary to some 
extent, but solids content for all sucrose liquids is 67—68° Brix and for all 
invert sugar liquids is 76—77°Brix. Further specifications are listed in 
Table III. For invert liquid sugar, the specifications are given in Table IV. 
There are other grades of liquid sugar produced by refiners and they range 
from amber to golden in color. The ash content of these darker liquid sugars 
is also higher, reaching up to 2.5% maximum. 

Water 

The water used in the liquid sugar process must be of a very good quality 
and have a low bacteria count. Since high-grade liquid sugars must be 
practically ash-free, it is advisable to demineralize the water if it is supplied 
from a well. 
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TABLE ΙΠ 

Specifications for liquid sugars 

Liquid sucrose No. 1 Liquid sucrose No. 2 

Solids (°Brix) 6 7 . 0 - 6 7 . 5 6 7 - 6 7 . 5 
Sucrose (%) 6 6 . 8 - 6 7 . 3 6 6 . 4 - 6 7 . 0 
Invert (%) 0.2 0.5 
pH 6 . 5 - 7 . 0 6 . 2 - 6 . 8 
Ash (%) 0.02 0.06 
Baume 3 6 . 0 5 - 3 6 . 3 3 6 . 0 5 - 3 6 . 3 
Weight (lb ga l '

1
) 1 1 . 0 8 - 1 1 . 1 1 1 1 . 0 8 - 1 1 . 1 1 

Solids (lb g a l

1
) 7 . 4 2 - 7 . 5 7 . 4 2 - 7 . 5 

Iron (ppm) 0.1 0.1 
Color Water-white Off white—light straw 

TABLE IV 

Specifications for invert liquid sugars 

Liquid invert Liquid industrial invert 

Solids (Brix) 76.5 -77.0 76.5—77.0 
Invert (%) 3 8 - 4 0 3 8 - 4 0 
Sucrose (%) 3 8 . 5 - 3 7 . 0 3 8 . 5 - 3 7 . 0 
Ash (%) 0 .001 0 . 0 7 - 0 . 1 0 
Weight (lb g a l

1
) 1 1 . 5 8 - 1 1 . 6 1 1 1 . 5 8 - 1 1 . 6 1 

Solids (lb gal"

1
) 8 . 8 6 - 8 . 9 4 8 . 8 6 - 8 . 9 4 

pH 4 . 7 - 5 . 4 4 . 5 - 5 . 2 
Color White Straw yel low 
Iron (ppm) None 1 

Transportation of Liquid Sugar 

Liquid sugar is delivered to the consumer by truck or railroad tank cars, 
and can also be moved by tankers. The trailer trucks vary in capacity from 
1500 to 4000 gal, and the tanks are generally made of stainless steel. The 
tanks may have inside partitions so that different types of liquid sugar can be 
carried at the same time. Tank cars for transporting liquid sugar have capaci-
ties of 4000—10 000 gal. The mild steel tanks have a baked-on lining. Ship-
ments, as a rule, are made about every 10 days. On delivery to the customer, 
liquid sugar is pumped directly into storage tanks holding enough liquid 
sugar to last until the next delivery. From the user's storage tanks a regulated 
volume of liquid sugar is pumped into the process through automatic meters. 
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Chapter 29 

BIOLOGICAL TREATMENT OF REFINERY WASTE-WATER 

DORR E. TIPPENS 

At the beginning of the 1970s, governments of the civilized world have 
proscribed indiscriminate dumping of refinery waste-water directly into 
waterways. Where municipal waste-water treatment plants were unavailable, 
or were unable to digest sugar refinery waste-waters, these refineries had to 
install their own waste-water treatment facilities. The offenders which had to 
be reduced in their concentrations for the most part were biological oxygen 
demand (BOD) and suspended solids (SS). 

Cane sugar refinery insoluble SS wastes consist mostly of water slurries of 
calcium carbonate or phosphate salts, diatomaceous earth, spent boneblack 
or carbon, etc. Today these slurries are typically thickened mechanically for 
disposal on the land by applying filtration, centrifugation, subsidation, or 
dissolved air flotation. However, dissolved wastes, consisting primarily of 
biodegradable carbohydrates, must first be converted to solids for mechan-
ical separation from their water phase and subsequent disposal. 

Amstar Corporation's Louisiana refinery disposed of up to 0.5 Χ 10
6
 gal 

per day (1.9 Χ 10
6
 Id"

1
) of bonechar washings waste-water containing ca. 

1000 ppm (1000 mg Γ
1
 ) BOD into the Mississippi River. The task of 

selecting a method and designing, building and operating both a pilot-scale 
and full-scale plant for effective economical BOD removal from that stream 
was completed by April 1977. 

Full-scale Plant Design 

Physical Aspects 

The design selected incorporates two process tanks separated by a com-
mon wall. The capacity of the combined tanks is 1.4 Χ 10

6
 gal (5 299 420 1) 

— 2.8 days feed retention time at the design influent rate of 500 000 gal d"
1 

(1 892 650 1 d"
1
 ). This arrangement gives the plant the flexibility to operate 

as two 2.8-day retention process tanks in parallel with feed split between the 
two halves; or, feed can be split in any proportion from 0 to 100% equiv-
alent to a single 1.4-day retention tank with the second tank removed from 
service or used in series with the first as a means for digesting excess MLSS 
(mixed liquor suspended solids) to minimize the solids disposal load. Earlier, 
the pilot plant had been operated successfully at a feed rate equivalent 
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to as low as a 1.4-day retention period. Feed temperature had prevented 
testing even shorter periods. 

Process tank overflow passes to a single 50 ft (15.24 m) diameter subsida-
tion clarifier for separating the clear treated effluent. 

Two storage tanks of 7500 gal (28 390 1) and 750 gal (2839 1) capacity 
are provided to store ammonia and phosphoric acid nutrients, respectively. 
Nutrient addition to the process tanks is accomplished by means of chemical 
metering pumps. 

The two process tanks are constructed of 12 in (30.5 cm) thick reinforced 
concrete walls with integral 12 in thick footings, and a 6 in (15.24 cm) thick 
bottom slab poured on a base of compacted oyster shells. Each tank is 270 ft 
(82.3 m) long, 38 ft (11.6 m) wide, and 11 ft (3.35 m) high. Because of the 
high groundwater level in New Orleans, the bottoms of the process tanks are 
situated only 2 ft (61 cm) below grade level. Each tank is provided with an 
8 in (20.3 cm) thick concrete dividing wall creating an effective mean flow-
length of 523 ft (159.4 m) and width of 19 ft (5.8 m). Semicircular concrete 
baffles are installed in the curve at the southern end of each tank to smooth 
the flow and prevent segregation of MLSS at the turn. The common wall 
separating the two process tanks is made of 12 in (30.48 cm) thick concrete 
and is provided with a dividing gate to permit series as well as parallel flow 
operation. 

One vertical-shaft aerator is mounted on a bridge over the north end of 
each tank. The aerators are designed to rotate in opposite directions from 
one another so that the flow in both tanks along the common wall is in the 
same direction. This provision promotes good flow characteristics when the 
tanks are operating in series flow mode. The aerators are powered by 60 h.p. 
(44.74 kw) gear motors. The aerator drive design provides constant power 
efficiency for the range 50—100% full load. The aerator motors are equipped 
with timers which permit their intermittent operation with any period of 
'stop-and-go' up to 12 h, if so desired. Impeller diameter is adjustable by 
means of movable extensions. Impeller submergence also is adjustable. The 
aerators are capable of meeting an oxygen demand of 2—4 lb/h/h.p. (1.22— 
2.43 kg h"

1
 kw"

1
) and of propelling the mixed liquor at a velocity of more 

than one foot per second (30.5 cm s"
1
). At this rate, the mixed liquor com-

pletes a circulation cycle each 8.7 min. 
Influent and nutrients are uniformly distributed into the tanks from a 

bridge located 209 ft (63.7 m) upstream of the aerators for parallel opera-
tion or into only one tank for series operation. 

An adjustable overflow weir is located at the south end of each process 
tank. By rotating the weir, the fluid depth in the tank can be varied between 
8 and 9.5 ft (2.44—2.9 m) for added flexibility. The overflow from either or 
both weirs feeds the clarifier. 

The 50 ft (15.24 m) diameter clarifier is 9.5 ft (2.9 m) deep and is formed 
of 12 in (30.48 cm) thick concrete mounted on compacted oyster shells. 
The mixed liquor enters it under the center ring skirt, dispersing into the 
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center of the tank. Settled sludge is collected with suction-lift tubes which 
are mounted on a rotating rake and are positioned at various clarifier radii. 
The flow in each tube is adjustable, so that sludge of specific settling char-
acteristics and maturity can be selected for return to the process tank or 
wasting. The sludge is pumped back to either or both process tanks or either 
of two sludge thickeners. The clear effluent discharges over an overflow 'V 
notch weir extending the full perimeter of the clarifier into a wet well. 

Two thickeners of 18 000 gal (68 135 1) capacity each are installed at the 
south end of the process tanks. They can be fed any proportion of the 
return sludge individually or simultaneously. Supernatant can flow from 
either thickener to either process tank. Settled sludge can be discharged 
from bottom pits either by pump or gravity. 

The roof of the thickeners provides a working platform and a support for 
a small laboratory and motor control center. It also supports flow-measuring 
weirs and distribution channels for return sludge. Lighted working platforms 
also are provided at the aerators, at the influent and nutrient distribution 
points, and over the clarifier. 

Material in Process Detention Periods 

The design calls for influent at temperatures not exceeding 50°C and at an 
average BOD concentration of 800 ppm. Two 1.05 Χ 10

7
 BTU/h (2.65 Χ 10

6 

cal h
- 1

) shell and tube char waste-water heat exchangers are provided to 
meet the temperature criterion. Heat removed is recovered in the refining 
process. In review, process tank ML (Mixed Liquor) detention time, based 
upon the design influent rate of 500 000 gal d"

1
 (1 829 650 1 d"

1
) is 2.8 

days (or 
At the stipulated design influent rate, clarifier loading is 255 gal d"

1
 ft"

2 

(10 268 Id"
1
 m"

2
) surface area. Its volume of 116 667 gal (4416201, or 

8-1/3% of the combined volume of the two process tanks) provides a 5.6 h 
detention time for the effluent. The sludge return pump can be operated at 
either of two speeds: ca. 350 gal min"

1
 (1325 1 min"

1
) or 245 gal min"

1 

(927 1 min"
1
). This is equivalent to about 100% or 70% of design influent 

rate. Further adjustment to the sludge return rate can be effected with an 
installed pinch valve. 

The size of the clarifier was carefully selected for proper surface loading 
and detention period. Too high a surface loading rate or too short a deten-
tion period would result in a loss of solids from the system. Too long an 
effluent detention period could threaten the onset of anaerobic (odiferous) 
activity in the clarifier. This condition could be avoided by recycling some 
effluent to the process tank in case the influent rate were too low. 

Sludge detention in the clarifier is only partially dependent upon the 
influent rate. It depends mostly upon the operating speed of the sludge 
return pump. Concentration of the return sludge is affected by its detention 
time in the clarifier — the longer, the higher. 
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Concerning sludge or biomass cell age in the whole system, at a typical 
MLSS concentration of 5000 ppm, and a sludge waste rate of 0.25 lb (0.11 
kg) biomass per lb (kg) of influent BOD (25% sludge yield) the mean cell 
residence time would be approximately 100 days. 

Full-scale Plant Operation 

Start-up 

The first process tank was refilled with char waste-water and seeded with 
about 6000 lb (2722 kg) (dry weight) of biomass which had been produced 
in pilot operation and stored in drying beds (Fig. 29.1). Along with seeding, 
500 gal (1893 1) per day of molasses were administered with a payloader, 
this being equivalent to the BOD loading of char waste-water at full flow. 
This was done to avoid effluent production with loss of biomass until a 
strong flocculating biomass could be established. Also, ample quantities of 
ammonia hydroxide and phosphoric acid were added to insure an adequate 
supply during this critical period. 

Within days, the MLSS concentration had reached 1100 ppm, although 
the sludge volume index remained high at over 250. Mixed liquor velocity 

Fig. 29 .1 . View of the Chalmette Refinery waste-water treatment plant (courtesy of 
Amstar Corp., New Orleans, LA, U.S.A.). 
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was greater than 1 ft s"
1
 (30.5 cm s"

1
 ) at this stage and the biomass distribu-

tion throughout the tank volume proved to be very uniform. 
In two months, MLSS concentration had reached 2500 ppm and climbed 

to 3500 ppm by the end of that month. Sludge volume index had decreased 
to below 200 in three weeks. Analysis of the filtered ML showed BOD and 
COD (chemical oxygen demand) reductions greater than 80%. 

Slight foaming at the aerators occurred as the microorganisms emerged 
from their state of log growth as occurred during pilot operations. The foam 
was eliminated by using a defoamer (one time) at a concentration of ca. 
3 ppm. Foaming has not recurred. 

About three months after start-up, char waste-water feed was instituted at 
20% of full rate and molasses introduction was reduced by 20%. Gradually, 
over the ensuing two-week period, char waste-water feed rate was increased 
to 100% of waste-water production while molasses addition was cut to 0. 

Throughout this start-up period, the mixed liquor remained light brown in 
color, produced no unpleasant odor, and appeared to be extremely well 
mixed. Dissolved oxygen and MLSS analyses of samples taken from the 
surface, middle, and bottom of the process tank proved to be uniform. 

Biomass acclimation to char waste-water had been accomplished as if 
there had been no change in substrate. Effluent BOD already was within 
design specifications. 

At the end of the following month all influent was diverted to process tank 
No. 2 while all clarifier feed continued originating from process tank No. 1. 
All sludge from the clarifier was returned to process tank No. 1. The gate in 
the common wall separating the two tanks was opened so that process tank 
No. 2 discharged into tank No. 1. The objective was to reduce the tempera-
ture of the influent which had been insufficiently cooled because of 
temporary heat exchanger start-up problems. Here, it was possible to use pro-
cess tank No. 2 as a means for cooling the influent (Fig. 29.2). 

Subsequently, sludge return gradually was switched entirely to process 
tank No. 2, equalizing the MLSS concentration in both tanks. 

Equilibrium Operation 

Flows 
Since start-up, char waste-water influent to the plant has averaged 310 000 

gal d"
1
 (1173 443 1 d"

1
) and has ranged between 195 000 (738134 1) and 

484 000 gal d"
1
 (1 832 085 1 d"

1
 ). 

Clarifier sludge return flow has been maintained at the higher of the two 
selectable return rates, about 350 gal d"

1
 (1325 1 min"*

1
) as measured by 'V 

notch weirs in the sludge-return troughs. This flow rate has permitted the 
development of high MLSS concentrations (over 7500 ppm) without fear of 
clogging the clarifier underflow distribution piping, a lesson was learned 
during start-up. Underflow SS concentration averages over 10 000 ppm. 
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Fig. 29.2a. Waste-water treatment plant process tanks. Fig. 29.2b. Schematic plan view of 
treatment plant process tanks (courtesy of Amstar Corp., New Orleans, LA, U.S.A.). 

Temperature 
Because of the greater than 2.4-day retention time, mixed liquor and 

effluent temperatures are more a function of ambient temperature than 
influent temperature. During the summer months, influent temperature was 
controlled so as not to exceed about 50°C. The ML temperature in process 
tank No. 2, which receives the influent, varied between 33 and 38°C during 
the hottest periods. The other process tank consistently remained 2—4°C 
lower. Mixed liquor winter operating temperatures have ranged between 11 
and 15°C. Biomass flocculation appeared excellent in both tanks throughout 
these periods. Comparing winter and summer operation, there has been no 
detectable difference in system performance including BOD removal and the 
amount and quality of sludge produced. 
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Dissolved Oxygen 
Oxygen admitted to the system at the aerator has averaged about 1.1 lb 

oxygen per lb BOD removed (1.1 kg kg"
1
). Total oxygen absorbed by the 

ML in the process is estimated at ca. 1.3—1.5 lb oxygen per lb BOD removed 
(1.3-1.5 kg kg"

1
). 

Nutrients 
Nitrogen and phosphorus addition has been consistent at 60 and 8 lb 

(27.2 and 3.6 kg) per day, respectively. This is equivalent to a BOD/N/P 
ratio of 100/2.7/0.36. In consideration of the Ν and Ρ naturally contained 
in the char waste-water influent stream, the total Ν and Ρ supplied to the 
system average close to the standard ratio of 100/5/1. Now that a full year 
has passed with excellent results at that nutrient supply level, experiments 
are planned to evaluate the effect of reduced nutrient supply rates as had 
proven successful during pilot operations. 

Overall Process Results 
Since the first effluent was directed to the river, all Chalmette char 

waste-water has been processed through the waste-water treatment plant. Its 
quality has consistently met design specifications. BOD removal has averaged 
more than 98%. 

Sludge Thickening and Wasting 

The MLSS concentration steadily increased in both tanks, reaching 6000 
ppm, providing the first opportunity to test the 'wasting' system. The 
intention was to waste sludge solids at the calculated rate of production of 
approximately 600 lb d"

1
 so as to maintain MLSS concentration in the range 

of 5500—6500 ppm. A continuous wasting system was adopted. A 10 gal 
min"

1
 stream of return sludge is diverted to the thickener. Sludge concentra-

tion in the thickener increases from ca. 1% solids (as sludge underflow) to 
more than 3% solids. Over a period of from one to two weeks, the interface 
between settled solids and supernatant rises, nearly reaching the thickener 
overflow to the process tanks. At that time sludge is wasted and the thicken-
ing operation switched to thickener No. 2. With plenty of property at 
Chalmette, thickener sludge is disposed of on refinery property. The sludge 
is practically odorless and its water phase contains negligible BOD. 

Manning 

The plant has no full-time operator. Motor operating lights and alarms, 
as well as alarms for high level in the effluent wet-well, high effluent 
turbidity, high temperature and low instrument air-pressure, are provided on 
a panel located in the operating station for the refinery's freshwater treat-
ment plant at a remote location. In the event of an alarm, the operator there 
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(full-time coverage, seven days a week) notifies an appropriate supervisor. 
The instrument room/laboratory for the waste-water treatment plant 
contains the turbidity recorder, temperature recorders for the mixed liquor 
of both process tanks and the influent waste-water, aerator ammeter 
indicators and cycle timers, influent flow meter/integrator, and refrigerated 
storage and collection facilities for a daily composite sample of effluent. 
Once daily, a laboratory analyst collects samples and performs analyses on 
some of them at the site laboratory. He also reviews and logs the general 
plant operation through making appropriate observations of the process, 
equipment, recorders, and indicators. Manhours for the inspection and 
analytical functions outlined average about 12.5 h per week. 

Conclusions 

After two year's plant-scale operation, it can be reported that the 
operators are fully satisfied in having achieved the project's objectives: 

(1) Effluent quality is well within design requirements and appears crystal 
clear. 

(2) Project economics are very favorable: (a) capital cost was significantly 
less than the estimated cost of any of the alternative processes considered; 
(b) operating and maintenance costs are low with no unanticipated expenses 
or breakdowns. 

(3) The process operates easily without need for frequent adjustment or 
other attention by highly skilled personnel. 

(4) The process has proved its capability in accepting shock loads and 
periods of starvation without upset. 

(5) The process operates without nuisance side-effects such as odor or 
noise. It yields low volumes of an odorless disposable sludge easily dried 
under ambient conditions, in spite of an unusually wet climate. 

(6) The above listed objectives have been accomplished in a plant having 
only seven primary mechanical drives: three for the process; one effluent 
pump; and, two fractional-h.p. metering pumps. Total power consumption 
averages only ca. 78 Κ VA. 
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Chapter 30 

USE OF COMPUTERS IN THE SUGAR INDUSTRY 

WARREN L. REED 

We are in the computer age, and the influence of computers is pervading 
every aspect of man's life. The sugar industry is no exception. 

The spread of microprocessors in control systems used by industry has 
been phenomenal. The handling of all the massive quantities of routine and 
tedious detail in orders, inventory, payroll, etc. has been observed in almost 
all companies by almost everyone. Newer uses such as in communications, 
security, automatic typewriting, automatic graphing, in addition to process 
control, indicate only a part of the computer potential which will continue 
to affect every individual and every industry. 

Before getting down to specifics, four recent comments concerning com-
puters are worthy of mention here: 

"Computer technology is proliferating so fast that industries cannot yet 
take full advantage of the technology".

a 

This suggests that every refinery should have at least one computer expert 
on its staff, and that computer-oriented ideas should be investigated and 
developed. 

'One of the disadvantages of computers is their tendency to foster a trend 
toward the abstract and away from reality. As computers and controls get 
more complicated and take over more and more decision making functions, 
there will be a strong tendency for operators to be less familiar with proces-
ses and less able to move fast from a passive, onlooking position to an active 
role in an emergency."

b 

This should not be considered a disadvantage, but rather a factor to be con-
sidered. It points out the importance for all involved to understand what 
computers can do, what any computerized controller has been programmed 
to do in any given situation, and also to understand the sugar technology 
hidden back of the new controls. This understanding is also necessary for 
further improvements. 

"Companies without plans for widespread use of computers may not be 
able to survive. If something has a moving part or provides information, it 
might profitably use a microprocessor."

0 

Although not said with the sugar industry and sugar refineries in mind, this 
a
F o x b o r o Corporation, in the May 1979 issue of Chemical Week. b
Professor Sheridan of M.I.T. at a recent Technical Convention. c
 Dr. Kanning, Batelle Laboratories. 
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statement does help to reinforce other statements concerning the great value 
and importance of computers to everyone in manufacturing. 

"Computer control improves performance of the unit operation where 
conventional control systems are characterized by any or all of the fol-
lowing three conditions: (1) all controllable disturbances are not kept out 
of the system; (2) there are uncontrollable disturbances for which there is 
no compensation; (3) manually-adjusted controller set-points are on variables 
of only indirect interest. With computer control systems, it is possible to 
calculate, specify and control performance variables which previously could 
be neither measured nor controlled.''

a 

A too-tightly designed process control system may be beautiful today but 
might require very expensive changes to adjust to widely different input 
material, different product mix, or to new and more advanced computer 
process technologies. This would be particularly true if entire plant were 
designed, for example, for one type of raw sugar and there were then signif-
icant changes in the input material to the system. The caution here is, in 
any design, be sure there is adequate room for economical correction. 

Manufacturers 

Computerized systems are proliferating at a tremendous rate, therefore, 
any listing of producers and units available is not practical. The following 
three companies are mentioned specifically; however, there are many other 
good companies in the field (anyone not familiar with the subject should 
therefore check current literature as well as the references to this chapter): 

(1) Hewlett—Packard products are illustrated and described briefly in this 
chapter, as they are one of the top-quality producers of programmable 
calculators, computers and data-logging systems. They have also been exten-
sively featured in many of the references on computer uses in the sugar 
industry. 

(2) Radio Shack is also featured, because of its general availability, its 
economical price range for small computers, and its large selection of compo-
nents available to anyone. Its use of modular 'add-on' systems is particularly 
helpful to the small, low-budget company or department. 

(3) Foxboro is a worldwide instrumentations company with a good repu-
tation in the sugar industry. Many of the references refer to process control 
systems designed by Foxboro. 

Computer Use in the Sugar Industry 

The broad areas of use for computers in the sugar industry are: 
(1) running a current refinery more efficiently; 

Computer Control, Chemical Engineers' Handbook, pp. 22—105. 
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(2) designing and constituting improvements to current processes; 
(3) designing and constituting part of new plants. 
The economic situation in the sugar industry does not always encourage 

investment of the size necessary to build a new plant unless in an area not 
already served by a refinery, or unless some revolutionary process is devel-
oped which justifies special expenditure. In any case, the design of a new 
plant is beyond the scope of this chapter. It would be carried out by a team 
of experts, many of whom would be well experienced in computers. This 
chapter, therefore, will emphasize uses (1) and (2) above. 

Running a Refinery More Efficiently 

The complexity of the refining process requires a large amount of data 
for decisions and for control, and extensive data processing to get the most 
out of available data and to permit individual operating decisions to be as 
efficient as possible. The computer is a great help in this respect, as it can 
process data fast enough to permit economical improvements in these indi-
vidual daily decisions. It can provide more data, and thus permit more 
refined operating decisions. Much of the data, which are necessarily obtained 
and processed for basic operational controls, can do double duty, through 
analysis, by providing the basis for mathematical process models. Many of 
the programs in the references indicate where straight analytical data from a 
sample or a piece of plant data are used for a production decision, whereas 
now, with programmable calculators, these data can be processed using 
formulas or with other data to provide much better decision-making control. 
These models are discussed below as a necessary requirement for process 
improvement designs. 

Process Control Improvements 

Improvements in the process and in process control can be made using 
computers in the designing as well as computers in the actual control itself. 
The technology of sugar refining is already at such a high level there is very 
little room between the current operating conditions in a good plant and the 
theoretical limits for that process. The use of the latest computerized 
controls, however, permits achievements much closer to the theoretical 
limit. Improved operating data and processing of those data as previously 
discussed provide the necessary detailed basis for designing these refinements 
in process control which are so important now in the light of the world's 
energy situation. 

Feedback Control 
This is a description of a closed-loop control system in which information 

on the controlled variable is fed back into process to control the variable. 
If done by an operator, this is normal control. If done by use of instruments, 
it is automatic control. 
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Feed-forward Control 
This becoming more prevalent because of the computational ability now 

available to controls in which process requirements and the requirements of 
changes in any process variable may be calculated and set for directly. This 
is faster and can reduce the cycling and variation in the process compared 
with waiting for feedback control. 

Cascade Control 
The combination of Feed-Forward and Feedback control in which a con-

troller computes and sets the setpoint for another controller is Cascade 
Control. This is commonly used to compensate for any imperfection 
between the actual process and the process model used for the design. 

Since the design of any control is based on the mathematical process 
model of the process itself, a good accurate and complete process model is a 
fundamental requirement. The latter part of this chapter will be concerned 
with these first steps in computer use, the development of mathematical 
models and the development of the bases for computerized controls. 

Types of Computer 

There are two types of computer, analog and digital. The analog com-
puters get their name from the word analogue which means 'similar to'. 
These computers take a parameter or physical property of interest and con-
vert its value into a position on a dial which is relative to its actual value. 
An observer then reads the position of a dial hand against a scale, for exam-
ple a voltmeter, an old-style clock, or a speedometer on a car. These convert 
the measurement of a desired value into a degree of rotation on a shaft, 

Fig. 30 .1 . Illustration of flow through various units of a computer. 
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measureable against a scale. These are simpler than digital computers in 
many cases but not usually as accurate. 

A digital computer is much more useful as it handles single, discrete 
values, but in huge numbers and at great speeds. It can thus be inherently 
more accurate than an analog computer. The scale on a regular 10 in slide 
rule (or its equivalent in a 4 in circular slide rule) can in general give an 
accuracy to three decimal places. A modern digital desk-top calculator 
which goes to 10—12 significant figures would require a circular slide rule 
equivalent to the circumference of the earth for equal accuracy. Digital 
computers are the main subject for this chapter. 

A digital computer system is composed of several parts, as illustrated in 
Fig. 30.1. A 'computer' is a device in which the sequence of steps that are 

Fig. 30 .2 . Hewlett—Packard calculator (courtesy of Hewlett—Packard Computer Div 
Fort Collins, CO, U.S.A.). 
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used to solve a problem are carried out without human intervention. A 'cal-
culator' is a computer in which the steps are completely controlled by 
human operator (see Fig. 30.2, for example). This basic distinction has 
become blurred as computers are frequently designed to obtain input or an-
swers to questions from operators, and conversely, calculators are now high-
ly programmable which means that they can carry out complex operations 
without human intervention. Many of the desk-top calculators and even 
some of the smaller programmable calculators can now take input from 
instruments, data loggers, and other equipment (Fig. 30.3). These terms are 
defined in the Appendix (I) to this chapter, and further details can be ob-
tained by reference to works cited in the bibliography. 

Programmable desk-top calculator 
The Hewlett—Packard programmable calculator, or its equivalent is one 

Fig. 30 .3 . Hewlett—Packard desk-top computer with display, printer and graphics printout 
(courtesy of Hewlett—Packard, Computer Div., Fort Collins, CO, U.S.A.). 
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of the most practical types of desk calculator available today, which could be 
used by everyone in technical work who does not have convenient access to 
similar or larger computers. Its accuracy, dependability and portability are 
unsurpassed. It can be used on rechargeable batteries or regular house cur-
rent. Its growing library of programs makes it useful for engineers, laboratory 
personnel, designers, managers and all departments. It is also compatible 
with the HP-67 pocket calculator and the more recent HP-41. The appendix 
and references include many programs made for this machine.. 

Hierarchy of Computer Control 

There are about five levels of computer control which may be identified: 
(1) Unit Operation Control. This is the control of an individual piece of 

process equipment — a flowmeter which dispenses a processing additive in 
proportion to the flow in a given stream, for example. 

(2) Unit Process Control. This is the control of several individual pieces 
of equipment which must be coordinated to achieve a specific result — a series 
of flowmeters, temperature controllers, etc. which control the clarification 
of the main-stream liquor, for example. 

Fig. 30 .4 . Plant control room showing semi-graphic control panel (courtesy of Foxboro 
Co., Foxboro, MA, U.S.A.). 
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(3) Plant Control. This would be the control of the entire collection of 
processes at one refinery, such as the affination station, clarification station, 
decolorization station, etc. through the pan boiling, dry sugar processing, 
packing, and shipping in a sugar refinery. (See Fig. 30.4, which shows a 
typical control room in a completely controlled plant. Note the semi-graphic 
panels, which illustrate the process in pictorial form, provide direct indica-
tion of operating values and set points along with alarms. Access to all 
regular instrumentation and computerized controls, as well as data collection 
and printout facilities, is conveniently placed.) 

(4) Departmental Control. This would cover integrated relationships of 
costs, demands, non-standard operations, etc. throughout the plant. 

(5) Corporate Control. This could be the interrelationship of several 
plants, the industry through market and governmental requirements, overall 
costs, or other reactions and relationships. 

This is a very broad and general description; (4) and (5) would generally 
not be of immediate interest to process technologists. The first three subjects 
are basic to process control and are what is referred to in this chapter. 

Mathematical Models 

Mathematical models are needed to understand and evaluate any process 
in addition to their use as a basis for devising computer controls. A math-
ematical model is basically a block diagram of identified equipment and 
stream flows, and operating parameters. A material balance is also needed 
which will give flow rates and balances of all quantities, including volume, 
weight, heat, impurities, residence time and other process data. For devising 
process control systems, these models and balances are basic but in addition, 
data will be needed on sensors, response rates, compatibility with process, 
and other instrument data. As the instrument department generally supplies 
recommendations in this area, only the mathematical process models will be 
discussed here. 

Example of a Model for Saving Washings 
The cut-off point for saving sweet-water and other washings involves the 

weighting of many factors to provide optimum overall financial balance. It 
provides an example of the increase in sophistication of the control of just 
one process step in sugar refining. 

Many of the controls used in manual control in the past came from exper-
ience, or 'rules of thumb' handed down, which were the best available at 
the time. (Present process control now comes from actual data and knowl-
edge of all the relationships involved.) The determination of the separation 
point in the washing cycle between sweet-water (returned to system) and 
waste-water (discarded to sewer) used to be determined at some density or 
purity point such as 2°Brix, or 45 purity. The exact point may have been 
determined by arbitrary decision by management or by some rough guide 
such as the capacity of the evaporators, or amount of sweet-water which 
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can be reused, or an estimated balance between recovery cost and the value 
of recovered molasses and sucrose, etc. However, it is likely that if the plant 
control in this area had not been re-examined in recent years, it would not 
be at the optimum cut-off point. In addition to any inaccuracy in old 
estimates, new factors have been added such as the rapid rise in the cost of 
energy, limits and fees for discharging material to sewers or other waste 
areas, possible changes in capacity of plant, or addition or subtraction of 
other sweet-water produced, process changes,^tc. 

The following is an example of development in control of this one point 
in refining process control from the rough and possibly arbitrary or estimated 
control of thirty years ago to today: 

(1) In 1958, a modern improvement in the rough control-point was 
illustrated by the paper of Culp and Dmitrovsky (1957) published by the 
American Sugar Company (currently Amstar Corp.) entitled "Economic 
Disposal of Sweet-water". Although just written for char-filter washings, it 
illustrated the balancing of many factors through a mathematical model to 
determine the optimum value of the control point. Instead of always using 
2°Brix or 45 purity for the cut-off point, new factors were added and a 
variable cut-off point for better optimization was determined. 

(2) The next step in the development of control of this point occurred 
some 20 years later, when a small programmable calculator was able to 
provide greater speed and flexibility by eliminating the need for graphs and 
nomograms and permitted adjustments, daily, if desired, to various market 
and cost conditions. These modern programs can handle many more con-
straints and relationships than can be handled by any graph, an example 
program of this type being given in the Appendix II. Also, all these relation-
ships and constraints can be put into an equation which provides an instanta-
neous solution to any combination of an almost infinite number of data in-
puts. No interpolation or estimation is needed as with graphs or nomograms. 

Frequent optimization of all the factors in this process point can now be 
done. With the newer controls available and the data processing speed now 
available, one can not only evaluate all the factors involved and all the pro-
cess requirements needed for information and general control, but can 
actually adjust to daily changes in the factors themselves. It should be noted 
that this still leaves the decision on each unit to the operator, but his control 
rules have been brought up to date by entry of the latest appropriate 
economic constants. 

(3) If desired, one could go further and have the cut-off point automatical-
ly determined and the program (as illustrated in the appendix) would be part 
of the control. There would also be a provision whereby at any time new 
values for the constants could be put in and the sweet-water would be 
diverted automatically at the break-even point. With automatic sample 
measurement, these sophisticated computer controls could eliminate the 
operator and control the process at a continually adjusted optimum point. 

This last step may not be financially practical in many cases unless there 
are many streams needing attention; however, technically it can be done 



476 

and represents not only automatic control but also a step towards automatic 
optimization and updating of controls. 

(4) Higher in the computer hierarchy the correction data could be 
obtained and automatically entered by other computers, thus eliminating 
individual intervention even at a higher level. 

Process Instrumentation 

There is a large, and still growing number of sensors that are available for 
control purposes. With the computational ability of modern, very compact 
computer controls, it is not necessary to consider what to use for a control 
signal but merely what parameter it is desired to control. The instrument 
engineer can usually select from a variety of types the one that suits the 
conditions. 

For example, level control can be done by weight, by acoustics, by light, 
physical contact, by conductivity, or by capacitance, to list just some of the 
broad categories. Within those types, there are choices depending upon the 
accuracy and range desired, cost, compatibility, and other factors. For 
example, the category by weight could be subdivided by types of sensor 
to include dP cells, springs, magnetic field displacement, etc. 

This chapter assumes that any parameter of interest has, or can be, 
measured and controlled by the appropriate sensor with an equally appro-
priate control. 

Linear Regression 

One of the most useful, simple operations which a small desk top program-
mable calculator or mini-computer can carry out is linear regression on two 
or more variables. This operation can also be programmed into computer 
controls where desirable. This can provide more information from a given 
set of data than may be evident from a visual examination. This extra 
information will then permit more efficient operation. A good example is the 
simple relationship between the oil used in running a refinery and the melt 
processed through the refinery (Table I). This example is used by the author 
in one of the references cited (Reed, 1977). 

These data represent a northern refinery which had an average year of 
5900 degree days. Note that the monthly oil usage per unit melt varied over 
6% from the yearly average, a spread of over 12% in monthly oil consump-
tion rates per unit melt when based on melt alone. If any new controls, new 
operations, or special events were evaluated during that period, erroneous 
conclusions would be drawn because the straight oil/melt ratio does not 
include the effect of all the variables. 

By correcting for the heat loss due to conduction and convection losses by 
use of degree-day data (degree days = 65 - T°F), over three-quarters of 
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the monthly variation was removed and what is left better represents the 
processing use related to melt. The next step would be further linear regres-
sion on the operating data including melt-rate, down-time, process changes, 
and other factors to get more refined oil usage value. By separating the 
actual effect of these factors on oil usage, one can better improve ones 
system and energy efficiency. (The HP-9815 desk-top calculator can handle 
regression up to 11 variables.) 

TABLE I 

Fuel oil consumed in refinery (weekly gal X 1000) 

Month Based on Actual Based on Gallons/ Gallons/ 
melt only melt and 

degree days 
1000 lb melt 10001b melt 

corrected for 
degree-day 
heat loss 

January 203 .2 218.6 219 .4 21 .20 18 .23 
February 198 .3 214.0 214.8 21.27 18 .18 
March 198.1 212.4 207.5 21 .13 18 .75 
April 195 .0 197 .2 195.0 19 .94 18.47 
May 216.7 210.7 209.6 19.17 18 .56 
June 202.7 189.7 189.5 18.49 18 .36 
July 177 .9 162.5 163 .4 18 .02 18 .00 
August 218 .0 201.6 204.5 18 .23 18 .21 
September 220 .9 209.6 210.1 18 .70 18 .43 
October 211.0 205.7 205 .6 19 .22 18 .42 
November 189.6 192.9 192.5 20.05 18 .24 
December 183.7 192.8 197 .0 20 .69 17.67 
Average 
variation 
from actual ±12 0 ±2.3 ±1.20 ±0.28 

Since the linear regression is automatic on a program, it does not have to 
be reserved for special cases like that exemplified above; it can be used on 
daily process operating data to check certain control ratios such as ratio of 
main stream carbonatation solids to melt solids. For example, a simple 
process control procedure would include the Magflow meter volumetric 
data of main-stream effluent from affination station along with the Brix data 
and the Servo—Balans melt-scale reading. A simple program corrects actual 
readings to true values, and through linear regression smooths out the 
relationship curves and with the sucrose program puts all the data together 
to produce correct weighted totals and the desired ratio of processed main-
stream solids to melt solids. This is an automatic check on the amount of 
recirculated solids, the relative accuracy of the individual data points, and 
the consistency of all the data and a verification that magmeter and entire 
control system is probably working right, and that carbonatation treatment 
(or any other treatment controlled by the Magflow meter data) is correct. 
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Data Processing 

Data can be automatically processed directly from plant sensor data or 
transducer inputs, or data can be stored and processed separately. Thus, data 
can control the process and also provide the input to an ongoing evaluation, 
as well as providing discrete values which can be further used in special 
formulas to yield broad relationships. This is very useful and frequently 
provides the data needed for the mathematical models previously discussed. 
Data Loggers (Fig. 30.5) have the following process and presentation capabil-
ities: J,K,T thermocouple linearization; large data storage on tape cartridge; 
user linearization table; 16-character thermal printout; decision-making 
capability; optional graphical or formatted data printout; statistical data 
analysis. 

Fig. 30.5. HP3051A data logger for process evaluation use (courtesy of Hewlett—Packard, 
Computer Div., Fort Collins, CO, U.S.A.). 
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Process Data Storage 

One of the useful functions of computer peripherals is the storing of data. 
This is not only convenient in terms of space, but has the tremendous ad-
vantage that it is available for use in programs and control functions. Data 
storage can be on cards, cartridges or discs and 2.5 million pieces of informa-
tion is modest storage by today's capacity standards. 

Many new developments, such as the advances in Magnetic Bubble 
Memories portend massive data storage in very compact volumes in the near 
future. 

Storage of Tables by Program 

By the use of formulas composed of polynomials or ingenious mathemat-
ical terms which tend to match the variable more directly (and hence make 
the data more accurate), it is possible to convert practically any tabular 
data into a simple equation which can then be used as part of a more 
involved relationship or program. This means that one can go direct from 
measured data to final desired answer without stopping and converting a 
measurement into another value from the table. This is important, for 
example, if one wished to convert from a measured physical value to a true 
tabular value of a sucrose property. 

One such formula is the one relating refractive index to degrees Brix. The 
formula can then permit a 'chip' to be installed in a piece of equipment 
which can take an R.I. input signal and convert it mathematically to Brix 
and then actuate a display or use the Brix value in further calculations. By 
combining polarization readings in equivalent digital units with Refractive 
Index units, converted to equivalent Brix values, one can come out with an 
automatic measurement of purity. The small size and economical production 
of these 'chips' which can do so much, make the use of many programs and 
many special instruments possible. 

For example, the measurement of color absorbancy and many other 
values are measured on volumes of solutions along with the Brix value and 
need conversion of brix values to concentration values to put data on a dry 
basis. The simple program listed in the appendix can be helpful by being put 
directly into the program. Straight transmittance data can thus be converted 
to M AU values automatically. 

Multiple Interpolation 

Multiple interpolation is most convenient when tabular values are stored 
by using the following simple technique. For sets of values of three variables 
a series of equations are made for two of the variables at fixed values of the 
third variable. An equation is then made between the constants of those 
equations and the third variable. This produces an equation combining all 
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three variables and thus permits use of any combination of values of the two 
independent variables to get the value of the dependent variable. Since much 
of the data one starts with has original experimental errors in it, this process, 
which smooths out the curves, can at times provide even more accurate rela-
tive values. 

Communication 

Computers can communicate by actuating alarms, signals on control 
boards, by video display, by actuating other communication devices as well 
as by extremely fast print out of either numbers or words. The type and 
amount of communication needed is based entirely on the needs of the user 
and the programming that is devised and set up. 

Improved Instrumentation and Control 

One of the less obvious uses of computers is the possible revitalization of 
expensive equipment or systems which cannot be economically replaced. 
This could have a large potential in the sugar industry, where there are 
considerable quantities of old equipment whose replacement cannot econom-
ically be justified. (See the brief article (Inst. Control Syst., 1979) on revital-
ization of a Pratt and Whitney numerical drilling machine, Model M 3042A 
which cost $30 000 in 1962.) The older controls and electronic logic have 
been replaced and the machine now works better than it did originally. 
Modern blending stations now permit additions and treatment of production 
streams by simple digital dialing. Production of blends of finished materials 
in any quantity and any proportions can now be done by simple dialing of 
desired values. This eliminates need of storage of mixtures by permitting 
immediate production as needed (Fig. 30.5). 

To give some further examples of the potential available in computers, an 
article in "Futurist" is significant (Roland, 1979). 

Now that the problems of size and cost in computers have been solved to 
a great degree, as computer costs continue to decline and as computers and 
computerized technology continue their rapid advance, the main problem 
left in optimizing the use of computers is knowledge and ability to operate 
this technology. This is why it is important for sugar personnel to think, plan 
and work with computers wherever possible. 

Computer Graphics 

Computer controlled designs are now being drawn on the drawing board. 
Automatic plotters have been in use for years but there is now software 
available which can digitize piping symbols and any other forms and store 
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Fig. 30.6 . Digital production control (courtesy of Hewlett—Packard, Computer Div., Fort 
Collins, CO, U.S.A.). 

them in the computer for instant use at any time. Working with a CRT, a 
designer can produce workable plans, edit, enlarge and reduce, etc. in a frac-
tion of the time required for straight drafting. 

Here again, the statement "The technology is changing so fast that we 
have a hard time keeping up with it, and we're in the business" is representa-
tive of all aspects of the computer field*. 

Automatic graphing of data provides a clearer picture of a process and 
process changes than tables of values. It also permits individual decisions on 
where to measure rates of change, how to process data further, etc. which 
could not be anticipated or set up in any of the process control equipment. 

*Mr. Thomas McGill, Chairman of Master Design Corporation, a leader in computer 
graphics. 
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Fig. 30.7. Automatic data plot. 

The plot (Fig. 30.7) given here was made automatically in a few minutes on 
an HP-9872 Graph Plotter. Note that the Raw Sugar Color and the corre-
sponding plant Melt Liquor colors can be correlated by either point 
matching, or by simple programming. It can also provide color averages over 
any given quantity of melt and melt liquor. Programs can be made to smooth 
these data determining rates or cumulative values at any point, or to handle 
these data in any desired fashion. The accuracy and speed and almost infinite 
variety of procedures available make this an ideal way to maximize the value 
of point data formerly used for very simple graphs or averages. (In actual 
practice, these graphs are drawn on transparent "Herculene" drafting film 
permitting exact overlay and matching of data.) The original is much clearer, 
since there are four colors available for the curves. The data are reproduced 
accurately to a fraction of a millimeter. It is much more accurate than hand 
graphing as well as being 100—1000 times faster. This permits the produc-
tion and more use of graphed data which is important in processing involving 
many variables all involved at once. 
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Original data can be taken from the process as produced, although in 
most cases, it is more practical to datalog the data at intervals of 10 s, 1 min, 
1 h, etc., and subsequently to put a week's data through the plotter in a few 
minutes. 

Automatic graphs, which are accurate to a fraction of a millimeter even 
where the area of the graph is 28 X 40 cm, provide opportunity for accurate 
correlations and obtaining matching data at pofnts even where point data are 
not available directly. Use of cumulative plots allows for considerable correc-
tion of errors and more accurate determination of rates than can be deter-
mined any other way. Data can be stored and any two variables can be 
accurately plotted automatically to any size and scale. 

Conclusion 

The changes taking place in all aspects of computer construction and 
computer use in the sugar industry are so rapid that reference books and 
articles on the subject are rapidly outdated. Second- and third-generation 
technologies are often available to replace first-generation equipment even 
before the first-generation equipment is fully market-tested and 'debugged'. 

Any company, regardless of location and size, should have one or more 
people on its staff who are well versed in computers and microprocessors. 
Investigation should be made of local instrument companies, colleges and 
universities, etc. for training courses which include video cassettes and 
actually student constructed microprocessing systems. The attendance at 
seminars at nearby locations, or even holding of seminars in plant can better 
prepare the sugar technologist and bring the largest amount of computer 
technology down to the greatest action level. 

It seems more important for a sugar technologist to learn how to think 
and use computer language, and be computer oriented, than the reverse 
which is to have a computer expert try to learn enough about sugar tech-
nology and to be proficient in design of sugar processing controls and 
systems. 

Since the world is going to be run by computers, it is necessary to be able 
to think and design in such a fashion as to take advantage of the tremendous 
savings they can produce in optimizing processing control, fast processing 
and maximum use of detailed routine data, and use in all areas of the sugar 
industry. 

Manufacturers 

Burroughs Corp., Burroughs Plaza, Detroit, MI, U.S.A. 
Foxboro Co., Foxboro, MA, U.S.A. 
Hewlett—Packard Co., Palo Alto, CA, U.S.A. 
Radio Shack (Div. of Tandy Corp.), Fort Worth, TX, U.S.A. 
Texas Instruments Co., Industrial Controls Marketing, Johnson City, TN, U.S.A. 
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APPENDIX I 

Carbonatation of High-density Washed Sugar Liquors 

FRANK M. CHAPMAN"** 

Summary 

Defecation by carbonatation has been used by some refineries for more 
than 75 years. It is a robust process which requires no particular skill in 
operation and the reagents used are cheap. On the other hand, the plant is 
heavy and bulky, cleaning of flue-gas before compression can be trouble-
some, lime plant is dirty and expensive to maintain, and the disposal of the 
sludge can be a problem. Cotton filter cloths rapidly choke with silicious 
'ash', and it is desirable to use more expensive materials like monofilament 
polypropylene. 

The design and arrangement of plant for the various operations is dis-
cussed and some data is given on the performance of filters. 

Introduction 

Carbonatation, as the word indicates, is a process of precipitating calcium 
carbonate in a liquor. The process involves two stages, the first of which 
involves the formation of a voluminous and gelatinous precipitate with a 
very large surface area on which can be adsorbed color bodies and a propor-
tion of the less soluble salts, e.g. sulphates. This first stage can be conducted 
at a temperature of 60—80°C (140—176°F). The second stage involves the 
conditioning of the precipitate in order to improve its filterability, and this 
stage is generally, though not invariably, conducted at a temperature of 
80-85°C (176-185°F). 

Fundamentals of the Process 

As is usual in industrial processes, carbonatation involves a succession of 
compromises between conflicting aims. Nothing could be easier than to 
inject at the bottom of a vertical pipe the appropriate proportions of liquor, 
milk of lime, and C02. From the top of the pipe (after a residence time of a 
few seconds) will issue a liquor which is adequately defecated, and this 
process of 'tube carbonatation' was becoming popular in East German sugar 

Deceased. 
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factories in 1938—1939. But with liquor of 65—68°Brix, the precipitate 
cannot be filtered. 

Batch carbonatation of 65°Brix liquor was practiced in the Tate refineries 
in England for 50—60 years. Lime cream (0.5% CaO on solids) was added in 
one or more doses, and the liquor was simultaneously gassed and heated to 
a final temperature of about 85°C (185°F). Maximum decolorization was 
obtained when all the lime had been added, and color steadily increased 
until the finish t)f gassing, which normally occurred at about pH 9.1. 

The intersections of the curves of rising temperature and decreasing pH 
was a matter of chance, and filtration was variable. A 'bad tank' would 
slime all the presses and result in a great wave of sluice water through the 
mud press circuit. 

Continuous carbonatation did nothing to improve defecation, but because 
it led to steadier operation and much better control of temperature before 
pH dropped below 9.6, filtration was greatly improved. 

Plant Used for Continuous Carbonatation 

Batch carbonatation has nothing to recommend it, and has been aban-
doned in refinery practice. There are variations in the arrangement of contin-
uous gassing plants, but these are due mainly to local geography and personal 

Fig. 21.4 . Carbonatation station (courtesy of BMA, Braunschweig, G.F.R.). 



328 

preference. The plant shown in Figs. 21.4 and 21.5 can be considered as a 
modern arrangement, and incorporates the best features of some recent 
installations. 

103^ -

Pressure F l o o d i n g 
correct ion p r e s s e s 
to p resses 

Fig. 21 .5 . Diagrammatic representation of carbonatation plant for a melt of 4 Χ 1 0

6
 lb 

per day (CaO = 0.3—0.8%). 

Key 
101 Bin for crushed (rice-size) quicklime (capacity 6 0 0 0 f t

3
) . 

102 Disc or Redler Conveyor. 
103 Hopper for receiving lime from cars and for refilling 105. 
104 Return lime connection. 
105 Pocket in lime bin — supplies 106 (capacity 1000 f t

3
 ). 

106 Lime weight (or volumetric feeder) 10—35 lb per dump. 
107 Water doser (capacity 20—100 lb per dump; valve 113 is time-operated). 
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Fig. 21.5. Key (continued) 

108 Melter liquor storage tank (capacity 5 0 0 f t

3
) . 

109 Brix adjusting section (Brix controlled from press station). 
110 Lime (water mixer 6 in. solid flight conveyor driven from dry end). 
111 Plug valve (liquor doser inlet air to open weight to close). 
112 Plug valve (liquor doser outlet operates in unison with valve 113 and discharge rate 

of 106) . 
113 Plug valve (water doser to 110; air to open, weight to close; operates in unison with 

112) . 
114 Dosing flask — liquor (capacity 80 f t

3
 ). 

115 Flow-equalizing tank (capacity to overflow 80 f t

3
 internal pocket supplies 117) . 

116 Flow-equalizing valve (manual setting). 
117 Liquor supply to wash lime down to distributing tank 118. 
118 Distributing tank — lime (capacity 10 f t

3
 with movable standpipe 119) . 

119 Movable standpipe (allows lime to run to tank 130, or in emergency to 131) . 
120 Vents to atmosphere. 
121 Economiser — 5 ft diameter by 10 ft high (perforated shelves at 18 in centers). 
122 Seal; pot — 6 submergence (prevents exhaust from 132 reaching 115) . 
123 Vent from 121 to 130. 
124 Vent from 132 to 121 . 
125 Variable-speed timer (controls cycle of valves 111 , 112 , 113 and gates of 106; 

impulse from presses). 
126 Flow-equalizing pocket for return liquor from presses (this fills as 147 fills). 
127 Connection from return (unfiltered) liquor tank. 
128 pH-controller tank 2. 
129 pH-controller tank 3. 
130—2 Gassing tanks (each tank 1100 f t

3
 capacity when liquor level is 7 ft above gas 

pipes. 
133 Pressure supply-tanks — capacity (at top inlet) 1 0 0 0 f t

3
 . This tank has five inlets 

backing up (130—2) to 9 ft, 8 ft, 7 ft, 6 ft, and 5 ft, and so varying residence-time 
in gassing tanks. 

134 Level control-valves for tanks 130—132. 
135—7 Gas control-valves (rubber lined) pH controlled by 128 and 129. 
138 Steam control-valve (thermostatically operated), emergency heating for tank 132. 
139 Circulating pump (liquor to vapor heater 130, capacity 100 f t

3
 m i n

1
, 50 ft head). 

140 Contact heater for liquor to 132 (diameter 6 ft, depth 18 ft). 
141 Separator (18 in diameter X 30 in high). 
142 Vacuum pump (capacity 500 f t

3
 m i n

1
 ). 

143 Seal tank (capacity 5 f t

3
) . 

144 Vapor supply 85—90°C from evaporators. 
145 Valve (vapor-pressure control) impulsed from downstream. Normal setting 14 in 

of Hg. 
146 Pressure supply to liquor presses. 
147 Press flooding tank (capacity 3 0 0 f t

3
 ) gives 6 ft head on presses. 

148 Volume signal to timer 125. 
149 Flue gas supply to scrubber 150. 
150 Flue gas scrubber (water) 7 ft diameter X 18 ft high wood packed. 
151 Muddy water supply to 150. 
152 'Bosh' seal for 150. 
153 Flue gas scrubber (soda) 4 f t

2
 X 12 ft high (wood-packed). 

154 Soda circulating tank. 
155 Pump, soda circulating (10 f t

3
 min"

1
, 25 ft head). 

156 Control panel. 
157 Brix control for 109. 
158 Control for weight of lime dose from 106. 
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Fig. 21.5. Key (continued). 

159 Quick-opening manhole doors, with towel rail above. 
160—2 Nash pumps (flue gas) or equivalent each delivering 2400 f t

3
 min"

1
 against 

22 psisa ( 3 6 0 0 f t

3
 m i n

1
 at N.T.P.). Normally run 1 or 2. 

163 Plan view of gassing pipes (branches — 4 in bore perforated at 4-6-8 o.c. with 3 /8 in 
holes). Al low for 80—90% gassing in tanks 1 and 2, 20% gassing in tank 3. 
Pipes secured a room by clamp bar. Outer end sits in 12 in-deep forks. 

Comments on Items of Equipment 

Lime Bin (Fig. 21.5 101) 
Rice-size quicklime is a good material to handle and discharges well from 

hopper cars. The bin should be totally enclosed. The lime added to the 
liquor should all go into solution, and it is evident that air slaking is not only 
done at the wrong temperature, but that chalk made by contact with air can 
do nothing to improve either defecation or filtration. 

Proportioning of Liquor and Lime 
This can be done in several ways, as milk or as solid. It is wise to plan to 

use up to 0.8% on solids and, under these circumstances, 20°Brix milk of 
lime causes excessive dilution and requires the melter to be run both heavy 
and too hot. It seems better to elevate lime dry and to make lime paste or 
cream (which will disperse in liquor) and then to flush this downhill with a 
little sugar liquor. There is reason to believe that lime slaked at or near 
boiling point is more finely divided and, ideally, all the lime should go into 
solution. Generally, lime is added directly to the first carbonatation tank 
where the prevailing pH may be 9.5—10.0. The main flow of liquor can be 
measured in a steel flask which is filled and emptied by two poppet valves. 
These valves work on a variable time cycle, and are impulsed by an additive 
signal from tanks (Fig. 21.5,133 and 147) or from the liquor tanks ahead of 
bone char. Dry lime can be weighed or measured, the proportioner operating 
in unison with the liquor flask. A suitable minimum cycle is 60 s. Between 
the liquor flask and the first gassing tank is a flow-equalizing tank (Fig. 21.5, 
115) which lets the dose run through economizer (Fig. 21.5, 121) at a fairly 
steady rate. 

Economizer (Fig. 21.5, 121) 
As the gas bubbles through the liquor it becomes saturated with water 

vapor, and this heat loss (when using 0.5% CaO) on solids throughput, is 
equivalent to about 2% steam (on solids). If liquor entering the last gassing 
tank is reheated with first body vapor, this will reduce any financial loss by 
half, but it is nevertheless worthwhile to install an economizer to exchange 
heat in outgoing gas against incoming liquor. This can be done in a number 
of ways. The most elegant, but also the most costly method, is to use two 
packed towers, one in the incoming gas stream, the other in the exhaust gas 
stream, and through these to circulate water which is used to transfer latent 
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heat from one tower to the other. Alternatively, as in Sweden, the rich hot 
gas from the third tank is re-compressed and injected into the first tank. 
This is an economical arrangement in everything but power. A simpler but 
less efficient method is to cascade the incoming liquor through the outgoing 
gas, which recovers some of the latent heat, but does not strip the C02. 

Gassing Tanks 

Freeboard 
In batch carbonatation it was customary to use very deep tanks because of 

excessive foaming in the early stages of gassing. In continuous carbonatation, 
where the pH in the first tank is <10, 5 ft (1.5 m) of freeboard is enough. 
Residence time in tanks should be as short as filtration will permit, and 
(allowing for 30% recirculation in presses, etc.) valves (Fig. 21.5,134) allow 
residence time to be varied from a maximum of 120 min to a minimum of 
60 min. 

Number of Tanks 
Because gassing is done at two temperatures, there need be only two tanks 

but, in the author's opinion, it is preferable to have three tanks so arranged 
that tank 2 is a spare for either tank 1 or tank 3 (Fig. 21.6). Any tank can 
then be isolated (using spectacle plates) so that the gassing system can be 
cleaned at leisure. 

Fig. 21.6. Gassing towers (courtesy of Sores Refinery, Portugal). 
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Temperature of Gassing 
The temperature of gassing in tanks 1 and 2 seems not to be critical, and 

varies from 60—80°C (140—176°F). The lower temperature is thermally 
advantageous but, because of higher viscosity, gas absorption efficiency is 
lower. Liquor usually leaves tank 2 at a pH of ca. 9.6 and is heated to about 
85°C (185°F) before gassing down to pH 8.4—9.0. The higher the tempera-
tures and the final pH, the less is the danger of poor filtration due to incipient 
formation of calcium bicarbonate, but the greater will be the problems of 
ash build-up in press cloth. 

Reheating of liquor in tank 3 can be done with a calandria, but in the 
author's opinion a better method is to pump the liquor through a condenser 
against evaporator vapor at about 90°C (194°F). In an emergency, steam 
may be blown into the gas downstream of the pH-controlled gas valves. This 
is a shockless operation because the bubbles cannot collapse, but only con-
tract. 

Gas distribution 
Types of gas distributor are legion, and all are something of a nuisance. 

The more finely divided is the gas the higher is the efficiency of absorption, 
but conversely the greater is the trouble with choking. Fundamentally, the 
specific rate of gassing is controlled by the area of the gas—liquor interface, 
so the more wetted surface the better. But the power released in gassing 
tanks is large, so that the surface must be rigidly supported and all of it will 
become encrusted. 

One can reckon to use 80—90% of the total gas volume in tanks 1 and 2, 
and 10—20% in tank 3. If perforated pipes are used, experience indicates 
that the perforations in tank 1 should be cleared every four weeks, in tank 2 
perhaps every six to eight weeks and in tank 3, only two or three times a 
year. If gassing rings are used, it may be necessary to clean chemically only 
once a year, but the efficiency of gas absorption is also likely to be lower. 

The efficiency of C02 utilization taken over a good many plants, seems to 
average 30—35%, varying from a maximum of 35% in tank 1 to a minimum 
of 10—15% in tank 3. 

The press supply-tank (Fig. 21.5, 133) is storage to buffer the shock of 
flooding and draining the (leaf) filters. Also, as the flooding tank (Fig. 21.5, 
147) fills, pocket 126 in tank 130 (which is supplied by return liquor from 
presses) empties, so there is a measure of volumetric compensation. Ideally 
the tank (Fig. 21.5, 153) should be at such an elevation that the filters 
can be supplied under gravity, but in most cases the liquor is pumped to 
presses. Press supply pumps should not have too large excess capacity; the 
less the precipitate is churned the better is the filtration. 
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Filterability 
A reasonable bracket for filterability (liquor 66—67°Brix at 85°C, 0.5% 

CaO) is 15—25 tons solids per 1000 ft
2
 of filter surface per cycle of 

120—180 min. It is desirable to provide 180—220 ft
2
 of leaf area per ton of 

raw sugar melted for adequate liquor pressing. Decolorization from melt 
liquor to pressed liquor should be 50—60%. Using 1.8% CaO, decolorization 
can be as high as 85%, but gas requirements, mud production, filtering 
surface for liquor and for mud, mud press water etc., all increase the cost of 
the process. The sugar liquor can be carbonated at lower density (55— 
60°Brix) with good results, but the cost of evaporation and throughput must 
be figured against the cost of additional filtering area. 

Press Cloths 

A costly problem is accumulation of 'ash' in filter cloth. Using cotton, 
ash in cloth will reach 20% after one week, and up to 30% after three weeks. 
Cloths must therefore be be renewed every three or four weeks. This 
problem is less acute if polypropylene (monofilament) cloths are used, as 
these accumulate ash so slowly that effective life may be 6—12 months. This 
ash is usually 60—70% silica, and can be partly removed by the use of 
sodium aluminate and caustic soda. 

Gas Washing 

Flue gas is taken from the chimney base after the air preheaters and 
aspirated through protected piping to a water scrubber. This unit removes 
99% of the fly ash and about 50% of the sulfur gases. The scrubbing water 
can, with advantage, contain silt or press mud. After the water scrubber the 
gas passes through a soda scrubber. C02 in flue gas can be as low as 4—5%, 
but this is undesirable, because of the increased volume of gas to be scrubbed 
and compressed. 

Consumption of soda (for a melt of 4 Χ 10
6
 lb per day) should be 200— 

3Û0 lb, depending on the sulfur in the fuel. Care should be taken to avoid 
entraining liquid from the soda scrubber. This is principally calcium sulfate 
and sulfite. 

Gas Compressors 

If the fuel is natural gas, the soda scrubber is not required, and the gas can 
be pumped by common piston compressors. When burning oil or coal it is 
better to use water ring-compressors (Nash or equivalent). The power con-
sumption is higher, but the absence of valves results in more dependable 
operation. 
The amount of gas to be used for carbonatation (ft

3
 min

-1
 ) must be calcu-

lated for each individual case. Volume is directly proportional to CaO, and 
inversely proportional to C02 content. The efficiency of utilization with 66° 
Brix liquor is approximately 30%. The pressure of the gas depends entirely 
on head in gassing tanks. 



334 

Instrumentation 

Instrumentation is simple. Duplicate timers are required to operate the 
liquor- and lime-proportioning system, temperature controls are needed on 
the last gassing tank, and two pH controllers for the gas valves on tanks 2 
and 3. Glass electrodes last from three to six months. These are water-
washed daily, to remove fiber, and acid-washed weekly to remove chalk. 
Reference electrodes last two months and are refilled with KC1 each week. 

Filtration 

Little need be said about this, although it is the most intractable problem 
left in refinery operations. Because of ash build-up, it seems safer not to use 
metal-covered leaves, and this effectively puts filters like the Valiez out of 
court. But the geometry of a sluicing system favors a rotating filter surface. 
Nevertheless, the majority of carbonatation refineries still use Sweetland 
presses (because they had them). 

In nearly all leaf filters the mud is discharged by sluicing, so that it is 
vitally important that the individual leaves be flat and true, that the traverse 
and sweep of the sluicing jets be maintained, and that Sweetland leaves 
have Schumann-type drain valves (teats). Also, all filters should have large 
shells so that the cake can escape. 

One great advantage of the rotating leaf is that the sluicing range is 
shortened, and the liquor remaining in the half-filled leaf (by flexing the 
cloth) no doubt also helps to dislodge adhering cake. But rotating-leaf 
presses have glands to leak and are rather more costly to maintain. 

Mud Pressing 

There is much room for improvement in mud pressing. Press sluicings are 
generally about 10°Brix and are re filtered, both runnings and washings 
returning to the melter (Fig. 21.7). 

In theory, a plate-and-frame press is ideal; it gives hard cakes which are 
easy to wash. But, the press has kilometers of joint, cleaning is hard and 
unpleasant work, and is often badly done. Leaf filters result in either high 
sugar in cake or excessive use of wash-water. Desirable targets for these 
are: 

(1) sugar lost in cake = 4% of weight of CaO used; 
(2) total volume of runnings and washings from mud presses 160—180 1 

per (long) ton of raw sugar melted. 

Filtration of Carbonatation Mud on Vacuum Filter 

The discharged mud from the filters used to filter carbonated melt can be 
re-limed and saturated with C02 in a saturator, and then filtered on a 
vacuum drum filter covered with cloth. 
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Fig. 21.7. Filter presses for sweetening-off carbonatation cake (courtesy of Sores 
Refinery, Portugal). 

At the drum rotation speed of 7.8 r.p.h., 8.4 lb of mud per hour per ft2 
will be discharged. The optimum pH of recarbonated mud is 10. 

The mud slurry level in the filter reservoir should be maintained at a point 
where 33% of the drum is submerged. After desweetening, the cake is dis-
charged by passing the cloth over a roller. At this point, the vacuum is 
broken and the cake falls off. The cake discharge can be improved by 
welding a bar onto, and parallel to, the discharge roller, making the cloth 
vibrate. To prevent blinding of the cloth, washing this installation once a day 
with diluted muramic acid is recommended (Hohnerlein, 1973). 

Conclusions 

Carbonatation of high-density liquor is a rugged process which will show 
to best advantage on high-purity, low-invert melter liquors, and is a good 
running mate for bone char. 

The process is not suitable for high-invert liquors, gas cleaning and com-
pression can be troublesome, and the build up of ash in press cloths is a 
handicap. Circulation of ash in mud-press water can be serious. There is no 
'royal route' to success, each refinery has local problems, both geographical 
and operational, and each project needs a separate study so that the plant 
can be tailor-made to suit the local conditions. 
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Carbon Dioxide Compressors 

HENRY HUSE 

When purifying sugar liquor in the refinery by the carbonatation process, 
it is important to maintain constant alkalinity, which influences the settling 
and filtration characteristics of the precipitate and the liquor quality. 

The carbonatation should be carried out at maximum efficiency and all 
conditions should be held as constant as possible for optimum performance. 
A controlled supply of C02 gas, therefore, is of great importance. 

When C02 from boiler flue gas is used for carbonatation, the gas is first 
cleaned by passing it through a dust collector and washers. Nash liquid ring-
compressors, taking suction at slightly negative pressure so as to overcome 
friction losses in the dust collector and scrubbers, deliver the gas to the 
saturation tanks at about 10 psig (0.7 kg cm"

2
) pressure. 

The composition of flue gas is variable, depending on boiler efficiency, 
type of fuel burned, etc. However, on the average, the composition of flue 
gas is as follows: C02 = 15%; N2 = 75%; 0 2 = 3%; H 20 = 7%. The molecular 
weight of gas is thus 

0.15 X 44 = 6.6 (C02) 

Total = 29.80 

Density of gas at 0°C (cÎ2°F) and 14.7 psig (1 atm) is 

29.8 lb/lb mol/259 ft
3
/lb mol = 0.084 lb ft'

3 

Assuming the temperature of C02 gas at the compressor inlet to be 60°C 
(140°F), and its pressure to be 13 psig (0.91 kg cm

- 2
) then its density 

becomes 

If it is known how many pounds per minute of 100% C02 is required for 
carbonatation, the compressor size can be obtained by applying the 

0.75 X 28 
0.03 X 32 
0.07 X 18 

21.0 
0.95 
1.25 

(N2) 
(Oa) 
(H2O) 

APPENDIX II 
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following formula 

C02 (lb min"1) required X — — = ft3 min"1 required 
15 0.061 

The compressor would be selected to handle the calculated gas flow 
above (Fig. 21.8). 

It is difficult to obtain precise data relating to the amount of C02 required 
for carbonatation. As pointed out by Hugot (1960), the completeness of 
utilization of C02 depends mainly on the surface of contact between juice 
and gas, and on the duration of this contact. The efficiency of utilization of 
the C02 is in the order of 30—75%, according to Quillard, and 40—60% 
for thin juices according to Tromp (1946). But for heavy sugar liquors, the 
efficiency of utilization is ca. 30%. It is common practice, therefore, to 
allow for sufficient gas flow to compensate for low efficiency of utilization. 

Based on successful installations utilizing flue gas for carbonatation in 
refinery, it would appear that 5000 ft3 of flue gas per ton of sugar should 
suffice. Thus, a carbonatation system of 15 tons per hour capacity would 
require 

15 X 5000/60 = 1250 ft3 min"1 flue gas 

Fig. 21.8 . Carbon dioxide compressor installation (courtesy of Nash International Co., 
Norwalk, CT, U.S.A.). 
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APPENDIX 

Calculation for Double-effect Evaporator 

To produce 500 (short) tons of refined sugar per day 644 (short) tons of 
raw sugar are needed, including the remelt per 24-h period, which represents 
ca. 554 tons of affined sugar (1108 000 lb/24 h of solids), and 46166 lb 
of solids per hour. Melted to 60°Brix this will produce 76 860 lb of melt. 
For evaporation in a double-effect evaporator to 73—75°Brix, approximate-
ly 6000 lb of exhaust steam at 8 psig will be required. The temperature 
of filtrate is 180°F. 

Body Operation 
No. 

B T U h " Liquor 
( l b h - ) 

Exhaust steam 
8 lb, 235°F 
6000 X 955 .6 
Deduct for heating liquor 
76 860 X ( 1 8 7 . 9 - 1 8 0 ) 

13 in vacuum b.p.r. = 5.4°F 

Latent heat at 187.9°F = 985 .2 

5 733 600 

607 194 

5 126 406 

5 126 406 

985 .2 

76 860 

5203 

71 657 

46 166 X 100 

71 657 
Brix = 64.43° 

Transfer to No. 2 
Vapors from the first body 
Add flash = 7 1 6 5 7 X ( 1 8 7 . 9 - 1 3 4 . 6 ) 

26 in vacuum b.p.r. = 11.7°F 

Latent heat at 134.6°F = 998 .5 

5 126 4 0 6 
3 819 318 

8 945 724 

8 945 724 

998 .5 

46 166 X 100 

62 6 9 8 

8959 

62 698 

Brix = 73.63° 

Total evaporation = (5203 + 8959)/76 860 X 100 = 18.43% 

For evaporation in a vacuum pan (single-effect) the same amount of water 
from 60 to 90°Brix is 

[1 - (60/90) X 100 = 33.33% 

or 

2 
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76 860 Χ [1- (60 /90) ] Χ 1.1 = 28179 lb of steam 

However, to evaporate in a double-effect evaporator up to 73.63°Brix, 
6000 lb of exhaust/iteam is required, and further evaporation in a vacuum 
pan up to 90°Brix will require 

62 698 X [1 - (73.63/90)] X 1.1 = 12 538 lb of steam 

and 

Total steam per strike = 6000 + 12 538 = 18 538 lb 

The saving in steam per strike 

28179 - 18 538 = 9640(34.21%) 

According to Hausbrand (in L.A. Tromp, 1946) a double-effect has rate of 
evaporation of 6—7.5 lb per ft

2
 of heating surface (HS). Therefore, for a 

refinery of 500 short tons daily capacity double-effect evaporator should 
have a HS of 

(5203 + 8959)/6 = 2360 ft
2 

or each body should have 1200 ft
2
 HS. 

Calculation for Double-effect Evaporator using the Metric System 

In the production of 1000 t refined sugar per day 1288 t of raw sugar are 
needed, yielding ca. 1108 t of affined sugar including that of remelt, or 
46166 kg solids h"

1
. These solids melted to 60° Brix solution will produce 

76 860 kg of melt, which has to be evaporated to 73—75°Brix. This opera-
tion will require 6000 kg of exhaust steam at 0.5 kg cm"

2
 pressure. The 

temperature of filtrate is 82°C. 

Body Operation k cal kg

 1
 Liquor 

No. ( k g h "

1
) 

71 685 

76 860 
Exhaust steam at 0.5 kg cm"

2
 and 111°C, 

at 13 in vacuum b.p.r. = 3°C 
6000 X 531 3 186 000 
Deduct for heating liquor 
76 860 X ( 8 6 . 6 - 8 2 ) 353 556 

2 832 444 

2 8 3 2 444 5175 

Latent heat at 86.6°C = 547 .3 547.3 71 685 

46 166 X 100 

Brix = 64.4° 
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2 Transfer to No. 2 
Vapors from the first body 
Add flash = 71 685 X (86.6° - 58.1°) 
b.p.r. = 6.5°C 2 0 4 3 023 

2 832 4 4 4 

4 875 467 

4 875 467 8789 

Latent heat at 58.1°C = 554.7 554.7 62 896 

46 166 X 100 

62 896 
Brix = 73.4° 

Total evaporation = 5175 + 8 7 8 9 = 13 964 kg water 

To evaporate in a vacuum pan the same amount of water from 60 to 90° 
Brix is 

76 860 X [1 - (60/90)] X 1.1 = 28179 kg of exhaust steam required 

While, to evaporate 76 860 kg of water up to 73.4°Brix, 6000 kg of steam 
is needed, and to evaporate from 73.4° up to 90°Brix the remaining 62 896 
kg of water in a vacuum pan (single effect) will require 

62 896 X [1 - (73.4/90)] X 1.1 = 12 758 kg of steam 

Saving of steam per strike 

28179 - (6000 + 12 758) = 9421 kg of exhaust steam (33.43%) per strike 

Rate of evaporation in double effect is 30—36 kg of water m"
2
 of heating 

surface (HS). Hence, for a refinery of 1000 t day"
1
, the capacity of a double-

effect evaporator should have 

13 964/30 = 465 m
2
 HS 

or each body should have 233 m
2
 HS. 
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APPENDIX I 

Glossary of Computer Terms 

A 

Access time The interval between a request for stored information and the 
delivery of the information; often used as a reference to the speed of a 
memory. 

Accumulator A data-word holding register for arithmetic, logical, and 
input/output operations. 

Accuracy The deviation, or error, by which an actual output varies from an 
expected ideal or absolute output. Each element in a measurement system 
contributes errors, which should be separately specified if they significant-
ly contribute to the degradation of total system accuracy. In an analog-to-
digital converter, accuracy is tied to resolution; an 8-bit A/D, for example, 
can resolve to one part in 256 (2

8
 = 256), so best accuracy as a percentage 

of full-scale range is theoretically 1/256, or about 0.4%. 
Acoustic coupler A device that receives digital data, converts it to tones 

suitable for transmission over telephone lines, then couples the tones 
into a telephone line; it performs the reverse operation as well. Usually 
in the form of a cradle, into which a telephone handset is placed. 

Actuator A controlled hardware device used to implement a change in a 
process. 

A/D See Analog-to-digital converter. 
Adaptive tuning In a control system, a way to change control parameters 

according to current process conditions; usually supplied as a subroutine. 
ADC See Analog-to-digital converter. 
Adder A combinational logic circuit that adds binary numbers. 
Address An identifier, usually in binary or hexadecimal notation, which 

specifies a particular location in memory, in a register, or in any informa-
tion source. 

ALGOL A high-level, procedure-oriented algebraic and logical programming 
language (from ALGOrithmic Language). 

Algorithm A step-by-step procedure for solving a problem or accomplishing 
an end, sometimes used in reference to a software program. 

Aliasing Generation of false (spurious) outputs in a sampling data system 
when the sampling rate is too low in comparison with the highest-fre-
quency component of the sampled signal. 

Alphanumeric Information consisting of alphabetic and special characters, 
and numerals. 

ALU See Arithmetic logic unit. 
Analog A reference to the representation of data by continuously variable 

quantities. 
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Analog control system Classically, a system that consists of electronic or 
pneumatic single-loop analog controllers, in which each loop is controlled 
by a single, manually adjusted device. 

Analog-to-digital converter (A/D, ADC) A device, or subsystem, that 
changes real-world analog data (as from transducers, for example) to a 
form compatible with binary (digital) processing. 

APT One of many special languages intended specifically for the program-
ming of numerically controlled tools (from Automatically Programmed 
Tools). 

Arithmetic logic unit The section of a central processing unit (CPU) that 
makes arithmetic and logical comparisons and performs arithmetic func-
tions. 

ASCII A widely used code (American Standard Code for Information Inter-
change) in which alphanumerics, punctuation marks, and certain special 
machine characters are represented by unique, 7-bit, binary numbers; 
128 different binary combinations are possible (2

7
 = 128), thus 128 char-

acters may be represented. Also a protocol. 
Assembler A software program that translates assembly language into 

machine language. 
Assembly The translation of mnemonic code into machine language by an 

assembler. 
Assembly language A mnemonic programming language that approximates 

machine language. 
Asynchronous A computer operation that takes place whenever input 

information appears. The basic RS flip-flop, for example, is an asynchro-
nous circuit. 

Β 

BASIC A high-level programming language designed at Dartmouth College 
as a learning tool called Beginner's All-purpose Symbolic Instruction Code. 

Baud A unit of data transmission speed, sometimes variable, but most 
usually simply meaning bits per second; 300 baud = 300 bits per second. 

BCD See Binary coded decimal. 
Benchmark A test point for comparison purposes; in microprocessor-based 

equipment, a benchmark program is one used to compare aspects of 
performance among competing systems. 

Binary-coded decimal (BCD) A way to express single-digit decimal num-
bers (0—9) in 4-bit binary notation. 

Binary notation The expression of a number in a base-2 number system 
using only the digits 0 and 1; each digit's position represents a power of 2, 
rather than 10 as in the decimal system. 

Bistable An electronic circuit or device that has two operating states, such 
as a mechanical switch, indicator lamp or flip-flop. 
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Bit One binary digit; the smallest element of digital data. (An abbreviation 
of 'binary digit'.) 

Bit-slice microprocessor A microprocessor built-up in a modular way by its 
user, with the design based on the use of (usually) 4-bit-wide 'slices' of 
CPU circuitry, leading to 4-bit, 8-bit, 12-bit, etc., CPU's. 

Bit switch A switch that controls the logical state of only one bit, used for 
data entry usually only in the simplest of systems. 

Branch A computer program procedure that transfers control from one 
instruction to another instruction elsewhere in the program. 

Buffer A temporary storage site that compensates for differences in data 
flow rates during transfers of data. 

Bug An error, defect, problem, etc. 
Bus A group of wires or conductors, considered as a single entity, which 

interconnects parts of a system; in a computer, signal paths such as the 
address bus, the data bus, etc. 

Bus protocol See Protocol. 
Byte A group of adjacent binary digits, sometimes shorter than a com-

puter's full-length word, and processed as a unit; usually, an 8-bit serial 
grouping. (See Nibble.) 

C 

Calculator A microprocessor-based instrument designed primarily for 
solving mathematical problems. 

Card A paper card containing punched slots that stores computer data or 
program instructions. 

Card Reader A computer input mechanism that reads out the information 
contained on a punched card. 

Cascade Control An industry-standard process control program, which 
involves master/slave loops and several levels of control action. 

Central processing unit (CPU) The brain of a computing machine, usually 
defined by the arithmetic and logic units (ALU) plus a control section; 
often called a 'processor', sometimes a 'mainframe'. 

Character A symbol that represents information; the representation itself 
of the character in a computer-acceptable form (a symbol in ASCII, for 
example). 

Chip A thin slice of silicon up to a few tenths of an inch square with an 
integrated circuit containing from dozens to thousands of electronic 
parts on its surface. 

Circuit A collection of electronic parts and electrical conductors that 
performs some useful operation. 

Clear To restore a device, or a circuit stage, to a prescribed state, often the 
zero state. 

Clock A master timing unit in a computer system, used to synchronize and 
time the operations of the system. 
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COBOL A high-level programming language for business applications (from 
Common Business-oriented Language). 

Code To write a program; or, the program itself; often, used interchangeably 
with 'language'. A representation of characters as in ASCII coding. 

Combination Logic A collection of logic gates that responds to incoming 
information almost immediately and without regard to earlier events. 

Compiler A program that converts a high-level, source (user-programming) 
language into machine language. (See Interpreter.) 

Computer An electronic device that processes discrete (digital) or approx-
imate (analog) data. (See Analog computer and Digital computer.) 

Control section That part of the central processing unit which fetches 
(retrieves), decodes, and executes (performs) the instructions dictated by 
the program. 

Conversational A reference to a mode of system operation in which the 
system alternately accepts input from, and responds with output to, its 
operator. 

Counter A string of flip-flops that counts in binary. 
CPU See central processing unit. 
Crash A malfunction in hardware or software that requires the computer 

to be reset or restarted. 
CRT An acronym for Cathode-Ray Tube. The video display tube used in 

television sets and many computer terminals. 
Current loop A two-wire transmit/receive interface in which the presence of 

a 20-mA current level indicates data (a binary 1, or mark) and its absence 
indicates no data (a zero, or space). Normally used with Teletypes®, and 
the only communication method that uses a current signal. 

Cycle A specific time-interval during which a regular sequence of computer 
events take place. 

D 

Data Numbers, facts, information, results, signals and almost anything else 
that can be fed into and processed by a computer. 

D/A See Digital-to-analog converter. 
DAC See Digital-to-analog converter. 
DDC See Direct digital control. 
Deadbanding A subroutine that allows for a zone of inactivity around the 

setpoint of a measurement (as in a process loop); when a measurement is 
within the 'dead' zone, no control action is taken, and over-control is 
prevented. 

Debug The process of finding and fixing an error in a computer program or 
in the actual design of a computer. Often it takes more time to debug a 
program than to write it. 

Decimal A number system with the base ten. 
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Decision A computer operation which compares two binary words or 
checks the status of a single bit or word and then takes a specified course 
of action. 

Decoder A combinational circuit that converts binary data into some 
other number system. 

Decrement To decrease the value of a number by some fixed value, often 
one. 

Demultiplexer A combinational circuit that applies the logic state of a single 
input to one of several outputs. 

Development system A piece of equipment for the design and test of 
microprocessor software and the integration of system software and hard-
ware; the development system may either be based upon the micro-
processor under investigation or merely emulate it. 

Digit A character in a number system that represents a specific quantity. 
Digital A reference to the representation of data by discrete pulses, as in 

the presence or absence of a signal level to indicate the l's and O's of 
binary data. Also, a type of readout in which the data is displayed as 
discrete, fully-formed alphanumeric characters. 

Digital computer A computer that uses discrete signals to represent numer-
ical quantities. Nearly all modern digital computers are two-state binary 
machines. They can be programmed to solve a wide variety of problems. 

Digital status contact A logical (on/off) input used mainly to sense the 
status of remote equipment in process control systems. 

Digital-to-analog converter (D/A, DAC) A device, or subsystem that con-
verts binary (digital) data into continuous analog data, as, for example, 
to drive actuators of various types, motor-speed controllers, etc. 

Direct digital control (DDC) A method of control in which all control out-
puts are generated by the computer directly, with no other intelligence 
between the central computer and the process being controlled. 

Direct memory access A mechanism for the high-speed direct transfer of 
information between memory and peripherals without CPU intervention. 

Diskette See Floppy disk. 
Disk memory See Magnetic disk. 
Distributed control A system of dividing plant or process control into 

several areas of responsibility, each managed by its own controller (proces-
sor), with the whole interconnected to form a single entity usually by 
communications buses of various kinds. 

Distributed intelligence See Distributed processing. 
Distributed processing The disbursement of computing power to several 

processors, all working within the same system, and operating either at 
the same level of control responsibility or as part of a hierarchal scheme 
of increasing power and broadening control. 

DMA See Direct memory access. 
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Documentation The literature necessary to understand, operate, and main-
tain a processing system — operating instructions, service information, 
flowcharts, programs, applications information, etc. 

Dot-matrix A method for the display of information, in which characters 
are formed within a grid (matrix) by the activation of appropriate junc-
tions as formed by the rows and columns that make up the grid. An 
electronic dot-matrix display, for example, may consist of an array (often, 
5 X 7 ) of ultraminiature LED's which, when appropriately excited, illu-
minate to form the desired character pattern. Many types of hard-copy 
printers also use a dot-matrix approach to character formation. 

Dynamic range The difference between maximum useable full-scale signal 
and minimum resolvable signal. Again, in analog-to-digital converters, for 
example, dynamic range is tied to the number of bits in an encoded 
datum; an 8-bit A/D has a dynamic range of about 48 dB. Because the 
dynamic range increases at a rate of about 12 dB per 2-bit increase in the 
coding, at least a 12- to 14-bit A/D is required to match the 80—90 dB 
dynamic range of a good transducer. 

Ε 

EBCDIC code A standard code in which each character is represented by a 
unique, 8-bit binary code (from Extended Binary Coded Decimal Inter-
change Code). 

Emulate To imitate a different computer system by a combination of hard-
ware and software that permits programs written for one computer to be 
run on another. 

Encoder A combinational circuit that converts data from some other num-
ber system into binary. 

EPROM An erasable and reprogrammable read-only memory. 
Erase To remove or clear information, usually used in reference to a com-

puter memory or to equipment such as cathode-ray-tube (CRT) terminals, 
video screens, etc. 

Execute To perform a specified operation or operational sequence in a 
program. 

Execution time The time required to carry out an instruction, procedure, 
etc. 

F 

Feed-forward An industry-standard process control program, in which math-
ematically predicted errors are corrected for before they occur; used 
mainly for process loops with long lags or response times. 

Fetch To retrieve data or other information under program or other 
directed control. 
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Field A particular category or grouping of data or instructions. 
Firmware Programs stored in ROM. 
First generation Digital computers made with vacuum tubes. 
Flag A signal device in a microprocessor system that alerts the operator, or 

the system itself, to the occurrence of some desired or undesired event 
(often an interrupt). 

Flip-flop The basic sequential logic circuit. A circuit which is always in one 
of two possible states. 

Floppy disk A small flexible disk carrying a magnetic medium in which 
digital data is stored for later retrieval and use. (See Magnetic disk.) 

Flow chart A diagram that shows the major steps or operations that take 
place in a computer program. 

FORTRAN A high-level language originally (and still) used for scientific 
number crunching, but which has also moved into the process control 
field; from FORmula TRANslation. 

Front end In a process control system, the input end at which raw signals 
are converted to digital information for further processing. 

Function selection An operator input technique that makes use of switches, 
usually hardwired, each labeled to activate a particular function; as a data-
entry method, not much better than the use of bit switches. 

G 

Gate The simplest electronic logic circuit. A single gate may invert the logic 
state at its input or make a simple decision about the status of two or 
more inputs. 

Glitch An unwanted logic pulse produced when two interconnected logic 
circuits change states at slightly different times. 

Global function command A command that has only one meaning, regard-
less of the situation in which it is used. 

H 

Handshake A reference to or type of interface procedure that is reasonably 
easy to implement; its operation is based on a 'data-ready/data-received' 
signal scheme that ensures orderly data transfer. 

Hard copy Permanent, printed version of information that is otherwise 
available only on a temporary basis (CRT-displayed data, programs or 
data ordinarily stored in memory, etc.) 

Hardware The electrical, mechanical, and electromechanical equipment and 
parts associated with a computing system, as opposed to its firmware and 
software. 
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Hexadecimal notation The expression of a number in a base-16 number sys-
tem using a combination of digits (0—9) and letters (A—F); the digit/letter 
combination is a shorthand notation, a compact way of representing a 
long binary number in 4-bit chunks. 

High-level language A 'one-to-many ' language, in that a single line of user 
(source) language produces many lines of machine language; BASIC and 
Pascal are examples of high-level languages. 

Housekeeping Operations that take place in a computer or a computer 
program that clear memories, check status registers, organize data and 
otherwise set things up in preparation for a data processing operation. 

I 

Illegal operation An impossible-to-execute instruction. 
Increment To increase the value of a number by some fixed value, often 

one. 
Instruction A code set that defines some computer operation. 
Intelligent terminal An input/output device with built-in intelligence in the 

form of a microprocessor, and able to perform functions that would 
otherwise require the central computer's processing power; sometimes 
called a stand-alone terminal. 

Interface The place at which two systems, or a major system and a minor 
system (such as a computer and a peripheral), meet and interact with each 
other; the means by which the interaction is effected (as, an interface 
card); also, to connect by means of an interface. 

Integrated circuit An electronic circuit formed on the surface of a tiny 
silicon chip. 

Interpreter A program that executes the instructions from the source (user) 
language, as each is encountered, and without converting the source 
language into machine language. An interpreted program is slow — as 
much as 20 times slower than an assembled program — but speeds up 
program development because the effect of source changes can be seen 
immediately. 

Interrupt A signal that halts the operation of a running program to perform 
a special, higher-priority routine. 

I/O Abbreviation for input/output. 

Κ 

Κ A shorthand notation meaning 1024 bits, bytes, or words of digital data. 
A '64-Kbit' memory contains 65 536 bits. 

Keyboard A typewriter-like array of switches used to feed data into a 
digital computer manually. 
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L 

M 

Machine language The internal, binary code by which a computer operates; 
the binary language executed by a computer. Also called object code and 
object language. 

Macro A kind of programming shorthand by which a series of assembly 
language instructions, which the programmer intends to use more than 
once, is given a name. The named sequence is called a macro. When the 
program is assembled by a macro assembler, every named macro will be 
translated into the appropriate lines of assembly coding. 

Magnetic core A tiny ring of material that can store a single binary bit. 
Magnetic disk A form of memory in which data is stored in a magnetic 

oxide that coats a plastic or metal disk. The data is recorded (written) and 
played back (read) by magnetic heads, which traverse the rotating disk 
under program control. 

Magnetic tape memory A memory system that stores and retrieves binary 
data on magnetic recording tape. 

Mass storage Any very large capacity memory device. 
Memory That portion of a computer system which stores information in a 

form understandable by the system hardware; also called storage. 
Micro A microprocessor or microcomputer. 
Microcomputer A complete computer in which the CPU is a microprocessor. 
Microinstruction The most basic operation that takes place in digital com-

puter. 

Language The symbols, phrases, characters and numbers used to communi-
cate with a digital computer. 

LED See Light-emitting diode. 
Light-emitting diode (LED) A semiconductor diode, the junction of which 

emits light when passing a current in the forward (junction ON) direction. 
Line printer A hard-copy device that prints one line of information at a 

time. 
Loader A software program that transfers data and other information from 

off-line memory to on-line memory. 
Location In reference to memory, a storage position or register uniquely 

specified by an address. 
Logic circuit A gate or other circuit that responds to two-state signals. 
Logical state A condition which is either on or off, true or false, yes or no, 

etc. The two logical states are represented by the binary digits 0 and 1 in 
digital computers. 

Loop A sequence of instructions that is written only once but executes 
many times (iterates) until some predefined condition is met. 
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Microprocessor A usually monolithic, large-scale-integrated (LSI) central 
processing unit (CPU) on a single chip of semiconductor material; 
memory, input/output circuits, power supply, etc. are needed to turn a 
microprocessor into a microcomputer. Sometimes abbreviated as MPU, 
μΡ, etc. 

Microprogram A set of elemental operations combined to form a higher-
level operation or instruction. Once established, only the higher-level 
instructions need to be used to build new programs. 

Mnemonic code Another shorthand, this time a set of symbols that aids the 
writing of assembly language programs; each assembly language instruc-
tion can be represented by a mnemonic. 

Model reference An industry-standard process control routine used with 
loops that have a long lag time, but in which it is desired to use feedback 
control at intervals shorter than the lag time. 

Modem A device that converts signals in one form to another form com-
patible with another kind of equipment. In particular, the device that 
changes digital data into a form suitable to be transmitted over telephone 
lines and vice versa. (From MOdulator + DEModulator.) 

Multiplexer A device or circuit that samples many data lines in a time-
ordered sequence, one at a time, and puts all sampled data onto a single 
bus; the electronic equivalent of a funnel. (A demultiplexer does the 
reverse job.) Important in, say, expanding the number of input channels 
available to, say, an A/D converter. 

Multiprocessor system See Distributed processing. 

Ν 

Negative logic A logic system where the binary bit 0 is represented by a 
high voltage level and the bit 1 by a low voltage level. 

Nibble One-half byte (four bits). 
Nonvolatile storage A memory system that retains data without the need 

for electrical power. 
Number The representation of a quantity. In digital computers, numbers 

can represent data, characters, instructions, etc. 

Ο 

Object code See Machine language. 
Object language See Machine language. 
Object program A program written in or expressed in machine language. 
Octal notation The expression of a number in a base^8 number system. 
Off-line Not being in continuous, direct communication with the computer; 

done independent of the computer (as in off-line storage). 
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On-line Directly controlled by, or in continuous communication with, the 
computer (on-line storage); done in real time. 

Output section A printer, video display or other device that makes 
information processed by a computer available to an operator or an 
electronic device. 

Ρ 

Page A subdivision of computer memory of some given size; often, a block 
of information that fills such a page, and which can be transferred as a 
unit where needed. 

Paper tape A ribbon of paper that contains binary data in the form of 
perforations. 

Paper tape reader A computer input unit that reads data from a paper 
tape. 

Parallel When used with reference to digital data, the presentation of all 
data bits simultaneously, rather than as a serial sequence of bits over a 
time period. (Compare to serial.) One wire conductor per data bit is 
needed to carry the signal; 8 bits = 8 wires. 

Parallel processing Operating on data a chunk of bits at a time. 
Parity 'Even parity* is defined to mean that the number of binary l's in 

a digital word is an even number; 'odd parity' means that the number of 
l's is an odd number. The concept of parity is a check on the accuracy of 
data. Memory boards, for example, have circuitry that maintains either 
one parity or the other during a write; if that same parity is not present 
when the data is read, an error is signaled. 

Parity bit A bit added to a digital word before processing, to control parity, 
and used later as one check of the accuracy of the processed data. 

Pascal A high-level programming language derived from ALGOL and 
developed intensively by a group at the University of California at San 
Diego (thus, UCSD Pascal). In many ways simpler to learn and use than 
BASIC, Pascal can be made machine-independent, or 'transportable'. 
(Named for the French physicist, Blaise Pascal.) 

Peripheral A supplementary piece of equipment that puts data into, or 
accepts data from, the computer (digitizers, plotters, printers, etc.). 

Personal computer A microcomputer with a keyboard input designed for 
ease of use and maximum economy. 

PGA See Programmable gain amplifier. 
Polling A method by which all equipment sharing a communications line 

can be periodically interrogated or allowed to transmit without con-
tending for the line; often, a reference to a centrally controlled method 
of accessing a number of equipments. 

Port A signal input (access) or output (egress) point. 
Positive logic A logic system where the binary bit 1 is represented by a 

high voltage level and the bit 0 by a low voltage level. 
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Printer An output device that prints computer information on a strip of 
paper. 

Process control language A class of high-level programming languages 
oriented to users in the process industries, and requiring only a minimum 
of programming skill. 

Processor See Central processing unit. 
Program A list of instructions that a computer follows to perform a task. 
Programmable gain amplifier (PGA) An instrumentation amplifier that 

changes its amplification (gain) under command from a digital code sup-
plied through a programmed instruction in software. Very important in 
allowing a lower-resolution, lower-cost A/D to accept a wide-dynamic-
range signal. 

PROM A user-programmable read-only memory. 
Propagation delay The time required for a signal to pass from the input to 

the output of a device, typically nanoseconds (10~
9
 s), usually specified 

only for digital integrated circuits. 
Proportional plus integral (P +1) An industry-standard process control sub-

routine that is the software (digital) equivalent of a standard analog 
proportional controller. 

Protocol A formal definition that describes how data is to be formatted, 
what the control signals mean and what they do, the pin numbers for 
specific functions, how error checking is done, the order and priority of 
various messages, etc. There are a number of protocols in use, among them 
being IEEE 488 (or Hewlett-Packard Interface) and CAMAC (or IEEE 
583, 595, and 596), which use parallel interfaces to interconnect instru-
mentation 9CAMAC also covers serial interfaces); ASCII, which covers a 
bit-serial protocol for computer/computer, computer/peripheral communi-
cations and low-speed instrumentation; BISYNC, DDCMP, and BASIC 
bit-serial byte-oriented protocols for computer/computer communica-
tions; and SDLC, HDLC, BDLC, X25, and ADCCP bit-serial bit-oriented 
protocols for computer/computer communications and all types of 
instrumentation. IEEE 488, CAMAC, ASCII, and SDLC are the protocols 
most frequently used. 

Prototyping system See Development system. 
Pulse input In process control systems, a type of input used to measure 

pulse- or tachometer-type signals (speed, r.p.m., frequency, etc.). 

R 

RAM See Random-access memory. 
Random-access memory A type of memory that allows the writing or 

reading of data in any order desired, and so the time required to obtain 
the data is independent of the location of the data. 
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Read The accessing of information from a storage device such as a semi-
conductor memory, tape, etc.; also, the transfer of information between 
devices, such as between a computer and a peripheral, particularly from 
external (secondary) storage to internal (primary) storage. 

Read-only memory (ROM) A memory that stores a special-purpose pro-
gram, which cannot be changed by the computer. 

Read/write memory Usually, a random-access memory. 
Realtime The actual time during which something takes place; the actual 

time of occurrence of an event. 
Refresh To restore information that would otherwise be lost, so as to main-

tain its presence where desired. (As in certain types of storage after a read, 
on video screens with each scan, etc.) See transparent refresh. 

Register Classically, the hardware for storing one machine word. When in 
the main memory, it's called a storage register, memory register, or loca-
tion. A read/write memory in a CPU. 

Relocatable program A software program so written that it can be moved 
to and executed from many different areas of memory. 

Reset See Clear. 
Resolution The smallest detectable increment of measurement. Again, in 

A/D's, resolution is usually principally limited by the number of bits 
used to quantize the input signal; a 12-bit A/D, for example, can resolve 
to one part in 4096 (2

12
 = 4096). 

Restore To return a word to its initial value. 
ROM See Read-only memory. 
Routine See Program. 
RS-232-C A de facto standard, originally introduced by the Bell System, 

for the transmission of data over a twisted-wire pair less than 50 feet in 
length; it defines pin assignments, signal levels, etc. for receiving and 
transmitting devices. Other RS-standards cover the transmission of data 
over distances in excess of 50 feet. 

Run To execute a program. 

S 

Scrolling The vertical movement of information on a CRT screen, caused 
by the dropping of one line of displayed information for each new line 
added; the movement appears as an upward-rolling if the new line is 
added at the bottom of the screen, and vice versa. 

Second generation Computers made with transistors. 
Sensor A device that produces a voltage or current output representative of 

some physical property being measured (speed, temperature, flow, etc.). 
Generally, the output of a sensor requires further processing before it can 
be used elsewhere. 
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Sequential logic A collection of logic gates that responds to incoming 
information only when a clock pulse is received. Sequential logic circuits 
use flip-flops so that each operation is affected by a previous operation. 

Serial In reference to digital data, the presentation of data as a time-
sequential bit stream, one bit after another. A great advantage of serial 
data is that it lends itself to transmission over simple twisted-pairs, such as 
telephone lines. 

Seven-segment display Usually, a reference to a type of information display 
in which a character is formed by illuminating the appropriate members 
of a figure-8 arrangement of light-emitting devices. 

Simulate To represent, by imitation, the functioning of one system or 
process by means of the functioning of another. (Compare to emulate.) 

Software Generally used to mean computer programs; in its broadest sense, 
the term refers to the entire set of programs, procedures, and all related 
documentation associated with any system. 

Solid state Electronic components or circuits made from solid materials 
such as silicon and germanium. 

Source code See Source language. 
Source language In general, any language which is to be translated into 

another (target) language; usually, however, it refers to the language used 
by a programmer to program a system. 

Storage See Memory. 
Subroutine A piece of software that may be used from several locations in 

a program. A program smaller than the main program, and called up from 
the main program to perform some specific task. 

Supervisory control An analog system of control in which controller set-
points can be adjusted remotely, usually by a supervisory computer; also 
known as a digitally directed analog (DDA) control system. 

Supervisory interface In digitally controlled systems, a class of interfaces 
in which the computer controls the setpoint of a local controller. 

Synchronous A computer operation that takes place under the control of a 
clock. 

Τ 

Target language In computers, any language (such as object code) into 
which another language (such as source code) is translated. 

Teletype® The trademarked name of a type of input/output terminal 
originally designed and still manufactured by the Teletype Corp.; now 
often incorrectly used in a generic sense to indicate any similar piece of 
equipment. 

Teletypewriter A typewriter-like device that can be used to feed data and 
programs into a computer and to print the output information from a 
computer on a strip of paper. 
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Terminal A computer input/output device. 
Third generation Computers made with integrated circuits. 
Time sampling An industry-standard process control subroutine normally 

associated with DDC interfaces, and involving control actions at specified 
intervals; useful for loops with short time lags. 

Transducer A device which converts something measurable into another 
form (often, a physical property such as pressure, temperature, flow, etc. 
into an electrical signal usually at a low level); frequently used inter-
changeably with 'sensor'. 

Transistor A solid-state electronic device which can be used as an amplifier 
or on-off switch. An integrated circuit is a complex network of transistors 
and other components on the surface of a small silicon chip. 

Transmitter A device which translates the low-level output of a sensor or 
transducer to a higher-level signal suitable for transmission to a site 
where it can be further processed. 

Transmitter, process A transmitter mounted together with a sensor or 
transducer in a single package designed to be used at or near the point of 
measurement; it generates a 4-20mA signal; also called a field-mounted 
transmitter. It is usually also a two-wire transmitter. 

Transmitter, two-wire A transmitter with only two external connections, 
one for 24- or 48-Vdc power, the other for a 4-20 mA output signal. 

Transmitter, three-wire A transmitter with three external connections: two 
are used for plus and minus 24- or 48-Vdc power, the third for the 4-20 
mA output. 

Transmitter, four-wire A transmitter with four external connections: two 
are used for power (usually 120/240 Vac line power), the other two 
(positive and negative) for the output signal, which can be any standard 
industrial signal. 

Transparent refresh A means by which a display can accent new data with-
out disturbing current data; for a CRT display, transparent refresh implies 
a capability for animation. 

V 

Volatile storage A memory system that retains data only when electrical 
power is present. 

Volatility With respect to memory, an inability to retain stored data in the 
absence of external power. 

W 

Watchdog In control systems, a combination of hardware and software 
which acts as an interlock scheme, disconnecting the system's output 
from the process in event of system malfunction. 



499 

Word A quantum of information, and the basic unit accessed by a com-
puter. Common word lengths today are eight and 16 bits. 

Write To put information into a storage device. 

APPENDIX II 

Economic Sweet-water Disposal Point 

Nomenclature Used 

Β = °Brix 
G = Cost of oil (cents per gal) 
S = Value of granulated sugar recovered (cents per lb) 
F = Value of final molasses obtained (cents per gal) 
Ρ = Purity of sweetwater being recovered (either measured directly or 

related to °Brix) 
Ε = Evaporation factor ratio of lb water evaporated/lb steam (B) 
J = Sewer charge (cents per gal) 
Η = Sewer charge (cents per lb of solids) 
D = Boiler efficiency = 84% ± 

Breakeven Point for Discarding Sweet-waters 

Brix 
Brix would probably be equivalent to refract Brix, however, if accuracy 

was justified; true solids could be used by having a standard correction 
formula to a Brix reading or by using a correlation developed in the plant 
under actual conditions. For most practical purposes, Brix reading may be 
taken as percent solids. 

Cost of Oil 
This has been changing dramatically at the time of writing and would be 

one of the values substituted whenever there was a change. Program permits 
entry of this value at any time and it remains in use until a new value is 
entered. 

Granulated-sugar Value 
The value of the granulated sugar could be the current basic price. This 

value also could be changed daily if desired. 

Molasses 
The value of the final molasses obtained in cents per gallon would be 

based on a number of calculations for current conditions. The molasses is 
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considered the standard commercial 80° Brix (50/50) material solids in the 
U.S.A. True solids could be determined either directly by moisture sub-
tracted from 100, or by a correction formula (such as Muller—Morton) used 
on the refract Brix. A straightforward correction is generally close enough for 
this case. Based on an estimate of 11.66 total lb gal"

1
, this final molasses 

would contain ca. 8.75 lb solids. 

Purity 
Sweet-water purity in a specific stream, such as char sweet-water, could be 

related directly to the Brix if desired and this relationship built into the 
program eliminating the need for purity data entry. It has been made a 
separate entry in this case since many kinds of sweet-water may be involved 
other than from char filters. 

Evaporation Factor 
The evaporation factor Ε is a ratio of pounds of water evaporated per 

pounds of steam. This will vary with the heat content of the steam produced 
and also whether evaporated in a vacuum pan at Ε = 0.9 ± to 3+, or higher 
for evaporators. If more accuracy is justified, this factor could be determined 
by an actual heat balance for the exact evaporation and conditions which 
exist. 

Sewer Charges 
The sewer charges will vary in different parts of the world depending 

upon whether waste-water is disposed of in a sewer and/or the particular 
governmental pollution requirements of the area. Some cases may charge 
both by volume and by weight of solids. For this reason, both factors have 
been put into the program. These values would be expected to remain con-
sistent for long periods of time. 

Boiler Efficiency 
In this particular example, one gallon of No. 6 oil is considered to contain 

145 000 BTU gal"
1
 and boiler efficiency is taken to average 84%. This value 

will have an effect on the evaporation factor discussed above and should be 
adjusted to user's conditions. 

Breakeven point is where cost of recovery = the value of the products 
recovered and/or reduction in cost. 

Other factors or constraints can be put into this program so that it would 
match any individual circumstance. For example, if sweet-water is needed 
anyway for remelting of remelt sugar, then the cost of evaporation would 
not be a factor, or a factor only up to a certain point. This would require a 
constraint built into the program which would change the program 
accordingly whenever the sweet-water was not excess sweet-water. 

In the absence of any specific guidelines for effect of melt rate, overtime, 
or other factors, the values indicated above will be close enough for efficient 
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control. However, if the quantity of recovered sweet-water was excessive, 
either inhibiting some other process or requiring overtime operation, obvious-
ly its cost would be higher and the economic breakeven Brix would be 
expected to be higher. The above is a general example which can be easily 
adjusted to any appropriate local conditions. The program based on the 
above combination of factors gives an awesome equation to the eye, but it is 
really quite simple to use. 

STEP INSTRUCTIONS INPUT 
DATA/UNITS KEYS OUTPUT 

DATA/UNITS 

1 1 1 1 

1 * II 1 
1 II 1 

^ '

 1
 ' (J 

1 1 1 1 

1 * II 1 
1 II 1 

1 1 1 1 

1 * II 1 
1 II 1 

1 1 1 1 

1 * II 1 
1 II 1 
1 4 1 1 1 

U ' i 
1 4 1 1 1 

Ρ 1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

f 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

V 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

M i 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

1

 1 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 
a

 u 7 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

1 * II 1 

I Λ II I 

1 * 1 1 1 

1 * 1 1 1 

1 * 1 1 1 

I t f / s l l Ί 

1 

I t f / s l l Ί 

1 r 

I t f / s l l Ί 

1 
1 I I 1 

10 11 1 £v\-ji?\r Va.\ri<iZs fUf^h^S. Λ 10 11 1 10 11 1 10 11 1 

1 * 1 1 1 
1 4 v 1 1 1 
1 * 1 1 1 
1 C 11 1 

s 
1 * 1 1 1 
1 4 v 1 1 1 
1 * 1 1 1 
1 C 11 1 

F 

1 * 1 1 1 
1 4 v 1 1 1 
1 * 1 1 1 
1 C 11 1 

1 * 1 1 1 
1 4 v 1 1 1 
1 * 1 1 1 
1 C 11 1 

; 1 * 1 1 1 
1 * 1 1 1 
1 * 1 1 J M-
1 * 1 1 1 
1 * 1 1 J 
\_ft{s 11 1 

3 I λ ι γ 11 1 
0
 r 

1 I I 1 

ΠρΊ I 1 
1 I I 1 
ι ι r 7 J 

ΠρΊ I 1 
1 I I 1 
ι ι r 7 J 

QsxAO^ fj .JJM, H*X» / Λ 4 Λ ^ ^ "Surf 
ΠρΊ I 1 
1 I I 1 
ι ι r 7 J Γ J •

 / ΠρΊ I 1 
1 I I 1 
ι ι r 7 J 

ΠρΊ I 1 
1 I I 1 
ι ι r 7 J 

# = pound weight. 
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STEP β KEY ENTRY KEY COC 

mi tLBLA 21 il 
0 0 2 SJU3 35 83 
803 Rt 16-31 
004 SJ01 35 01 
005 PRTX -14 

006 Rt 16-31 

00? ST02 35 82 

00S PRTX -14 

009 RCL3 36 03 

0Î0 PRTX -14 
01i R/S 51 · 

012 SJ06 35 86 

013 Rt 16-31 

814 STQ4 35 84 
015 PRTX -14 

816 Rt 16-31 

017 ST05 35 85 

018 PRTX -14 

019 PCL6 36 86 

020 PRTX -14 
021 R/S 51 
022 *L0LB 21 12 
023 SW? 35 87 

024 PRTX -14 

025 RCL2 36 02 

026 5 05 

02? 5 05 

028 τ -24 

029 P.CL3 36 03 

830 4 84 

031 8 08 

032 1 81 
033 . -62 
034 2 82 
035 5 85 

036 -24 

03? - -45 
038 RCL1 36 81 

039 RCL4 36 84 

840 -24 

041 2 82 

042 8 88 

043 0 88 
044 9 89 
045 ? 8? 

046 τ -24 

047 - -45 

048 Χ -35 

049 RCL1 36 81 
850 RCL4 36 84 
051 τ -24 

052 7 87 
053 5 05 
054 . -62 

055 8 88 

056 4 84 

Fi" 

J * 

H- f 

-(Tu* Kj5 

STEP KEY 
05? 
853 
059 
868 
861 
862 
863 
864 
865 
866 
867 
868 
869 
878 
871 
872 
873 
874 
075 
876 
877 
878 
879 
888 
881 
882 
883 
884 
885 
886 
887 
888 
889 
898 
891 
892 
893 
894 
895 
896 
897 
898 
899 
188 
181 
182 
183 
184 
185 
186 
18? 

ENTRY KEY CODE 
-24 

+ -55 
RCL3 36 03 

4 04 
-62 

S 88 
1 81 
2 82 
5 85 

• r -24 
+ -55 

RCL2 36 82 
9 89 

X -35 
1 01 
1 81 

-24 

- -45 
P.CL6 36 86 

+ -55 
RCL5 36 85 

2 82 
1 81 
. -62 
7 07 
3 03 

T -24 

- -45 
RCL1 36 81 

1 81 

. -62 
2 82 
1 01 
8 00 

-24 
RCL4 36 84 

-24 
1 01 
2 02 

Ω 
-62 tua 

V 
1 

ut? 
01 

1 01 
RCL5 36 85 

X -35 

- -45 
~ -24 

1/X 52 
PRTX -14 
SPC 16-11 
RTN 24 

188 $LBLC 
189 SI03 
118 Rt 
111 ST01 
112 PRTX 

21 13 
35 83 
16-31 
35 81 

-14 

0
 B m \ 

1
 G-

2
 5 

3
 F 

4
 £ 

5
 T 

6
 H- 7 F 

8 9 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A B C D Ε I 
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KEY ENTRY KEY CODE 

its 2 02 

178 5 05 

171 - 2 4 

172 - - 4 5 

173 RCL2 36 02 

174 9 09 

175 χ - 3 5 

17€ 1«· 01 

177 1 01 

178 τ - 2 4 

179 •f - 5 5 

180 RCL6 36 86 

181 - - 4 5 

182 RCL5 36 05 

183 2 02 

184 1 01 

185 . - 6 2 

IBS 7 07 

187 3 0 3 

188 τ - 2 4 

189 • - 5 5 

198 RCL2 36 02 

191 5 05 

192 5 05 

193 r - 2 4 

194 RCL3 36 03 

195 4 04 

m 8 08 

19? 1 01 

198 . - 6 2 

199 2 0 2 

288 5 05 

281 τ - 2 4 

282 - - 4 5 

283 RCL1 36 01 

284 2 02 

205 0 0 0 

2 0 * 0 00 

207 9 09 

208 7 07 

209 Τ - 2 4 

210 RCL4 36 04 

211 - 2 4 

212 - - 4 5 

213 τ - 2 4 

214 PRTX - 1 4 

215 SPC 16 -11 

21 € RTN 24 

217 R/S 51 

COMMENTS 

113 

114 

115 

us 
11? 

Rt 

PRTX 

ST02 

RCL3 

PRTX 

R/S 

119 

128 

121 

122 

123 

124 

125 

126 

127 

128 

ST06 

Rt 

ST04 

PRTX 

Rt 

ST05 

PRTX 

RCL6 

PRTX 

R/S 

129 H E L D 

139 STO0 

131 

132 

133 

134 

135 

136 

137 

138 

139 

148 

141 

142 τ 

Î 4 3 RCL5 

PRTX 

RCL1 

1 

2 

1 

8 

RCL4 

RCL0 

144 

145 

146 

147 

148 

149 

158 

151 

152 r 

153 

154 RCL1 

155 PCL4 

156 r 

157 7 

153 5 

159 

160 8 

161 4 

162 τ 

163 

164 

165 

166 

167 

if.? 

RCL0 

RCL3 

4 

16-31 
-14 

35 02 

36 03 

- 1 4 

51 -

35 06 

1 6 - 3 1 

35 04 

- 1 4 

1 6 - 3 1 

35 85 

- 1 4 

36 06 

- 1 4 

51 ' 

21 14 

35 80 

- 1 4 

36 01 

01 

- 6 2 

0 2 

01 

08 

- 2 4 

36 04 

- 2 4 

36 00 

- 2 4 

36 85 

01 

02 

- 6 2 

01 

- 3 5 

36 00 

- 2 4 

- 4 5 

36 01 

36 04 

- 2 4 

07 

05 

- 6 2 

03 

04 

- 2 4 

- 4 5 

36 03 

04 

- 6 2 

03 

01 

LABELS FLAGS SET STATUS 
B C D Ε 0 

FLAGS TRIG DISP 
b c d e 1 ON OFF 

O D D 
1 D D 
2 D D 
3 D D 

DEG D 
GRAD D 
RAD D 

FIX α 
SCI D 
ENG D 
η 

1 2 3 4 2 

ON OFF 
O D D 
1 D D 
2 D D 
3 D D 

DEG D 
GRAD D 
RAD D 

FIX α 
SCI D 
ENG D 
η 

6 7 8 9 3 

ON OFF 
O D D 
1 D D 
2 D D 
3 D D 

DEG D 
GRAD D 
RAD D 

FIX α 
SCI D 
ENG D 
η 
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Program Title ^ C o h i W > | C 3l0Q*j~lUO$Î\r Pi* f o S P*\*j* 
Name Date 

Address . 

City . State Zip Code 

Program Description, Equations, Variables, etc. J$<χΔλ-6 / o o # $jusJA$ZjrdZL (& S (̂P
un
*̂ f Ρ 

{ Ο Y ,cW ^ S * 1 * 4 > l b s . ( & ) ^ - f 0 aQ//inS .f H<Uw 

.... - \ 0 5<oeefu/a /nr l b s . h i * r ^ . , K ^ / i h s j a j = 4 . M " 6 — 

. ._ L v / 6 o £ - ^ S u r a c f W i v ο < 3 ' 4 - J
3
 û«( i * * * a I f - 0 ^ 

^ | . 7 3 A | . 7 3 

... ^ . ^ f ) M ^ ) * v - * * 6 * 2 

"ZZZZZ. · Ζ _ ...Ζ
 / or

 V' 7 T r = — J 

fa flKrè Α Γ ι * / ; - « • ^ · « . 6 / l ( , 

p(*~ — F _ g . -h e s — ) -

Y" i - ^ ) { e -*CM(gj t . * X r l, l h T 3 

- *—~Z = Z e Z - ^ 

APPENDIX III 

Sucrose Table and Other Formulas for Use with Programmable Calculators 

Sugar-property Tables 

All of the sucrose tables involving density, concentration, specific gïavity, 
weights in air, weights in vacuum, etc. from both Spencer and Meade (1977) 
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Program Title ^ C o h i W > | C 3l0Q*j~lUO$Î\r Pi* f o S P*\*j* 
Name Date 

Address . 

City . State Zip Code 

Program Description, Equations, Variables, etc. J$<χΔλ-6 / o o # $jusJA$ZjrdZL (& S (̂P
un
*̂ f Ρ 

{ Ο Y ,cW ^ S * 1 * 4 > l b s . ( & ) ^ - f 0 aQ//inS .f H<Uw 

.... - \ 0 5<oeefu/a /nr l b s . h i * r ^ . , K ^ / i h s j a j = 4 . M " 6 — 

. ._ L v / 6 o £ - ^ S u r a c f W i v ο < 3 ' 4 - J
3
 û«( i * * * a I f - 0 ^ 

^ | . 7 3 A | . 7 3 

... ^ . ^ f ) M ^ ) * v - * * 6 * 2 

"ZZZZZ. · Ζ _ ...Ζ
 / or

 V' 7 T r = — J 

fa flKrè Α Γ ι * / ; - « • ^ · « . 6 / l ( , 

p(*~ — F _ g . -h e s — ) -

Y" i - ^ ) { e -*CM(gj t . * X r l, l h T 3 

- *—~Z = Z e Z - ^ 

APPENDIX III 

Sucrose Table and Other Formulas for Use with Programmable Calculators 

Sugar-property Tables 

All of the sucrose tables involving density, concentration, specific gïavity, 
weights in air, weights in vacuum, etc. from both Spencer and Meade (1977) 
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and other related references have been combined below. These programs use 
a best 'least-squares' fifth-degree polynomial for the specific gravity, and the 
maximum error at any point in the table is ca. 2 in the fifth significant 
figure, although error is generally less than one unit. This means that values 
can be obtained, or converted from other values, in most cases more 
accurately than one could obtain or interpolate from tables. 

The basic program uses only 47 program steps and can be made even sig-
nificantly shorter if only a portion of the entire Brix table is needed. With 
224 steps available per strip, and two strips usable in succession if desired, 
these tables can be merged with many other programs, thus eliminating the 
need to refer to tables. 

In addition to the basic specific gravity polynomial, there are short addi-
tional programs and constants on the strip so that data can be in either 
English or Metric form or weights in air or weights (true) in vacuo. Basic 
formula has been inverted as well so that Brix values can be obtained directly 
from concentration values. Also a multiple entry temperature correction 
formula has been added which will accurately correct for both the tempera-
ture and the brix thus giving accurate volume data when needed. 

Density (g ml *) app. = S.G.] a p p. / 0 . 9 9 7 1 7 4 S.G.] 2 0 /4 = 0.9982343 S.G.] 2 0 / 20 
(1 ft

3
 = 7.480519 gal) 

Specific gravity] 20/20 

True weight (in vacuo) = apparent weight 1 + 0.0012 

Temperature correction factor = 1 + 
(T°c - 26) 

10
4 

(106 -T) 

1476 

443 470 
(1) Brix (from concentration in g per 100 ml) 

(General 0—100°Brix range) 

Β = 
(442 200/C)+1740-C 

568 700 
(2) Brix (from concentration in g per 100 ml) 

(Low Brix 0—60°Brix range) 

Β = 
(567 600/C) + 2 2 0 3 - C 
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Brix Approximate Average Average 
concentration (g /100 ml) error °Brix (1) error °Brix (2) 

0 0 0 0 
5 5 +0 .004 0 

10 10 +0.005 0 
15 16 +0 .003 0 
20 22 +0 .001 - 0 . 0 0 1 
25 28 - 0 . 0 0 2 - 0 . 0 0 1 
30 34 - 0 . 0 0 6 - 0 . 0 0 1 
4 0 47 - 0 . 0 1 1 0 
50 61 - 0 . 0 1 1 0 
6 0 77 - 0 . 0 0 4 0 .006 
70 94 +0 .004 — 
80 113 +0 .013 — 
90 133 +0 .014 — 

100 155 +0.006 — 

General Formulas 

Specific heat = 1 - — ^ (0.6 - 0.0018 X T°C) 
100 

Heat of solution or heat of crystallization (BTU l b
-1
 of solution) = 

"Brix r 100 + . "Brix ι 1.8X°Brix / 258 X °C \ p 
10 L900-(8X °Brix) J

 +
 210 \ 1000 / 

Total heat (BTU lb"
1
 of solution) = 

°Brix 100 + °Brix β Γ °Brix 0 η 
χ _ + i . 8° c 1 (0.6 - 0.0009°C) 

10 900 - (8 X °Brix) L 100 J 
(5 X °Brix) 

Freezing point ( C) = - ——^—— 
(85 - Brix) 

Temperature conversions^ 

(°C X 9) 
Centigrade to Fahrenheit = + 32 (°F) 

5 

Fahrenheit to Centigrade = [(°F - 32)/9] X 5 (°C) 

25 200 
Solubility (°Brix) = 

Boiling point rise (BPR) ( C) = 

(400 - °C) 

Brix / 30 + °Brix \ / 0.54 vacuum (in) 

)(-40 \ 103.6 - Brix / \ 90 - vacuum (in) 
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Self-evaporation (lb per 1000 lb of solution) = 

Γ / Low temp. \ / °Brix \ 1 
°C Temp, drop [2.27 - ( l - ) ( 1 . — ) J 

/ °Brix (°Brix + 200) ν / 0.036 (°C - 20) \ 
Specific gravity (S.G.) = 1 1 + - I |

1
 ' ~ ) B yy

 ' \ 54000 ) \ 160-°C / 
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Appendices 

APPENDIX I 

Laboratory Control 

All sugar must be accounted for through the whole manufacturing process 
from the time it enters in the sugar cane, in the form of uncrystallized 
sucrose, until it emerges as raw or refined crystals. Technical and chemical 
control in a raw sugar house or refinery consists of weighing the product and 
analyzing its sugar content. In a sugar factory there are some unavoidable 
losses, such as sugar lost in bagasse, in final molasses, or in mud cake. There 
are also physical and chemical losses from destruction or inversion of 
sucrose. During the many stages of manufacturing and gradual transforma-
tion of sucrose into the finished product the sucrose is subjected to differ-
ent treatments, temperature action, and changes of pH from acid to alkaline 
and back to neutral, which may increase the losses. Besides, there are 
mechanical losses resulting from entrainment, leakage and spillage, and paper 
losses due to incorrect weighing or measuring. All these losses can be min-
imized, if not eliminated completely. 

Stock-taking 

At certain intervals, stock must be taken throughout the factory or 
refinery and sugar in process calculated. In a raw-sugar house, stock is taken 
every week or biweekly, and in a refinery usually once a month. The better 
technical and chemical control is conducted in the raw-sugar house or 
refinery, the easier it is to locate losses. The undetermined loss becomes a 
known one, and it is always possible to eliminate such loss and thereby 
recover sugar which otherwise would be lost. 

Accounting 

The principal duty of a chemist is to keep accurate account of products 
in circulation and especially of sugar entering and leaving the factory or 
refinery. If balance of sugar cannot be obtained, the reason must be deter-
mined and cause of loss eliminated. The more weighings and analyses are 
made, the more accurate control can be exercised, although many unknowns 
must be determined by calculation. Generally, in a raw-sugar house, delivered 
sugar cane is weighed, mixed jufce extracted on the mills or by diffusion is 
weighed before it is limed, heated, and clarified, and finished raw sugar is 
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weighed. The sum of sugar in the mixed juice and of sugar left in the bagasse, 
the amount of which is calculated, is the total sugar in cane. The fibre in 
cane is either calculated or actually determined in a high-speed mixer for 
analysis of fibre in bagasse or cane. In a well-controlled sugar factory, the 
maceration water is either weighed or measured, and mud discharged from 
vacuum filters is also weighed. On the other hand, the amount of bagasse is 
determined only by calculation. 

Calibration 

It is advisable to keep control of volume of massecuites produced. Capaci-
ties of vacuum pans are known and they should be calibrated. The number 
of strikes and the type of massecuites can be recorded, as can the number of 
crystallizers filled, unless the process of crystallization and cooling is con-
tinuous. All tanks, crystallizers and centrifugal feed mixers must be cali-
brated, and available capacities recorded for calculation of stock. 

Weighing and Measuring 

All raw sugar entering the refinery must be weighed, and all returns to 
the recovery house also weighed or at least measured. The sugar recovered 
in the remelt house and returned into the process should also be weighed, 
unless the refinery operates in conjunction with a raw-sugar house. In this 
case, the available sugar can be calculated from returned liquor analysis, 
though not very accurately because losses in reprocessing in the recovery 
house are not taken into consideration by the SJM formula. However, cor-
rection on losses in the boiling house can be applied. In the refinery, as in 
the raw-sugar house, the cubic feet of massecuites boiled can be accounted 
for and all sugars should be weighed and the final molasses produced 
weighed or measured. 

Sampling 

The system of sampling must be agreed upon between the superintendent 
of fabrication and the chief chemist, and must be constant and uniform. 
The samples to be analysed must be representative, and analysis of these 
samples must be accurate and consistent because the whole performance of 
the sugar factory is judged by analytical results obtained and reported in the 
laboratory. 

Analytical Control 

The Saccharimeter (Polariscope) and the Brix spindle or refractometer 
and scales are the principal instruments for sucrose and purity determination. 
In a raw-sugar house invert sugar is determined as well as purity. This is 
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very important for estimation of possible inversion. Throughout the manu-
facturing process, the glucose ratio should remain quite constant. The appar-
ent purity of final molasses is meaningless, and at least once a week an 
average sample of final molasses should be tested for sucrose (Clerget), 
invert sugar and total sugars calculated on 100° Brix. Whether or not the 
amount of invert sugar changes during the crop, depending on maturity or 
variety of the sugar cane, the total sugars per 100° Brix must remain quite 
constant (see Chapter 16). 

The raw sugar should be tested for polarization, invert sugar, ash and 
moisture, and safety factor calculated. From this analysis 'titre' or refinery 
theoretical yield can be estimated. 

In the refinery balance of polarization, invert sugar, ash and moisture can 
be calculated on total weight of raw sugar, and losses of one component or 
another easily determined. 

Yield 

The yield in a raw sugar house is calculated by dividing weight of sugar 
recovered by the weight of sugar cane ground, multiplied by 100. If there is 
sugar in process, then the available sugar must be added to the raw sugar 
produced. The yield in a refinery is the total weight of sucrose recovered 
plus available sugar in process divided by the weight of raw sugar which 
entered the refinery, multiplied by 100. The yield can be calculated on 
sucrose basis or 96° Pol. raw sugar. 

Laboratory 

For proper control in sugar manufacture the laboratory must be well 
equipped, have accurate scales and instruments and correctly calibrated 
spindles, flasks and glassware. 

Factory Standards 

Each cane-sugar factory should establish operating standards which must 
be based on quality of sugar cane and mechanical equipment of the factory, 
and which should always be higher than results actually obtained. If by 
improvements in machinery or factory operation better results are achieved 
and the standards are reached, the standards should be raised. Nevertheless, 
there is a limit to the feasible advancement of standards. 

Run Reports 

A very important value in 'run' reports is the polarization balance percent 
of cane. In this balance are represented the polarization loss in bagasse, final 
molasses, mud and undetermined loss. The polarization in sugar cane is 
determined by adding the polarization in the above losses to the polarization 
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in sugar recovered. The total polarization loss may vary between 1.80% cane 
in a very efficient factory and 2.5% in a poorly-operated one. The loss in 
molasses depends on purity of final molasses and amount of molasses pro-
duced per ton of cane ground. If the purity of sugar cane is low, there will 
probably be more molasses produced. If the fiber content of cane is high 
there will be more sugar retained in bagasse. The cane diffusion process can 
lower losses of sugar in bagasse. A larger drop in purity between massecuite 
and resulting molasses will be obtained when massecuites are boiled to a 
higher Brix. An excessive grinding rate on a weak tandem or one of insuf-
ficient capacity will result in large losses of sugar in bagasse. All this must 
be taken into consideration when standards are established. A refinery also 
should have established standard of operation which will vary depending 
on the quality of raw sugar entering the refinery. A yield of 97% on sucrose 
basis is considered quite satisfactory. 

Keller (1966) suggests establishing certain operating standards such as 
Brix values for intermediate products, apparent purity differences and 
other criteria which can be used for guidance throughout the operation of a 
cane sugar factory or refinery. 

Bibliography for Methods of Analysis, Formulas and Calculations 
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APPENDIX II 

Tables and Conversions 

TABLE 1 

CONVERSION TABLE OF EQUIVALENTS 

Measures 
1 inch (in) = 2.54 cm 
1 foot (ft) = 12 in = 30.48 cm 
l i n

2
 = 6.4516 cm

2 

1 ft

2
 = 144 in

2
 = 929.03 cm

2 

1 in

3
 = 16.39 cm

3 

l f t

3
 = 1728 in

3
 = 7.4805 (U.S.) gal = 6.23 (imp.) gal = 28.375 1 

1 (imp.) gal = 1.2 (U.S.) gal = 0.16 ft

3
 = 277.27 in

3
 = 4.5461 

1 liter (1) = 0.22 (imp.) gal = 0.0353 ft

3
 = 61 in

3
 = 1000 cm

3 

1 (U.S.) gal = 0.1337 ft

3
 = 231 in

3
 = 0.833 (imp.) gal = 3.785 1 

l m

3
 = 35.314 ft

3
 = 264.17 (U.S.) gal = 10001 

Weights 
1 ft

3
 (of water) = 62.4 pounds (lb) 

1 (U.S.) gal = 8.33 lb 
1 (imp.) gal = 10.01b 
1 liter (1) = 2.2 lb = 1 kg 
1 lb = 16 oz. = 454 g 
1 short ton U.S. = 2000 lb = 907 kg 
1 long ton U.S. = unit ton U.K. = 22401b = 1016 kg 
1 metric ton (t) = 22001b = 1000 kg 
1 arroba = 25 lb 
1 Quintal = 4 arrobas = 100 lb 

Pressure 
1 atmosphere (atm) = 14.696 lb in"

2 

l i b in"

2
 = 0.0703 kg cm"

2 

1 kg cm"

2
 = 14.223 lb in"

2 

Rate of Evaporation 
1 lb ft"

2
 = 4.8824 kg m~

2 

1 kg m'

2
 = 0.2048 lb f t '

2 

Heat and Heat Transfer 
1 BTU = 0.252 cal 
1 BTU ft"

2
 h"

1
 = 2.7125 cal m'

2
 h"

1 

1 BTU ft"

2
 h"

1
 (per °F) = 4.8825 cal m"

2
 h"

1
 (per °C) 

l B T U l b

1
 = 0.55556 kcal kg"

1 
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TABLE 2 

CONVERSIONS 

Adaptation of "Conversion Factors and Tables", by O.T. Zimmerman and I. Lavine, published by 
Industrial Research Service, Dover, NH 

To convert from to multiply by 

acres (U.S.) hectares (ha) 0.40468726 
ft

2
 (U.S.) 43.560 

in

2
 (U.S.) 6 272 640 

km

2 
0.0040468726 

m

2 
4046.8726 

arroba lb 25 
atmospheres (atm) lb ft"

2 
2116.22 

lb in"

2 
14.6960 

British thermal unit (BTU) cal* 251.996 
kcal* 0.251996 

calories = gramcalories (cal*) and BTU* 0.00396832 
kilocalories (kcal*) BTU 3.96832 

centimeters (cm) feet 0.03280833 
inches 0.3937 
meters 0.01 
millimeters 10 

cubic centimeters (cm

3
) in

3 
0.06102338 

gal U.S. (liq.) 0.000264173 
liters 0.000999973 

cubic feet (ft

3
) cm

3 
28 317.016 

in

3 
1728 

m

3 
0.028317016 

gal U.S. (liq.) 7.48051 
liters 28.31625 

cubic meters (m

3
) cu. ft. 35.314445 

gal U.S. (liq.) 264.173 
liters 999.973 

feet (ft) cm 30.48006096 
in 12 
m 0.3048006096 

feet per minute (ft min

- 1
) in min

-1 
12 feet per minute (ft min

- 1
) 

m min

-1 
0.3048006 

international Steam Table value, defined by the relationships :1 cal gram (IT)/gram 1.8 BTU (IT)/lb. 
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TABLE 2 (continued) 

To convert from to multiply by 

U.S. gallons (liq.) (gal) cm

3
 3785.434 

ft

3
 0.1336806 

in

3
 231 

m

3
 0.003785434 

liters 3.78S5332 
U.S. quarts (liq.) 4 

U.S. gallons of water (gal) kg H 20 (15°F) 3.7820 
lb H 20 (60°F) 8.3369 

grams (g) kg 0.001 
pounds (avoirdupois), 
(lb av.) 0.00220462 

gramcalories (cal*) BTU* 0.00396832 

hectares (ha) acres U.S. 2.471044 
ft

2
 U.S. 107 638.7 

m

2
 10 000 

hectoliters (hi) ft

3
 3.531539 

m

3
 0.1000027 

U.S. gal. (liq.) 26.4178 

horsepower (h.p.) BTU* h"

1
 2 544.39 

horsepower (metric) 1.01387 
lb H 20 evaporated h"

1
 from 

and at 212°F 2.6222 

horsepower (boiler) BTU* h"

1
 33,475 

lb H 20 evaporated h"

1
 from 

andat212°F 34.5 

horsepower (metric) BTU* s"

1
 0.697104 

cal* s"

1
 175.667 

kcal* s"

1
 0.175667 

cheval-vapeur 1.0 

inches (in) cm 0.0254000508 
ft 0.0833333 
m 0.254000508 

kilocalories (kcal) BTU* 3.96832 

kilograms/meter (kg m"

1
) lb ft"

1
 0.67197 

kilograms/square centimeter (kg cm"

2
) atm 0.967841 

lb ft"

2
 2048.155 

lb in"

2
 14.2233 

kilograms/square meter (kg m"

2
) lb ft"

2
 0.2048155 

lb in"

2
 0.00142233 
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TABLE 2 (continued) 

To convert from to multiply by 

liters (1) 

liter s/minute (1 min"

1
) 

meters (m) 

meters/hour (m h

 1
) 

meters/min (m min *) 

ft

3 

in

3 

m

3 

U.S. gal (liq.) 
hi 
U.S. quarts (liq.) 

ft

3
 h"

1 

ft

3
 min"

1 

U.S. gal (liq.) min" 

ft 
in 

cm min"

1 

fth"

1 

ft min"

1 

m min"

1 

fth"

1 

ft min

-1 

0.03531539 
61.0250 
0.001000027 
0.264178 
0.01 
1.05671 

2.118923 
0.03531539 
0.264178 

3.280833 
39.37 

1.666667 
3.280833 
0.0546806 
0.0166677 

196.8500 
3.280833 

milliliters (ml) 

millimeters (mm) 

pounds/cubic foot (lb ft"

3
) 

pounds/cubic inch (lb in"

3
) 

pounds/square foot (lb ft"

2
) 

pounds/square inch (lb in"

2
) 

Quintal (short) 

square centimeter (cm

2
) 

square feet (ft

2
) 

in* 
U.S. gal (liq.) 

kg m"

3 

lb in"

3 

g cm

 3 

kg cm"

2 

kg m"

2 

lb in"

2 

atm 
g cm"

2 

lb ft"

2 

lb (av.) 

ft

2 

in

2 

crrr 

0.0610250 
0.000264178 

0.03937 

16.01837 
0.0005787037 

27.67974 

0.000488241 
4.88241 
0.00694445 

0.0680462 
70.3067 
144 

100 

0.001076387 
0.15499969 

929.0341 
144 
0.09290341 
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TABLE 2 (continued) 

To convert from to multiply by 

square inches (in

2
) cm

2 
6.4516258 

ft

2 
0.00694444 

m

2 

0.00064516258 

square meters (m

2
) ha 0.0001 

cm

2 
10 000 

ft

2 
10.76387 

in

2 

1549.9969 
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TABLE 3 

°c ° F °C °F °C °F 
100 t o 0 

— 6.11 21 69.8 12.2 54 129.2 
— 73.3 —100 — 148 — 5.56 22 71.6 12.8 55 131.0 
— 76.8 — 90 — 130 — 5.00 23 73.4 
— 62 .2 — 80 — 112 — 4 .44 24 75.2 13.3 56 132.8 
— 56.7 — 70 — 94 - - 3.89 25 77.0 13.9 57 134.6 
— 51.1 - 60 — 76 14.4 58 136.4 

— 3.33 26 78.8 15.0 59 138.2 
— 45 .6 - 50 — 58 - 2.78 27 80.6 15.6 60 140.0 
— 40 .0 - 40 — 40 — 2.22 28 82.4 
— 34 .4 — 30 — 22 — 1.67 29 84.2 16.1 61 141.8 
— 28 .9 — 20 — 4 — 1.11 30 86.0 16.7 62 143.6 
— 23.3 - 10 14 17.2 63 145.4 
— 17.8 0 32 — 0.56 31 87.8 17.8 64 147.2 

0 32 89.6 18.3 65 149.0 
0 t o 100 0.56 33 91.4 

1.11 34 93.2 18.9 66 150.8 
— 17.8 0 32 1.67 35 95.0 19.4 67 152.6 
- 17.2 1 33.8 20 .0 68 154.4 

— 16.7 2 35.6 2.22 36 96.8 20.6 69 156.2 
— 16.1 3 37.4 2.78 37 98.6 21.1 70 158.0 
— 15.6 4 39.2 3.33 38 100.4 
— 15.0 5 41.0 3.89 39 102.2 21.7 71 159.8 
— 14.4 6 42.8 4 .44 40 104.0 22.2 72 161.6 
— 13.9 7 44.6 22.8 73 163.4 
— 13.3 8 46.4 5.00 41 105.8 23.3 74 165.2 
— 12.8 9 48.2 5.56 42 107.6 23.9 75 167.0 
— 12.2 10 50.0 6.11 43 109.4 

6.67 44 111.2 24.4 76 168.8 

— 11.7 11 51.8 7.22 45 113.0 25.0 77 170.6 
— 11.1 12 53.6 25.6 78 172.4 

— 10.6 13 55.4 7.78 46 114.8 26.1 79 174.2 

— 10.0 14 57.2 8.33 47 116.6 26.7 80 176.0 

— 9 .44 15 59.0 8.89 48 118.4 
9.44 49 120.2 27.2 81 177.8 

— 8 .89 16 60.8 10.0 50 122.0 27.8 82 179.6 

— 8.33 17 62.6 28.3 83 181.4 

— 7.78 18 64.4 10.6 51 123.8 28 .9 84 183.2 

— 7.22 19 66.2 11.1 52 125.6 29.4 85 185.0 

— 6.67 20 68.0 11.7 53 127.4 

TEMPERATURE CONVERSION 
(Courtesy of Refined Syrups and Sugars, Inc.) 

The numbers in bold face type refer to the temperature either in degrees Centigrade or Fahrenheit 
which it is desired to convert into the other scale. If converting from Fahrenheit degrees to Centigrade 
degrees the equivalent temperature will be found in the left column, while if converting from degrees 
Centigrade to degrees Fahrenheit, the answer will be found in the column on the right. 
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TABLE 3 (continued) 

30.0 86 186.8 
30.6 87 188.6 
31.1 88 190.4 
31.7 89 192.2 
32.2 90 194.0 

32.8 91 195.8 
33.3 92 197.6 
33.9 93 199.4 
34 .4 94 201.2 
35.0 95 203.0 

35.6 96 204.8 
36.1 97 206.6 
36.7 98 208.4 
37.2 99 210.2 
37.8 100 212.0 

100 t o 400 

37.78 100 212.0 
38.33 101 213.8 
38 .89 102 215.6 
39 .44 103 217.-1 
VM).(K) 104 219.2 
40.56 105 221.0 

41.11 106 222.8 
41.67 107 224.6 
42.22 108 226.4 
42.78 109 228.2 
43.33 110 230.0 

43.89 111 231.8 
44.44 112 233.6 
45 .00 113 235.4 
45.56 114 237.2 
46.1 1 115 239.0 

46.67 116 240.8 
47 .22 117 242.6 
47 .78 118 244.4 
48.33 119 246.2 
48 .89 120 248.0 

49 .44 121 249.8 

50 .00 122 251.6 
50 .56 123 253.4 
51.11 124 255.2 
51.67 125 257 .0 

52.22 126 258.8 
52 .78 127 260.6 
53 .33 128 262.4 
53 .89 129 264.2 
54 .44 130 266.0 

55 .00 131 267.8 
55 .56 132 269.6 
56.11 133 271.4 
56.67 134 273.2 
57.22 135 275.0 

57 .78 136 276.8 
58.33 137 278.6 
58 .89 138 280 .4 
59.44 139 282.2 
«0 .00 140 284.0 

60 .56 141 285.8 
61.11 142 287.6 
61.67 143 289.4 
62.22 144 291.2 
62 .78 145 293.0 

63.33 146 294 .8 
63 .89 147 296.6 
64 .44 148 298.4 
65 .00 149 300.2 
65 .56 150 302.0 

66.11 151 303.8 
66.67 152 305.6 
67 .22 153 307.4 
67 .78 154 309.2 
68 .33 155 311.0 

68 .89 156 312.8 
69 .44 157 314.6 
70.00 158 316.4 
70.56 159 318.2 
71.11 160 320 .0 

71.67 161 321.8 
72.22 162 323.6 
72.78 163 325.4 
73.33 164 327.2 
73.89 165 329.0 

74.44 166 330.8 
75.00 167 332.6 
75.56 168 334.4 

76.11 169 336.2 
76.67 170 338.0 

77.22 171 339.8 
77.78 172 341.6 
78.33 173 343.4 
78.89 174 345.2 
79.44 175 347.0 

80 .00 176 348.8 
80 .56 177 350.6 
81 .11 178 352.4 
81.67 179 354.2 
82.22 180 356.0 

82 .78 181 357.8 
83 .33 182 359.6 
83 .89 183 361.4 
84 .44 184 363.2 
85 .00 185 365.0 

85 .56 186 366.8 
86.11 187 368.6 
86.67 188 370.4 
87 .22 189 372.2 
88.33 190 374.0 

88.78 191 375.8 
88 .89 192 377.6 
89 .44 193 379.4 
90 .00 194 381.2 
90 .56 195 383.0 

91.11 196 384.8 
91.67 197 386.6 
92.22 198 388.4 
92 .78 199 390.2 
93.33 200 392.0 

93 .89 201 393,8 
94 .44 202 395.6 
95 .00 203 397.4 
95 .56 204 399.2 
96.11 205 401.0 

96.67 206 402.8 
97.22 207 404 .6 
97 .78 208 406 .4 
98 .33 209 408.2 
98 .89 210 41.0.0 

°C °F °C °F °C °F 
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TABLE 3 (continued) 

°c 
C
F C °F °C °F 

99 .44 211 411 .8 141.11 286 546.8 187.78 370 6 9 8 . 0 
100.00 212 413 .6 142.22 288 550 .4 
100.56 213 415 .4 143.33 290 554.0 188.89 372 701.6 
101.11 214 417.2 190.00 374 705.2 
101.67 215 419 .0 144.44 292 557 .6 191.11 376 708.8 

145.56 294 561.2 192.22 378 712.4 
102.22 216 420 .8 146.67 296 564.8 193.33 380 716.0 
102.78 217 422 .6 147.78 298 568 .4 
103.33 218 4?4 .4 148.89 300 572 .0 194.44 382 719.6 
103.89 219 426.2 195.56 384 723.2 
104.44 220 428 .0 150.00 302 575.6 196.67 386 726.8 

151.11 304 579.2 197.78 388 730.4 
105.56 222 431.6 152.22 306 582.8 198.89 390 734.0 
106.67 224 435.2 153.33 308 586 .4 
107.78 226 438.8 154.44 310 590 .0 200 .00 392 737.6 
108.89 228 442.4 201.11 394 741.2 
110.00 230 446.0 155.56 312 593.6 202 .22 396 744.8 

156.67 314 597.2 203 .33 398 748.4 
111.11 232 449.6 157.78 316 600.8 204 .44 400 752.0 
112.22 234 453.2 158.89 318 604 .4 
113.33 236 456 .8 160.00 320 608 .0 400 t o 500 
114.44 238 460.4 
115.56 240 464 .0 161.11 322 611 .6 204 400 752 

162.22 324 615.2 210 410 770 
116.67 242 467.6 163.33 326 618.8 216 420 788 
117.78 244 471.2 164.44 328 622 .4 221 430 806 
118.89 246 474.8 165.56 330 626.0 227 440 824 
120.00 248 478 .4 232 450 842 
121.11 250 482.0 166.67 332 629.6 238 460 860 

167.78 334 633.2 243 470 878 
122.22 252 485.6 168.89 336 636.8 249 480 896 
123.33 254 489.2 170.00 338 640 .4 254 490 914 
124.44 256 492 .8 171.11 340 644 .0 260 500 932 
125.56 258 496 .4 
126.67 260 500.0 172.22 342 647.6 

173.33 344 651.2 

127.78 262 503.6 174.44 346 654 .8 I N T E R P O L A T I O N 
128.89 264 507.2 175.56 348 658 .4 F A C T O R S 
130.00 266 510.8 176.67 350 662.0 
131.11 268 514.4 0 .56 1 1.8 
132.22 270 518.0 177.78 352 665.6 1.11 2 3.6 

178.89 354 669.2 1.67 3 5.4 
133.33 272 521.6 180.00 356 672.8 2.22 4 7.2 
134.44 274 525.2 181.11 358 676 .4 2.78 5 9.0 
135.56 276 528.8 182.22 360 680.0 
136.67 278 532 .4 3.33 6 10.8 
137.78 280 536.0 183.33 362 683.6 3.89 7 12.6 

184.44 364 687.2 4 .44 8 14.4 
138.89 282 539.6 185.56 366 690 .8 5 .00 9 16.2 
140.00 284 543.2 186.67 368 694 .4 5.56 10 18.0 



521 

TABLE 4 

°Brix °Baume ! Specific Solids/ Water/ Total wt./ Wt./ Solic 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

1.0 0.56 1.00389 0.084 8.270 8 354 62.49 0.63 
1.1 0.62 1.00428 0.092 8.265 8.357 62.52 0.69 
1.2 0.67 1.00467 0.100 8.261 8.361 62.54 0.75 
1.3 0.73 1.00506 0.109 8.255 8.364 62.57 0.81 
1.4 0.79 1.00545 0.117 8.250 8.367 62.59 0.88 

1.5 0.84 1.00584 0.126 8.245 8.371 62.61 0.94 
1.6 0.90 1.00623 0.134 8.240 8.374 62.64 1.00 
1.7 0.95 1.00662 0.142 8.235 8.377 62.66 1.07 
1.8 1.01 1.00701 0.151 8.229 8.380 62.69 1.13 
1.9 1.07 1.00740 0.159 8.225 8.384 62.71 1.19 

2.0 1.12 1.00779 0.168 8.219 8.387 62.74 1.26 
2.1 1.18 1.00818 0.176 8.214 8.390 62.76 1.32 
2.2 1.23 1.00858 0.185 8.208 8.393 62.78 1.38 
2.3 1.29 1.00897 0.193 8.204 8.397 62.81 1.44 
2.4 1.34 1.00936 0.202 8.198 8.400 62.83 1.51 

2.5 1.40 1.00976 0.210 8.193 8.403 62.86 1.58 
2.6 1.46 1.01015 0.219 8.187 8.406 62.88 1.64 
2.7 1.51 1.01054 0.227 8.182 8.409 62.91 1.70 
2.8 1.57 1.01093 0.236 8.177 8.413 62.93 1.76 
2.9 1.62 1.01133 0.244 8.172 8.416 62.96 1.82 

3.0 1.68 1.01172 0.253 8.166 8.419 62.98 1.89 
3.1 1.74 1.01211 0.261 8.161 8.422 63.01 1.95 
3.2 1.79 1.01251 0.270 8.156 8.426 63.03 2.02 
3.3 1.85 1.01290 0.278 8.151 8.429 63.05 2.09 
3.4 1.90 1.01330 0.287 8.145 8.432 63.08 2.15 

3.5 1.96 1.01369 0.295 8.141 8.436 63.10 2.21 
3.6 2.02 1.01409 0.304 8.135 8.439 63.13 2.27 
3.7 2.07 1.01448 0.312 8.130 8.442 63.15 2.34 
3.8 2.13 1.01488 0.321 8.125 8.446 63.18 2.40 
3.9 2.18 1.01528 0.330 8.119 8.449 63.20 2.46 

4.0 2.24 1.01567 0.338 8.114 8.452 63.23 2.53 
4.1 2.29 1.01607 0.347 8.108 8.455 63.25 2.59 
4.2 2.35 1.01647 0.355 8.104 8.459 63.28 2.66 
4.3 2.40 1.01687 0.364 8.098 8.462 63.30 2.72 
4.4 2.46 1.01726 0.372 8.093 8.465 63.33 2.79 

DENSITY EQUIVALENTS 

Equivalent degrees Brix, Baume, specific gravity, weight per gallon, pounds solids per gallon and water 
at 20°C, weight per cubic foot and pounds solids per cubic foot 

(By permission of Refined Syrups and Sugars, Inc.; table expanded and calculated up to 99°Brix by 
V.E. Baikow) 
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T A B L E 4 (continued) 

° B r i x ° B a u m é Spec i f i c So l i ds / W a t e r / T o t a l w t . / W t . / So l i ds / 
g r a v i t y g a l l o n g a l l o n g a l l o n f t

3
 f t

3 

at 2 0 ° / 2 0 ° C 

4 .5 2.52 1.01766 0.381 
4 .6 2.57 1.01806 0.390 
4 .7 2.63 1.01846 0.398 
4 .8 2.68 1.01886 0.407 
4 .9 2 .74 1.01926 0.416 

5.0 2 .79 1.01965 0 .424 
5.1 2 .85 1.02C05 0.433 
5.2 2 .91 1.02045 0.442 
5.3 2 .96 1.02085 0 .450 
5.4 3.02 1.02125 0.459 

5.5 3.07 1.02165 0.468 
5.6 3.13 1.02206 0.476 
5.7 3.18 1.02246 0.485 
5.8 3.24 1.02286 0 .494 
5.9 3.30 1.02321 0.502 

6.0 3.35 1.02366 0.511 
6 .1 3.41 1.02407 0.520 
6.2 3.46 1.02447 0.529 
6.3 3.52 1.02487 0.537 
6.4 3.57 1.02527 0.546 

6.5 3.63 1.02568 0.555 
6.6 3.69 1.02608 0 .564 
6.7 3.74 1.02648 0.572 
6.8 3.80 1.02689 0.581 
6.9 3.85 1.02729 0.590 

7.0 3.91 1.02770 0.599 
7.1 3.96 1.02810 0.607 
7.2 4 .02 1.02851 0 .616 
7.3 4 .08 1.02892 0.625 
7.4 4 .13 1.02932 0 .634 

7.5 4 .19 1.02973 0.643 
7.6 4 .24 1.03013 0.652 
7.7 4 .30 1.03054 0.660 

7.8 4 .35 1.03095 0 .669 
7.9 4 .41 1.03136 0.678 

8.0 4 .46 1.03176 0.687 

8.1 4.52 1.03217 0.696 

8.2 4 .58 1.03258 0.705 

8.3 4 .63 1.03299 0.713 

8.4 4 .69 1.03340 0.722 

8.5 4 .74 1.03381 0.731 

8.6 4 .80 1.03422 0 .740 

8.7 4 .85 1.03463 0 .749 

8.8 4 .91 1.03504 0.758 

8.9 4 .96 1.03545 0.767 

8.088 8 .469 63.35 2.86 
8.082 8.472 63 .38 2.92 
8.077 8.475 63 .40 2 .98 
8.072 8 .479 63 .43 3 .04 
8.066 8.482 63 .45 3.11 

8 .061 8.485 63 .48 3.17 
8.055 8.488 63 .50 3.23 
8 .050 8.492 63 .53 3 .30 
8.045 8.495 63.55 3.37 
8 .040 8 .499 63 .58 3.43 

8 .034 8.502 63 .60 3 .50 
8 .029 8.505 63 .63 3.56 
8 .024 8 .509 63.65 3.62 
8.018 8.512 63 .68 3.69 
8 .014 8 .516 63 .70 3.76 

8.008 8 .519 63.73 3.82 
8.002 8.522 63 .75 3 .89 
7.997 8 .526 63 .78 3.95 
7.992 8 .529 6 3 . 8 0 4.02 
7.986 8.532 63 .83 4 .09 

7.981 8 .536 63 .85 4 .15 
7.975 8.539 63 .88 4 .22 
7.970 8.542 63 .90 4 .28 
7.965 8 .546 63 .93 4 .35 
7.959 8 .549 63 .95 4.42 

7.953 8.552 63 .98 4 .48 
7.948 8.555 64 .00 4 .55 
7.943 8 .559 64 .03 4 .61 
7.937 8.562 64 .05 4 .67 
7.932 8 .566 64 .08 4 .74 

7.926 8.569 64 .10 4 .81 
7.921 8.573 64 .13 4.87 
7.916 8.576 64 .15 4 .94 
7.911 8.580 64 .18 5.01 

7.905 8.583 64 .20 5.08 

7.899 8.586 64 .23 5.14 

7.893 8 .589 64 .26 5.20 

7.888 8.593 64 .28 5.27 

7.883 8.596 64 .31 5.34 

7.878 8.600 64.33 5.40 

7.872 8.603 64 .36 5.46 

7.867 8.607 64 .38 5.54 

7.861 8.610 64 .41 5.61 

7.856 8 .614 64 .43 5.67 

7.850 8.617 64 .46 5.73 
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T A B L E 4 (continued) 

° B r i x ° B a u m é Spec i f i c So l i ds / W a t e r / T o t a l w t . / W t . / So l i ds / 
g r a v i t y g a l l o n g a l l o n g a l l o n f t

3
 f t

3 

at 2 0 ° / 2 0 ° C 

9.0 5.02 1.03586 0.776 7.844 8 .620 64 .49 5.80 

9.1 5.07 1.03627 0.785 7.839 8 .624 64 .51 5.87 

9.2 5.13 1.03668 0 .794 7.833 8.627 64 .54 5.94 

9.3 5.19 1.03709 0.803 7.828 8.631 64 .56 5.99 

9.4 5.24 1.03750 0.812 7.822 8 .634 64 .59 6.07 

9.5 5.30 1.03792 0 .821 7.817 8.638 64 .61 6.13 

9.6 5.35 1.03833 0.829 7.812 8.641 64 .64 6.21 

9.7 5.41 1.03874 0.839 7.806 8.645 64.67 6.28 

9.8 5.46 1.03915 0.848 7.800 8.648 64 .69 6.34 

9.9 5.52 1.03957 0.856 7.795 8.651 64.72 6.40 

10.0 5.57 1.03998 0.866 7.789 8.655 64 .74 6.47 

10.1 5.63 1.04039 0.874 7.784 8.658 64.77 6 .54 

10.2 5.68 1.04081 0.883 7.779 8.662 64 .79 6.61 

10.3 5.74 1.04122 0.892 7.773 8.665 64.82 6.66 

10.4 5.80 1.04164 0.902 7.767 8.669 64.85 6.74 

10.5 5.85 1.04205 0.911 7.761 8.672 64.87 6.81 

10.6 5.91 1.04247 0.920 7.755 8.675 64 .90 6.88 

10.7 5.96 1.04288 0.929 7.749 8.678 64.92 6.94 

10.8 6.02 1.04330 0.938 7.744 8.682 64.95 7.01 

10.9 6.07 1.04371 0.947 7.739 8.686 64.97 7.08 

11.0 6.13 1.04413 0.956 7.733 8.689 65 .00 7.15 

11.1 6.18 1.04455 0.965 7.728 8.693 65.03 7.21 

11.2 6.24 1.04497 0.974 7.722 8.696 65.05 7.29 

11.3 6.30 1.04538 0.983 7.717 8.700 65.08 7.36 

11.4 6.35 1.04580 0.992 7.711 8.703 65.11 7.42 

11.5 6.41 1.04622 1.001 7.706 8.707 65 .13 7.48 

11.6 6.46 1.04664 1.010 7.700 8 .710 65 .16 7.56 

11.7 6.52 1.04706 1.020 7.694 8 .714 65 .18 7.63 

11.8 6.57 1.04747 1.029 7.688 8.717 65 .21 7.70 

11.9 6.63 1.04789 1.038 7.683 8.721 65 .24 7.76 

12.0 6.68 1.04831 1.047 7.677 8 .724 65 .26 7.83 

12.1 6 .74 1.04873 1.056 7 .672 8 .728 65 .29 7.90 

12.2 6 .79 1.04915 1.065 7.666 8 .731 65 .31 7.97 

12.3 6.85 1.04957 1.074 7.661 8.735 65 .34 8 .04 

12.4 6 .90 1.04999 1.083 7.655 8 .738 65.37 8.11 

12.5 6.96 1.05041 1.093 7.649 8.742 65 .39 8.17 

12.6 7.02 1.05084 1.102 7.643 8.745 65.42 8 .24 

12.7 7.07 1.05126 1.111 7.638 8 .749 65 .44 8.31 

12.8 7.13 1.05168 1.120 7.632 8.752 65.47 8.38 

12.9 7.18 1.05210 1.130 7.626 8.756 65 .50 8.45 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

13.0 7.24 1.05252 1.139 7.620 8.759 65.52 8.52 
13.1 7.29 1.05295 1.148 7.615 8.763 65.55 8.59 
13.2 7.35 1.05337 1.157 7.609 8.766 65.58 8.66 
13.3 7.40 1.05379 1.167 7.603 8.770 65.60 8.72 
13.4 7.46 1.05422 1.176 7.597 8.773 65.63 8.79 

13.5 7.51 1.05464 1.185 7.592 8.777 65.66 8.86 
13.6 7.57 1.05506 1.194 7.587 8.781 65.68 8.93 
13.7 7.62 1.05549 1.203 7.581 8.784 65.71 9.00 
13.8 7.68 1.05591 1.213 7.575 8.788 65.74 9.07 
13.9 7.73 1.05634 1.222 7.569 8.791 65.76 9.14 

14.0 7.79 1.05677 1.231 7.564 8.795 65.79 9.21 
14.1 7.84 1.05719 1.241 7.558 8.799 65.82 9.28 
14.2 7.90 1.05762 1.250 7.552 8.802 65.84 9.35 
14.3 7.96 1.05804 1.259 7.547 8.806 65.87 9.42 
14.4 8.01 1.05847 1.268 7.541 8.809 65.90 9.49 

14.5 8.07 1.05890 1.278 7.535 8.813 65.92 9.56 
14.6 8.12 1.05933 1.287 7.529 8.816 65.95 9.63 
14.7 8.18 1.05975 1.297 7.523 8.820 65.97 9.70 
14.8 8.23 1.06018 1.306 7.517 8.823 66.00 9.77 
14.9 8.29 1.06061 1.315 7.512 8.827 66.03 9.84 

15.0 8.34 1.06104 1.325 7.505 8.830 66.05 9.91 
15.1 8.40 1.06147 1.334 7.500 8.834 66.08 9.99 

15.2 8.45 1.06190 1.343 7.494 8.837 66.11 10.05 

15.3 8.51 1.06233 1.353 7.488 8.841 66.14 10.12 
15.4 8.56 1.06276 1.362 7.483 8.845 66.16 10.19 

15.5 8.62 1.06319 1.371 7.477 8.848 66.19 10.26 
15.6 8.67 1.06362 1.381 7.471 8.852 66.22 10.33 
15.7 8.73 1.06405 1.390 7.465 8.855 66.24 10.40 
15.8 8.78 1.06448 1.400 7.459 8.859 66.27 10.47 
15.9 8.84 1.06491 1.409 7.453 8.862 66.30 10.54 

16.0 8.89 1.06534 1.419 7.447 8.866 66.32 10.61 
16.1 8.95 1.06577 1.428 7.442 8.870 66.35 10.68 
16.2 9.00 1.06621 1.437 7.436 8.873 66.38 10.75 
16.3 9.06 1.06664 1.447 7.430 8.877 66.40 10.83 
16.4 9.11 1.06707 1.456 7.425 8.881 66.43 10.90 

16.5 9.17 1.06751 1.466 7.418 8.884 66.46 10.97 

16.6 9.22 1.06794 1.475 7.413 8.888 66.49 11.04 
16.7 9.28 1.06837 1.485 7.406 8.891 66.51 11.11 
16.8 9.33 1.06881 1.494 7.401 8.895 66.54 11.18 
16.9 9.39 1.06924 1.504 7.394 8.898 66.57 11.25 

17.0 9.45 1.06968 1.513 7.389 8.902 66.59 11.32 
17.1 9.50 1.07011 1.523 7.383 8.906 66.62 11.39 
17.2 9.56 1.07055 1.532 7.377 8.909 66.65 11.46 
17.3 9.61 1.07098 1.542 7.371 8.913 66.67 11.53 
17.4 9.67 1.07142 1.551 7.366 8.917 66.70 11.61 
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TABLE 4 (continued) 

'Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

17.5 9.72 1.07186 1.561 
17.6 9.78 1.07229 1.571 
17.7 9.83 1.07273 1.580 
17.8 9.89 1.07317 1.590 
17.9 9.94 1.07361 1.599 

18.0 10.00 1.07404 1.609 
18.1 10.05 1.07448 1.619 
18.2 10.11 1.07492 1.628 
18.3 10.16 1.07536 1.638 
18.4 10.22 1.07580 1.647 

18.5 10.27 1.07624 1.657 
18.6 10.33 1.07668 1.667 
18.7 10.38 1.07712 1.676 
18.8 10.44 1.07756 1.686 
18.9 10.49 1.07800 1.696 

19.0 10.55 1.07844 1.705 
19.1 10.60 1.07888 1.715 
19.2 10.66 1.07932 1.725 
19.3 10.71 1.07977 1.734 
19.4 10.77 1.08021 1.744 

19.5 10.82 1.08065 1.754 
19.6 10.88 1.08110 1.763 
19.7 10.93 1.08154 1.773 
19.8 10.99 1.08198 1.783 
19.9 11.04 1.08243 1.793 

20.0 11.10 1.08287 1.802 
20.1 11.15 1.08332 1.812 
20.2 11.21 1.08376 1.822 
20.3 11.26 1.08421 1.832 
20.4 11.32 1.08465 1.842 

20.5 11.37 1.08510 1.851 
20.6 11.43 1.08554 1.861 
20.7 11.48 1.08599 1.871 
20.8 11.54 1.08644 1.881 
20.9 11.59 1.08689 1.890 

21.0 11.65 1.08733 1.900 
21.1 11.70 1.08778 1.910 
21.2 11.76 1.08823 1.920 
21.3 11.81 1.08868 1.930 
21.4 11.87 1.08913 1.940 

7.360 8.921 66.73 11.68 
7.353 8.924 66.76 11.75 
7.348 8.928 66.78 11.82 
7.341 8.931 66.81 11.89 
7.336 8.935 66.84 11.96 

7.330 8.939 66.87 12.04 
7.324 8.943 66.89 12.11 
7.318 8.946 66.92 12.18 
7.312 8.950 66.95 12.25 
7.306 8.953 66.97 12.32 

7.300 8.957 67.00 12.40 
7.294 8.961 67.03 12.47 
7.288 8.964 67.06 12.54 
7.282 8.968 67.08 12.61 
7.275 8.971 67.11 12.68 

7.270 8.975 67.14 12.76 
7.264 8.979 67.17 12.83 
7.258 8.983 67.19 12.90 
7.252 8.986 67.22 12.97 
7.246 8.990 67.25 13.05 

7.240 8.994 67.28 13.12 
7.234 8.997 67.30 13.19 
7.228 9.001 67.33 13.26 
7.222 9.005 67.36 13.34 
7.215 9.008 67.39 13.41 

7.210 9.012 67.42 13.48 
7.204 9.016 67.44 13.56 
7.198 9.020 67.47 13.63 
7.191 9.023 67.50 13.70 
7.185 9.027 67.53 13.78 

7.180 9.031 67.55 13.85 
7.173 9.034 67.58 13.92 
7.167 9.038 67.61 14.00 
7.161 9.042 67.64 14.07 
7.155 9.045 67.67 14.14 

7.149 9.049 67.69 14.22 
7.143 9.053 67.72 14.29 
7.137 9.057 67.75 14.36 
7.130 9.060 67.78 14.44 
7.124 9.064 67.81 14.51 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

21.5 11.92 1.08958 1.950 7.118 9.068 67.83 14.58 
21.6 11.98 1.09003 1.959 7.113 9.072 67.86 14.66 
21.7 12.03 1.09048 1.970 7.106 9.076 67.89 14.74 
21.8 12.09 1.09093 1.979 7.100 9.079 67.92 14.81 
21.9 12.14 1.09138 1.989 7.094 9.083 67.95 14.88 

22.0 12.20 1.09183 1.999 7.088 9.087 67.97 14.96 
22.1 12.25 1.09228 2.009 7.082 9.091 68.00 15.03 
22.2 12.31 1.09273 2.019 7.075 9.094 68.03 15.10 
22.3 12.36 1.09318 2.029 7.069 9.098 68.06 15.18 
22.4 12.42 1.09364 2.039 7.063 9.102 68.09 15.25 

22.5 12.47 1.09409 2.049 7.057 9.106 68.11 15.32 
22.6 12.52 1.09454 2.059 7.050 9.109 68.14 15.40 
22.7 12.58 1.09499 2.069 7.045 9.114 68.17 15.47 
22.8 12.63 1.09545 2.079 7.038 9.117 68.20 15.55 
22.9 12.69 1.09590 2.089 7.032 9.121 68.23 15.62 

23.0 12.74 1.09636 2.099 7.026 9.125 68.26 15.70 
23.1 12.80 1.09681 2.109 7.020 9.129 68.28 15.78 
23.2 12.85 1.09727 2.119 7.013 9.132 68.31 15.85 
23.3 12.91 1.09772 2.129 7.007 9.136 68.34 15.92 
23.4 12.96 1.09818 2.139 7.001 9.140 68.37 16.00 

23.5 13.02 1.09863 2.149 6.995 9.144 68.40 16.07 
23.6 13.07 1.09909 2.159 6.988 9.147 68.43 16.15 
23.7 13.13 1.09954 2.169 6.982 9.151 68.46 16.23 
23.8 13.18 1.10000 2.179 6.976 9.155 68.48 16.30 
23.9 13.24 1.10046 2.189 6.970 9.159 68.51 16.37 

24.0 13.29 1.10092 2.199 6.964 9.163 68.54 16.45 
24.1 13.35 1.10137 2.209 6.958 9.167 68.57 16.53 
24.2 13.40 1.10183 2.219 6.951 9.170 68.60 16.60 
24.3 13.46 1.10229 2.229 6.945 9.174 68.63 16.67 
24.4 13.51 1.10275 2.239 6.939 9.178 68.65 16.75 

24.5 13.57 1.10321 2.250 6.932 9.182 68.68 16.82 
24.6 13.62 1.10367 2.259 6.926 9.185 68.71 16.90 
24.7 13.67 1.10413 2.270 6.919 9.189 68.74 16.98 
24.8 13.73 1.10459 2.280 6.913 9.193 68.77 17.05 
24.9 13.78 1.10505 2.290 6.907 9.197 68.80 17.13 

25.0 13.84 1.10551 2.300 6.901 9.201 68.83 17.21 
25.1 13.89 1.10597 2.310 6.895 9.205 68.86 17.28 
25.2 13.95 1.10643 2.320 6.888 9.208 68.88 17.36 
25.3 14.00 1.10689 2.331 6.881 9.212 68.91 17.43 
25.4 14.06 1.10736 2.341 6.875 9.216 68.94 17.51 
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TABLE 4 (continued) 

'Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

25.5 14.11 1.10782 2.351 6.869 9.220 68.97 17.58 
25.6 14.17 1.10828 2.361 6.863 9.224 69.00 17.66 
25.7 14.22 1.10874 2.372 6.856 9.228 69.03 17.74 
25.8 14.28 1.10921 2.382 6.850 9.232 69.06 17.82 
25.9 14.33 1.10967 2.392 6.844 9.236 69.09 17.89 

26.0 14.39 1.11014 2.402 6.837 9.239 69.11 17.97 
26.1 14.44 1.11060 2.412 6.831 9.243 69.14 18.04 
26.2 14.49 1.11106 2.423 6.824 9.247 69.17 18.12 
26.3 14.55 1.11153 2.433 6.818 9.251 69.20 18.20 
26.4 14.60 1.11200 2.443 6.812 9.255 69.23 18.28 
26.5 14.66 1.11246 2.454 6.805 9.259 69.26 18.35 
26.6 14.71 1.11293 2.464 6.799 9.263 69.29 18.43 
26.7 14.77 1.11339 2.474 6.792 9.266 69.32 18.51 
26.8 14.82 1.11386 2.484 6.786 9.270 69.35 18.58 
26.9 14.88 1.11433 2.495 6.779 9.274 69.38 18.66 

27.0 14.93 1.11480 2.505 6.773 9.278 69.41 18.74 
27.1 14.99 1.11526 2.515 6.767 9.282 69.43 18.81 
27.2 15.04 1.11573 2.526 6.760 9.286 69.46 18.89 
27.3 15.09 1.11620 2.536 6.754 9.290 69.49 18.97 
27.4 15.15 1.11667 2.547 6.747 9.294 69.52 19.05 

27.5 15.20 1.11714 2.557 6.741 9.298 69.55 19.13 
27.6 15.26 1.11761 2.567 6.735 9.302 69.58 19.21 
27.7 15.31 1.11808 2.577 6.728 9.305 69.61 19.28 
27.8 15.37 1.11855 2.588 6.721 9.309 69.64 19.36 
27.9 15.42 1.11902 2.598 6.715 9.313 69.67 19.44 

28.0 15.48 1.11949 2.609 6.708 9.317 69.70 19.52 
28.1 15.53 1.11996 2.619 6.702 9.321 69.73 19.60 
28.2 15.59 1.12043 2.629 6.695 9.325 69.76 19.67 
28.3 15.64 1.12090 2.640 6.689 9.329 69.79 19.75 
28.4 15.69 1.12138 2.651 6.682 9.333 69.82 19.83 

28.5 15.75 1.12185 2.661 6.676 9.338 69.85 19.91 
28.6 15.80 1.12232 2.672 6.669 9.341 69.87 19.99 
28.7 15.86 1.12280 2.682 6.663 9.345 69.90 20.06 
28.8 15.91 1.12327 2.692 6.657 9.349 69.93 20.14 
28.9 15.97 1.12374 2.703 6.650 9.353 69.96 20.22 

29.0 16.02 1.12422 2.714 6.643 9.357 69.99 20.30 
29.1 16.08 1.12469 2.724 6.637 9.361 70.02 20.38 
29.2 16.13 1.12517 2.735 6.630 9.365 70.05 20.46 
29.3 16.18 1.12564 2.745 6.624 9.369 70.08 20.53 
29.4 16.24 1.12612 2.755 6.617 9.372 70.11 20.61 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft.

3
 ft

3 

at 20°/20°C 

29.5 16.29 1.12659 2.766 6.610 9.376 70.14 20.69 
29.6 16.35 1.12707 2.776 6.604 9.380 70.17 20.77 
29.7 16.40 1.12755 2.787 6.597 9.384 70.20 20.85 
29.8 16.46 1.12802 2.798 6.590 9.388 70.23 20.93 
29.9 16.51 1.12850 2.808 6.584 9.392 70.26 21.01 

30.0 16.57 1.12898 2.819 6.577 9.396 70.29 21.09 
30.1 16.62 1.12946 2.829 6.571 9.400 70.32 21.16 
30.2 16.67 1.12993 2.840 6.564 9.404 70.35 21.24 

30.3 16.73 1.13041 2.851 6.557 9.408 70.38 21.32 
30.4 16.78 1.13089 2.861 6.551 9.412 70.41 21.40 

30.5 16.84 1.13137 2.872 6.544 9.416 70.44 21.48 
30.6 16.89 1.13185 2.883 6.537 9.420 70.47 21.56 
30.7 16.95 1.13233 2.893 6.531 9.424 70.50 21.64 
30.8 17.00 1.13281 2.904 6.524 9.428 70.53 21.72 
30.9 17.05 1.13329 2.914 6.518 9.432 70.56 21.80 

31.0 17.11 1.13378 2.925 6.511 9.436 70.59 21.88 
31.1 17.16 1.13426 2.936 6.504 9.440 70.62 21.96 
31.2 17.22 1.13474 2.947 6.497 9.444 70.65 22.04 
31.3 17.27 1.13522 2.957 6.491 9.448 70.68 22.12 
31.4 17.33 1.13570 2.968 6.484 9.452 70.71 22.20 

31.5 17.38 1.13619 2.979 6.477 9.456 70.74 22.28 
31.6 17.43 1.13667 2.989 6.471 9.460 70.77 22.36 
31.7 17.49 1.13715 3.000 6.464 9.464 70.80 22.44 
31.8 17.54 1.13764 3.011 6.457 9.468 70.83 22.52 
31.9 17.60 1.13812 3.022 6.451 9.473 70.86 22.60 

32.0 17.65 1.13861 3.033 6.444 9.477 70.89 22.69 
32.1 17.70 1.13909 3.043 6.438 9.481 70.92 22.77 
32.3 17.76 1.13958 3.054 6.431 9.485 70.96 22.85 
32.3 17.81 1.14006 3.065 6.424 9.489 70.98 22.93 
32.4 17.87 1.14055 3.076 6.417 9.493 71.01 23.01 

32.5 17.92 1.14103 3.087 6.410 9.497 71.04 23.09 
32.6 17.98 1.14152 3.097 6.404 9.501 71.07 23.17 
32.7 18.03 1.14201 3.108 6.397 9.505 71.10 23.25 
32.8 18.08 1.14250 3.119 6.390 9.509 71.13 23.33 
32.9 18.14 1.14298 3.130 6.383 9.513 71.16 23.41 

33.0 18.19 1.14347 3.141 6.376 9.517 71.19 23.49 
33.1 18.25 1.14396 3.151 6.370 9.521 71.22 23.58 
33.2 18.30 1.14445 3.162 6.363 9.525 71.25 23.66 
33.3 18.36 1.14494 3.173 6.356 9.529 71.28 23.74 
33.4 18.41 1.14543 3.184 6.349 9.533 71.31 23.82 



529 

TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

33.5 18.46 1.14592 3.195 6.342 9.537 71.34 23.90 
33.6 18.52 1.14641 3.206 6.335 9.541 71.38 23.98 
33.7 18.57 1.14690 3.217 6.329 9.546 71.41 24.06 
33.8 18.63 1.14739 3.228 6.322 9.550 71.44 24.15 
33.9 18.68 1.14788 3.239 6.315 9.554 71.47 24.23 

34.0 18.73 1.14837 3.250 6.308 9.558 71.50 24.31 
34.1 18.79 1.14886 3.261 6.301 9.562 71.53 24.39 
34.2 18.84 1.14936 3.272 6.294 9.566 71.56 24.47 
34.3 18.90 1.14985 3.283 6.287 9.570 71.59 24.55 
34.4 18.95 1.15034 3.293 6.281 9.574 71.62 24.64 

34.5 19.00 1.15084 3.305 6.274 9.579 71.65 24.72 
34.6 19.06 1.15133 3.316 6.267 9.583 71.68 24.80 
34.7 19.11 1.15183 3.327 6.260 9.587 71.71 24.88 
34.8 19.17 1.15232 3.338 6.253 9.591 71.74 24.97 
34.9 19.22 1.15282 3.349 6.246 9.595 71.77 25.05 

35.0 19.28 1.15331 3.360 6.239 9.599 71.81 25.13 
35.1 19.33 1.15381 3.371 6.232 9.603 71.84 25.22 
35.2 19.38 1.15430 3.382 6.225 9.607 71.87 25.30 
35.3 19.44 1.15480 3.393 6.218 9.611 71.90 25.38 
35.4 19.49 1.15530 3.404 6.212 9.616 71.93 25.46 

35.5 19.55 1.15579 3.415 6.205 9.620 71.96 25.54 
35.6 19.60 1.15629 3.426 6.198 9.624 71.99 25.63 
35.7 19.65 1.15679 3.437 6.191 9.628 72.02 25.71 
35.8 19.71 1.15729 3.448 6.184 9.632 72.05 25.80 
35.9 19.76 1.15778 3.459 6.177 9.636 72.08 25.88 

36.0 19.81 1.15828 3.470 6.170 9.640 72.12 25.96 
36.1 19.87 1.15878 3.481 6.163 9.644 72.15 26.04 
36.2 19.92 1.15928 3.493 6.156 9.649 72.18 26.13 
36.3 19.98 1.15978 3.504 6.149 9.653 72.21 26.21 
36.4 20.03 1.16028 3.515 6.142 9.657 72.24 26.30 

36.5 20.08 1.16078 3.526 6.135 9.661 72.27 26.38 
36.6 20.14 1.16128 3.537 6.128 9.665 72.30 26.46 
36.7 20.19 1.16178 3.549 6.120' 9.669 72.33 26.54 
36.8 20.25 1.16228 3.560 6.114 9.674 72.37 26.63 
36.9 20.30 1.16279 3.571 6.107 9.678 72.40 26.71 

37.0 20.35 1.16329 3.582 6.100 9.682 72.43 26.80 
37.1 20.41 1.16379 3.594 6.092 9.686 72.46 26.88 
37.2 20.46 1.16430 3.605 6.086 9.691 72.49 26.97 
37.3 20.52 1.16480 3.616 6.079 9.695 72.52 27.05 
37.4 20.57 1.16530 3.627 6.072 9.699 72.55 27.14 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

37.5 20.62 1.16581 3.639 6.064 9.703 72.58 27.22 
37.6 20.68 1.16631 3.650 6.057 9.707 72.62 27.30 
37.7 20.73 1.16682 3.661 6.050 9.711 72.65 27.39 
37.8 20.78 1.16732 3.673 6.043 9.716 72.68 27.47 
37.9 20.84 1.16783 3.684 6.036 9.720 72.71 27.56 

38.0 20.89 1.16833 3.695 6.029 9.724 72.74 27.64 
38.1 20.94 1.16884 3.706 6.022 9.728 72.77 27.72 
38.2 21.00 1.16934 3.718 6.015 9.733 72.80 27.81 
38.3 21.05 1.16985 3.729 6.008 9.737 72.84 27.90 
38.4 21.11 1.17036 3.741 6.000 9.741 72.87 27.98 

38.5 21.16 1.17087 3.752 5.993 9.745 72.90 28.07 
38.6 21.21 1.17138 3.763 5.986 9.749 72.93 28.15 
38.7 21.27 1.17188 3.774 5.979 9.753 72.96 28.23 
38.8 21.32 1.17239 3.786 5.972 9.758 72.99 28.32 
38.9 21.38 1.17290 3.797 5.965 9.762 73.03 28.41 

39.0 21.43 1.17341 3.809 5.957 9.766 73.06 28.49 
39.1 21.48 1.17392 3.820 5.950 9.770 73.09 28.57 
39.2 21.54 1.17443 3.832 5.943 9.775 73.12 28.66 
39.3 21.59 1.17494 3.843 5.936 9.779 73.15 28.75 
39.4 21.64 1.17545 3.855 5.928 9.783 73.19 28.83 

39.5 21.70 1.17596 3.866 5.922 9.788 73.22 28.92 
39.6 21.75 1.17648 3.878 5.914 9.792 73.25 29.01 
39.7 21.80 1.17699 3.889 5.907 9.796 73.28 29.09 
39.8 21.86 1.17750 3.901 5.900 9.801 73.31 29.18 
39.9 21.91 1.17802 3.912 5.893 9.805 73.35 29.27 

40.0 21.97 1.17853 3.924 5.885 9.809 73.38 29.35 
40.1 22.02 1.17904 3.935 5.878 9.813 73.41 29.43 
40.2 22.07 1.17956 3.947 5.871 9.818 73.44 29.52 
40.3 22.13 1.18007 3.958 5.864 9.822 73.47 29.61 
40.4 22.18 1.18058 3.970 5.856 9.826 73.51 29.70 

40.5 22.23 1.18110 3.982 5.849 9.831 73.54 29.78 
40.6 22.29 1.18162 3.993 5.842 9.835 73.57 29.87 
40.7 22.34 1.18213 4.004 5.835 9.839 73.60 29.95 
40.8 22.39 1.18265 4.016 5.827 9.843 73.63 30.04 
40.9 22.45 1.18316 4.028 5.820 9.848 73.67 30.13 

41.0 22.50 1.18368 4.039 5.813 9.852 73.70 30.22 
41.1 22.55 1.18420 4.051 5.805 9.856 73.73 30.30 
41.2 22.61 1.18472 4.063 5.798 9.861 73.76 30.39 
41.3 22.66 1.18524 4.074 5.791 9.865 73.80 30.48 
41.4 22.72 1.18575 4.086 5.783 9.869 73.83 30.56 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

41.5 22.77 1.18627 4.098 5.776 9.874 73.86 30.65 
41.6 22.82 1.18679 4.109 5.769 9.878 73.89 30.74 
41.7 22.88 1.18731 4.121 5.761 9.882 73.92 30.83 
41.8 22.93 1.18783 4.133 5.754 9.887 73.96 30.92 
41.9 22.98 1.18835 4.144 5.747 9.891 73.99 31.00 

42.0 23.04 1.18887 4.156 5.739 9.895 74.02 31.09 
42.1 23.09 1.18939 4.167 5.732 9.899 74.05 31.18 
42.2 23.14 1.18992 4.180 5.724 9.904 74.09 31.27 
42.3 23.20 1.19044 4.191 5.717 9.908 74.12 31.35 
42.4 23.25 1.19096 4.203 5.710 9.913 74.15 31.44 

42.5 23.30 1.19148 4.215 5.702 9.917 74.18 31.52 
42.6 23.36 1.19201 4.226 5.695 9.921 74.22 31.62 
42.7 23.41 1.19253 4.238 5.688 9.926 74.25 31.70 
42.8 23.46 1.19305 4.250 5.680 9.930 74.28 31.79 
42.9 23.52 1.19358 4.262 5.673 9.935 74.32 31.88 

43.0 23.57 1.19410 4.274 5.665 9.939 74.35 31.97 
43.1 23.62 1.19463 4.285 5.658 9.943 74.38 32.06 
43.2 23.68 1.19515 4.298 5.650 9.948 74.41 32.15 
43.3 23.73 1.19568 4.309 5.643 9.952 74.45 32.23 
43.4 23.78 1.19620 4.321 5.635 9.956 74.48 32.32 

43.5 23.84 1.19673 4.333 5.628 9.961 74.51 32.41 
43.6 23.89 1.19726 4.345 5.620 9.965 74.54 32.50 
43.7 23.94 1.19778 4.357 5.613 9.970 74.58 32.59 
43.8 24.00 1.19831 4.369 5.605 9.974 74.61 32.68 
43.9 24.05 1.19884 4.381 5.598 9.979 74.64 32.77 

44.0 24.10 1.19936 4.392 5.591 9.983 74.68 32.86 
44.1 24.16 1.19989 4.404 5.583 9.987 74.71 32.95 
44.2 24.21 1.20042 4.416 5.576 9.992 74.74 33.04 
44.3 24.26 1.20095 4.428 5.568 9.996 74.77 33.12 
44.4 24.32 1.20148 4.440 5.560 10.000 74.81 33.21 

44.5 24.37 1.20201 4.452 5.553 10.005 74.84 33.30 
44.6 24.42 1.20254 4.464 5.545 10.009 74.87 33.39 
44.7 24.48 1.20307 4.476 5.538 10.014 74.91 33.48 
44.8 24.53 1.20360 4.488 5.530 10.018 74.94 33.57 
44.9 24.58 1.20414 4.500 5.523 10.023 74.97 33.66 

45.0 24.63 1.20467 4.512 5.515 10.027 75.01 33.75 
45.1 24.69 1.20520 4.524 5.507 10.031 75.04 33.84 
45.2 24.74 1.20573 4.536 5.500 10.036 75.07 33.93 
45.3 24.79 1.20627 4.548 5.492 10.040 75. Π 34.02 
45.4 24.85 1.20680 4.560 5.485 10.045 75.14 34.11 

45.5 24.90 1.20733 4.572 5.477 10.049 75.17 34.20 
45.6 24.95 1.20787 4.585 5.469 10.054 75.21 34.30 
45.7 25.01 1.20840 4.597 5.461 10.058 75.24 34.39 
45.8 25.06 1.20894 4.609 5.454 10.063 75.27 34.48 
45.9 25.11 1.20947 4.621 5.446 10.067 75.31 34.57 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

46.0 25.17 1.21001 4.633 5.438 10.071 75.34 34.66 
46.1 25.22 1.21054 4.645 5.431 10.076 75.37 34.75 
46.2 25.27 1.21108 4.657 5.423 10.080 75.41 34.84 
46.3 25.32 1.21162 4.669 5.416 10.085 75.44 34.93 
46.4 25.38 1.21215 4.681 5.408 10.089 75.47 35.02 

46.5 25.43 1.21269 4.694 5.400 10.094 75.51 35.11 
46.6 25.48 1.21323 4.706 5.392 10.098 75.54 35.20 
46.7 25.54 1.21377 4.718 5.385 10.103 75.57 35.29 
46.8 25.59 1.21431 4.730 5.377 10.107 75.61 35.38 
46.9 25.64 1.21484 4.743 5.369 10.112 75.64 35.47 

47.0 25.70 1.21538 4.754 5.362 10.116 75.67 35.57 
47.1 25.75 1.21592 4.767 5.354 10.121 75.71 35.66 
47.2 25.80 1.21646 4.779 5.346 10.125 75.74 35.75 
47.3 25.86 1.21700 4.791 5.339 10.130 75.78 35.84 
47.4 25.91 1.21755 4.804 5.330 10.134 75.81 35.93 

47.5 25.96 1.21809 4.816 5.323 10.139 75.84 36.02 
47.6 26.01 1.21863 4.828 5.315 10.143 75.88 36.12 
47.7 26.07 1.21917 4.841 5.307 10 148 75.91 36.21 
47.8 26.12 1.21971 4.853 5.299 10.152 75.94 36.30 
47.9 26.17 1.22026 4.865 5.292 10.157 75.98 36.39 

48.0 26.23 1.22080 4.878 5.284 10.162 76.01 36.49 
48.1 26.28 1.22134 4.890 5.276 10.166 76.04 36.58 
48.2 26.33 1.22189 4.902 5.268 10.170 76.08 36.67 
48.3 26.38 1.22243 4.915 5.260 10.175 76.11 36.76 
48.4 26.44 1.22298 4.927 5.252 10.179 76.15 36.85 

48.5 26.49 1.22352 4.939 5.245 10.184 76.18 36.95 
48.6 26.54 1.22406 4.952 5.237 10.189 76.22 37.04 
48.7 26.59 1.22461 4.964 5.229 10.193 76.25 37.14 
48.8 26.65 1.22516 4.977 5.221 10.198 76.28 37.23 
48.9 26.70 1.22570 4.989 5.213 10.202 76.32 37.32 

49.0 26.75 1.22625 5.001 5.206 10.207 76.35 37.41 
49.1 26.81 1.22680 5.014 5.198 10.212 76.39 37.51 
49.2 26.86 1.22735 5.026 5.190 10.216 76.42 37.60 
49.3 26.91 1.22789 5.039 5.182 10.221 76.45 37.69 
49.4 26.96 1.22844 5.051 5.174 10.225 76.49 37.79 

49.5 27.02 1.22899 5.064 5.166 10.230 76.52 37.88 
49.6 27.07 1.22954 5.076 5.158 10.234 76.56 37.97 
49.7 27.12 1.23009 5.089 5.150 10.239 76.59 38.06 
49.8 27.18 1.23064 5.101 5.142 10.243 76.63 38.16 
49.9 27.23 1.23119 5.114 5.134 10.248 76.66 38.25 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 f t

3 

at 20°/20°C 

50.0 27.28 1.23174 5.126 5.126 10.252 76.69 38.35 
50.1 27.33 1.23229 5.139 5.118 10.257 76.73 38.45 
50.2 27.39 1.23284 5.152 5.110 10.262 76.76 38.54 
50.3 27.44 1.23340 5.164 5.102 10.266 76.80 38.63 
50.4 27.49 1.23395 5.177 5.094 10.271 76.83 38.72 

50.5 27.54 1.23450 5.189 5.087 10.276 76.87 38.82 
50.6 27.60 1.23506 5.202 5.078 10.280 76.90 38.91 
50.7 27.65 1.23561 5.214 5.071 10.285 76.93 39.00 
50.8 27.70 1.23616 5.225 5.065 10.290 76.97 39.10 
50.9 27.75 1.23672 5.240 5.054 10.294 77.00 39.19 

51.0 27.81 1.23727 5.252 5.047 10.299 77.04 39.29 
51.1 27.86 1.23782 5.265 5.039 10.304 77.07 39.38 
51.2 27.91 1.23838 5.278 5.030 10.308 77.11 39.48 
51.3 27.96 1.23894 5.291 5.022 10.313 77.14 39.57 
51.4 28.02 1.23949 5.303 5.014 10.317 77.18 39.67 

51.5 28.07 1.24005 5.316 5.006 10.322 77.21 39.76 
51.6 28.12 1.24060 5.328 4.998 10.326 77.25 39.86 
51.7 28.17 1.24116 5.341 4.990 10.331 77.28 39.95 
51.8 28.23 1.24172 5.354 4.982 10.336 77.32 40.05 
51.9 28.28 1.24228 5.366 4.974 10.340 77.35 40.14 

52.0 28.33 1.24284 5.379 4.9.66 10.345 77.39 40.24 
52.1 28.38 1.24339 5.392 4.958 10.350 77.42 40.33 
52.2 28.44 1.24395 5.405 4.949 10.354 77.46 40.43 
52.3 28.49 1.24451 5.418 4.941 10.359 77.49 40.53 
52.4 28.54 1.24507 5.431 4.933 10.364 77.53 40.63 

52.5 28.59 1.24563 5.444 4.925 10.369 77.56 40.72 
52.6 28.65 1.24619 5.456 4.917 10.373 77.59 40.82 
52.7 28.70 1.24675 5.469 4.909 10.378 77.63 40.92 
52.8 28.75 1.24731 5.482 4.900 10.382 77.66 41.01 
52.9 28.80 1.24788 5.495 4.892 10.387 77.70 41.11 

53.0 28.86 1.24844 5.508 4.884 10.392 77.73 41.20 
53.1 28.91 1.24900 5.521 4.876 10.397 77.77 41.29 
53.2 28.96 1.24956 5.533 4.868 10.401 77.80 41.39 
53.3 29.01 1.25013 5.546 4.860 10.406 77.84 41.49 
53.4 29.06 1.25069 5.559 4.851 10.410 77.88 41.58 

53.5 29.12 1.25126 5.573 4.843 10.416 77.91 41.68 
53.6 29.17 1.25182 5.585 4.835 10.420 77.95 41.78 
53.7 29.22 1.25238 5.598 4.827 10.425 77.98 41.87 
53.8 29.27 1.25295 5.611 4.818 10.429 78.02 41.97 
53.9 29.32 1.25351 5.624 4.810 10.434 78.05 42.07 

54.0 29.38 1.25408 5.637 4.802 10.439 78.09 42.17 
54.1 29.43 1.25465 5.650 4.794 10.444 78.12 42.26 
54.2 29.48 1.25521 5.663 4.785 10.448 78.16 42.36 
54.3 29.53 1.25578 5.676 4.777 10.453 78.18 42.46 
54.4 29.59 1.25635 5.689 4.769 10.458 78.23 42.56 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

54.5 29.64 1.25692 5.702 
54.6 29.69 1.25748 5.715 
54.7 29.74 1.25805 5.728 
54.8 29.80 1.25862 5.741 
54.9 29.85 1.25919 5.754 

55.0 29.90 1.25976 5.767 
55.1 29.95 1.26033 5.781 
55.2 30.00 1.26090 5.793 
55.3 30.06 1.26147 5.807 
55.4 30.11 1.26204 5.820 

55.5 30.16 1.26261 5.833 
55.6 30.21 1.26319 5.846 
55.7 30.26 1.26376 5.860 
55.8 30.32 1.26433 5.872 
55.9 30.37 1.26490 5.886 

56.0 30.42 1.26548 5.899 
56.1 30.47 1.26605 5.912 
56.2 30.52 1.26663 5.925 
56.3 30.57 1.26720 5.939 
56.4 30.63 1.26778 5.952 
56.5 30.68 1.26835 5.965 
56.6 30.73 1.26893 5.978 
56.7 30.78 1.26950 5.991 
56.8 30.83 1.27008 6.005 
56.9 30.89 1.27066 6.018 

57.0 30.94 1.27123 6.031 
57.1 30.99 1.27181 6.045 
57.2 31.04 1.27239 6.058 
57.3 31.09 1.27297 6.072 
57.4 31.15 1.27355 6.085 

57.5 31.20 1.27413 6.098 
57.6 31.25 1.27471 6.111 
57.7 31.30 1.27529 6.125 
57.8 31.35 1.27587 6.138 
57.9 31.40 1.27645 6.152 

58.0 31.46 1.27703 6.165 
58.1 31.51 1.27761 6.179 
58.2 31.56 1.27819 6.192 
58.3 31.61 1.27878 6.205 
58.4 31.66 1.27936 6.219 

4.761 10.46S 78.26 42.65 
4.752 10.467 78.30 42.75 
4.744 10.472 78.33 42.85 
4.735 10.476 78.37 42.95 
4.727 10.481 78.40 43.04 

4.719 10.486 78.44 43.14 
4.710 10.491 78.48 43.24 
4.702 10.495 78.51 43.34 
4.693 10.500 78.55 43.44 
4.685 10.505 78.58 43.54 

4.677 10.510 78.62 43.64 
4.669 10.515 78.65 43.73 
4.660 10.520 78.69 43.83 
4.652 10.524 78.73 43.93 
4.643 10.529 78.76 44.03 

4.635 10.534 78.80 44.13 
4.627 10.539 78.83 44.22 
4.618 10.543 78.87 44.32 
4.609 10.548 78.90 44.42 
4.601 10.553 78.94 44.52 
4.593 10.558 78.98 44.62 
4.584 10.562 79.01 44.72 
4.576 10.567 79.05 44.82 
4.567 10.572 79.08 44.92 
4.558 10.576 79.12 45.02 

4.550 10.581 79.15 45.12 
4.541 10.586 79.19 45.22 
4.533 10.591 79.23 45.32 
4.524 10.596 79.26 45.42 
4.516 10.601 79.30 45.52 

4.508 10.606 79.34 45.62 
4.499 10.610 79.37 45.72 
4.490 10.615 79.41 45.82 
4.482 10.620 79.44 45.92 
4.473 10.625 79.48 46.02 

4.465 10.630 79.52 46.12 
4.456 10.635 79.55 46.22 
4.448 10.640 79.59 46.32 
4.439 10.644 79.63 46.42 
4.430 10.649 79.66 46.52 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

58.5 31.71 1.27994 6.233 4.421 10.654 79.70 46.63 
58.6 31.76 1.28052 6.246 4.413 10.659 79.73 46.73 
58.7 31.82 1.28111 6.260 4.404 10.664 79.77 46.83 
58.8 31.87 1.28169 6.273 4.396 10.669 79.81 46.93 
58.9 31.92 1.28228 6.286 4.387 10.673 79.84 47.03 

59.0 31.97 1.28286 6.300 4.378 10.678 79.88 47.13 
59.1 32.02 1.28345 6.314 4.369 10.683 79.92 47.23 
59.2 32.07 1.28404 6.327 4.361 10.688 79.95 47.33 
59.3 32.13 1.28462 6.341 4.352 10.693 79.99 47.44 
59.4 32.18 1.28520 6.355 4.343 10.698 80.03 47.54 

59.5 32.23 1.28579 6.368 4.335 10.703 80.06 47.64 
59.6 32.28 1.28638 6.382 4.326 10.708 80.10 47.74 
59.7 32.33 1.28697 6.396 4.317 10.713 80.14 47.85 
59.8 32.38 1.28755 6.409 4.309 10.718 80.17 47.95 
59.9 32.43 1.28814 6.422 4.300 10.722 80.21 48.05 

60.0 32,49 1.28873 6.436 4.291 10.727 80.25 48.15 
60.1 32.54 1.28932 6.450 4.282 10.732 80.28 48.25 
60.2 32.59 1.28991 6.464 4.273 10.737 80.32 48.35 
60.3 32.64 1.29050 6.477 4.265 10.742 80.36 48.46 
60.4 32.69 1.29109 6.491 4.256 10.747 80.39 48.56 

60.5 32.74 1.29168 6.505 4.247 10.752 80.43 48.66 
60.6 32.79 1.29227 6.519 4.238 10.757 80.47 48.76 
60.7 32.85 1.29286 6.533 4.229 10.762 80.50 48.86 
60.8 32.90 1.29346 6.546 4.221 10.767 80.54 48.97 
60.9 32.95 1.29405 6.560 4.212 10.772 80.58 49.08 

61.0 33.00 1.29464 6.574 4.203 10.777 80.61 49.18 
61.1 33.05 1.29523 6.588 4.194 10.782 80.65 49.28 
61.2 33.10 1.29583 6.601 4.185 10.786 80.69 49.38 
61.3 33.15 1.29642 6.615 4.176 10.791 80.73 49.49 
61.4 33.20 1.29701 6.629 4.167 10.796 80.76 49.59 

61.5 33.26 1.29761 6.643 4.158 10.801 80.80 49.69 
61.6 33.31 1.29820 6.656 4.150 10.806 80.84 49.79 
61.7 33.36 1.29880 6.670 4.141 10.811 80.87 49.89 
61.8 33.41 1.29940 6.684 4.132 10.816 80.91 50.00 
61.9 33.46 1.29999 6.698 4.123 10.821 80.95 50.11 

62.0 33.51 1.30059 6.712 4.114 10.826 80.98 50.21 
62.1 33.56 1.30118 6.726 4.105 10.831 81.02 50.32 
62.2 33.61 1.30178 6.740 4.096 10.836 81.06 50.42 
62.3 33.67 1.30238 6.754 4.087 10.841 81.10 50.53 
62.4 33.72 1.30298 6.768 4.078 10.846 81.13 50.63 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

62.5 33.77 1.30358 6.782 4.069 10.851 81.17 50.73 
62.6 33.82 1.30418 6.796 4.060 10.856 81.21 50.84 
62.7 33.87 1.30477 6.810 4.051 10.861 81.25 50.95 
62.8 33.92 1.30537 6.824 4.042 10.866 81.28 51.05 
62.9 33.97 1.30597 6.838 4.033 10.871 81.32 51.16 

63.0 34.02 1.30657 6.852 4.024 10.876 81.36 51.26 
63.1 34.07 1.30718 6.866 4.015 10.881 81.40 51.37 
63.2 34.12 1.30778 6.881 4.005 10.886 81.43 51.47 
63.3 34.18 1.30838 6.894 3.997 10.891 81.47 51.57 
63.4 34.23 1.30898 6.908 3.988 10.896 81.51 51.68 

63.5 34.28 1.30958 6.922 3.979 10.901 81.55 51.79 
63.6 34.33 1.31019 6.936 3.970 10.906 81.58 51.89 
63.7 34.38 1.31079 6.950 3.961 10.911 81.62 51.99 
63.8 34.43 1.31139 6.964 3.952 10.916 81.66 52.10 
63.9 34.48 1.31200 6.979 3.942 10.921 81.70 52.21 

64.0 34.53 1.31260 6.993 3.933 10.926 81.73 52.31 
64.1 34.58 1.31320 7.007 3.924 10.931 81.77 52.41 
64.2 34.63 1.31381 7.021 3.915 10.936 81.81 52.52 
64.3 34.68 1.31441 7.035 3.906 10.941 81.85 52.63 
64.4 34.74 1.31502 7.049 3.897 10.946 81.88 52.73 

64.5 34.79 1.31563 7.063 3.888 10.951 81.92 52.84 
64.6 34.84 1.31623 7.078 3.878 10.956 81.96 52.94 

64.7 34.89 1.31684 7.092 3.870 10.962 82.00 53.05 
64.8 34.94 1.31745 7.107 3.860 10.967 82.04 53.16 
64.9 34.99 1.31806 7.121 3.851 10.972 82.07 53.26 

65.0 35.04 1.31866 7.135 3.842 10.977 82.11 53.37 

65.1 35.09 1.31927 7.149 3.833 10.982 82.15 53.48 

65.2 35.14 1.31988 7.164 3.823 10.987 82.19 53.59 
65.3 35.19 1.32049 7.178 3.814 10.992 82.23 53.69 
65.4 35.24 1.32110 7.192 3.805 10.997 82.26 53.80 

65.5 35.29 1.32171 7.206 3.796 11.002 82.30 53.91 
65.6 35.34 1.32232 7.221 3.786 11.007 82.34 54.01 
65.7 35.39 1.32293 7.235 3.777 11.012 82.38 54.12 
65.8 35.45 1.32354 7.249 3.768 11.017 82.42 54.23 
65 9 35.50 1.32415 7.263 3.759 11.022 82.45 54.33 

66.0 35.55 1.32476 7.278 3.749 11.027 82.49 54.44 

66.1 35.60 1.32538 7.293 3.740 11.033 82.53 54.55 
66.2 35.65 1.32599 7.307 3.731 11.038 82.57 54.66 
66.3 35.70 1.32660 7.322 3.721 11.043 82.61 54.77 
66.4 35.75 1.32722 7.336 3.712 11.048 82.64 54.88 

66.5 35.80 1.32783 7.350 3.703 11.053 82.68 54.99 

66.6 35.85 1.32844 7.365 3.693 11.058 82.72 55.09 
66.7 35.90 1.32906 7.379 3.684 11.063 82.76 55.20 
66.8 35.95 1.32967 7.393 3.675 11.068 82.80 55.31 
66.9 36.00 1.33029 7.408 3.666 11.074 82.84 55.42 
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TABLE 4 (continued) 

°Brix °Baume Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 f t

3 

at 20°/20°C 

67.0 36.05 1.33090 7.423 3.656 11.079 82.87 55.53 
67.1 36.10 1.33152 7.437 3.647 11.084 82.91 55.64 
67.2 36.15 1.33214 7.452 3.637 11.089 82.95 55.74 
67.3 36.20 1.33275 7.466 3.628 11.094 82.99 55.85 
67.4 36.25 1.33337 7.481 3.618 11.099 83.03 55.96 

67.5 36.30 1.33399 7.496 3.609 11.105 83.07 56.07 
67.6 36.35 1.33460 7.510 3.600 11.110 83.10 56.18 
67.7 36.40 1.33523 7.525 3.590 11.115 83.14 56.29 

67.8 36.45 1.33584 7.539 3.581 11.120 83.18 56.40 
67.9 36.50 1.33646 7.554 3.571 11.125 83.22 56.51 

68.0 36.55 1.33708 7.568 3.562 11.130 83.26 56.62 
68.1 36.61 1.33770 7.583 3.552 11.135 83.30 56.72 
68.2 36.66 1.33832 7.597 3.543 11.140 83.34 56.83 
68.3 36.71 1.33894 7.612 3.533 11.145 83.38 56.95 
68.4 36.76 1.33957 7.627 3.524 11.151 83.41 57.06 

68.5 36.81 1.34019 7.642 3.514 11.156 83.45 57.16 
68.6 36.86 1.34081 7.656 3.505 11.161 83.49 57.27 
68.7 36.91 1.34143 7.672 3.495 11.167 83.53 57.39 
68.8 36.96 1.34205 7.686 3.486 11.172 83.57 57.50 
68.9 37.01 1.34268 7.701 3.476 11.177 83.61 57.61 

69.0 37.06 1.34330 7.716 3.466 11.182 83.65 57.72 
69.1 37.11 1.34392 7.730 3.457 11.187 83.69 57.83 
69.2 37.16 1.34455 7.745 3.447 11.192 83.72 57.94 
69.3 37.21 1.34517 7.760 3.438 11.198 83.76 58.05 
69.4 37.26 1.34580 7.775 3.428 11.203 83.80 58.16 

69.5 37.31 1.34642 7.790 3.418 11.208 83.84 58.27 
69.6 37.36 1.34705 7.805 3.408 11.213 83.88 58.38 
69.7 37.41 1.34768 7.819 3.399 11.218 83.92 58.50 
69.8 37.46 1.34830 7.834 3.390 11.224 83.96 58.61 
69.9 37.51 1.34893 7.849 3.380 11.229 84.00 58.72 

70.0 37.56 1.34956 7.864 3.370 11.234 84.04 58.83 
70.1 37.61 1.35019 7.879 3.360 11.239 84.08 58.94 
70.2 37.66 1.35081 7.894 3.351 11.245 84.12 59.05 
70.3 37.71 1.35144 7.909 3.341 11.250 84.15 59.16 
70.4 37.76 1.35207 7.924 3.331 11.255 84.19 59.27 

70.5 37.81 1.35270 7.938 3.322 11.260 84.23 59.38 
70.6 37.86 1.35333 7.953 3.312 11.265 84.27 59.49 
70.7 37.91 1.35396 7.969 3.302 11.271 84.31 59.61 
70.8 37.96 1.35459 7.983 3.293 11.276 84.35 59.72 
70.9 38.01 1.35522 7.998 3.283 11.281 84.39 59.83 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

71.0 38.06 1.35585 8.013 3.273 11.286 84.43 59.94 
71.1 38.11 1.35648 8.029 3.263 11.292 84.47 60.06 
71.2 38.16 1.35711 8.043 3.254 11.297 84.51 60.17 
71.3 38.21 1.35775 8.059 3.244 11.303 84.55 60.28 
71.4 38.26 1.35838 8.074 3.234 11.308 84.59 60.40 

71.5 38.30 1.35901 8.089 3.224 11.313 84.63 60.51 
71.6 38.35 1.35964 8.104 3.214 11.318 84.67 60.62 
71.7 38.40 1.36028 8.119 3.205 11.324 84.71 60.74 
71.8 38.45 1.36091 8.134 3.195 11.329 84.74 60.85 
71.9 38.50 1.36155 8.149 3.185 11.334 84.78 60.96 

72.0 38.55 1.36218 8.164 3.175 11.339 84.82 61.07 
72.1 38.60 1.36282 8.180 3.165 11.345 84.86 61.18 
72.2 38.65 1.36346 8.195 3.155 11.350 84.90 61.30 
72.3 38.70 1.36409 8.210 3.145 11.355 84.94 61.42 
72.4 38.75 1.36473 8.225 3.135 11.360 84.98 61.53 

72.5 38.80 1.36536 8.240 3.126 11.366 85.02 61.64 
72.6 38.85 1.36600 8.255 3.116 11.371 85.06 61.75 
72.7 38.90 1.36664 8.271 3.106 11.377 85.10 61.86 
72.8 38.95 1.36728 8.286 3.096 11.382 85.14 61.98 
72.9 39.00 1.36792 8.301 3.086 11.387 85.18 62.09 

73.0 39.05 1.36856 8.316 3.076 11.392 85.22 62.21 
73.1 39.10 1.36919 8.332 3.066 11.398 85.26 62.32 
73.2 39.15 1.36983 8.347 3.056 11.403 85.30 62.44 
73.3 39.20 1.37047 8.363 3.046 11.409 85.34 62.56 
73.4 39.25 1.37111 8.378 3.036 11.414 85.38 62.67 

73.5 39.30 1.37176 8.393 3.026 11.419 85.42 62.78 
73.6 39.35 1.37240 8.408 3.016 11.424 85.46 62.90 
73.7 39.39 1.37304 8.424 3.006 11.430 85.50 63.02 
73.8 39.44 1.37368 8.439 2.996 11.435 85.54 63.13 
73.9 39.49 1.37432 8.455 2.986 11.441 85.58 63.24 

74.0 39.54 1.37496 8.470 2.976 11.446 85.62 63.36 
74.1 39.59 1.37561 8.485 2.966 11.451 85.66 63.48 
74.2 39.64 1.37625 8.500 2.956 11.456 85.70 63.59 
74.3 39.69 1.37689 8.516 2.946 11.462 85.74 63.70 
74.4 39.74 1.37754 8.531 2.936 11.467 85.78 63.82 

74.5 39.79 1.37818 8.547 2.926 11.473 85.82 63.94 
74.6 39.84 1.37883 8.563 2.915 11.478 85.86 64.05 
74.7 39.89 1.37947 8.579 2.905 11.484 85.90 64.17 
74.8 39.94 1.38012 8.594 2.895 11.489 85.94 64.29 
74.9 39.99 1.38076 8.609 2.885 11.494 85.98 64.40 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon

 r
t

3
 f t

3 

at 20°/20°C 

75.0 40.03 1.38141 8.624 2.875 11.499 86.02 64.51 
75.1 40.08 1.38206 8.640 2.865 11.505 86.06 64.63 
75.2 40.13 1.38270 8.656 2.854 11.510 86.10 64.75 
75.3 40.18 1.38335 8.672 2.844 11.516 86.14 64.86 
75.4 40.23 1.38400 8.687 2.834 11.521 86.18 64.98 

75.5 40.28 1.38465 8.703 2.824 11.527 86.22 65.10 
75.6 40.33 1.38530 8.718 2.814 11.532 86.26 65.22 
75.7 40.38 1.38595 8.734 2.804 11.538 86.31 65.34 
75.8 40.43 1.38660 8.750 2.793 11.543 86.35 65.45 
75.9 40.48 1.38725 8.766 2.783 11.549 86.39 65.57 

76.0 40.53 1.38790 8.781 2.773 11.554 86.43 65.69 
76.1 40.57 1.38855 8.796 2.763 11.559 86.47 65.80 
76.2 40.62 1.38920 8.812 2.752 11.564 86.51 65.92 
76.3 40.67 1.38985 8.828 2.742 11.570 86.55 66.03 
76.4 40.72 1.39050 8.842 2.733 11.575 86.59 66.15 

76.5 40.77 1.39115 8.859 2.722 11.581 86.63 66.27 
76.6 40.82 1.39180 8.875 2.711 11.586 86.67 66.39 
76.7 40.87 1.39246 8.891 2.701 11.592 86.71 66.51 
76.8 40.92 1.39311 8.907 2.690 11.597 86.75 66.63 
76.9 40.97 1.39376 8.923 2.680 11.603 86.79 66.74 

77.0 41.01 1.39442 8.938 2.670 11.608 86.83 66.86 
77.1 41.06 1.39507 8.954 2.660 11.614 86.87 66.98 
77.2 41.11 1.39573 8.970 2.649 11.619 86.91 67.10 
77.3 41.16 1.39638 8.986 2.639 11.625 86.96 67.22 
77.4 41.21 1.39704 9.002 2.628 11.630 87.00 67.34 

77.5 41.26 1.39769 9.017 2.618 11.635 87.04 67.46 
77.6 41.31 1.39835 9.033 2.608 11.641 87.08 67.58 
77.7 41.36 1.39901 9.050 2.596 11.647 87.12 67.69 
77.8 41.40 1.39966 9.065 2.587 11.652 87.16 67.81 
77.9 41.45 1.40032 9.081 2.577 11.658 87.20 67.93 

78.0 41.50 1.40098 9.096 2.567 11.663 87.24 68.05 
78.1 41.55 1.40164 9.113 2.555 11.668 87.28 68.16 
78.2 41.60 1.40230 9.128 2.545 11.673 87.32 68.28 
78.3 41.65 1.40295 9.145 2.534 11.679 87.37 68.40 
78.4 41.70 1.40361 9.160 2.524 11.684 87.41 68.52 

78.5 41.74 1.40427 9.177 2.513 11.690 87.45 68.64 
78.6 41.79 1.40493 9.192 2.503 11.695 87.49 68.76 
78.7 41.84 1.40559 9.209 2.492 11.701 87.53 68.88 
78.8 41.89 1.40625 9.224 2.482 11.706 87.57 69.00 
78.9 41.94 1.40691 9.240 2.472 11.712 87.61 69.12 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

79.0 41.99 1.40758 9.256 2.461 11.717 87.65 69.24 
79.1 42.03 1.40824 9.273 2.450 11.723 87.69 69.36 
79.2 42.08 1.40890 9.289 2.439 11.728 87.74 69.48 
79.3 42.13 1.40956 9.306 2.428 11.734 87.78 69.61 
79.4 42.18 1.41023 9.322 2.418 11.740 87.82 69.73 

79.5 42.23 1.41089 9.338 2.408 11.746 87.86 69.85 
79.6 42.28 1.41155 9.354 2.397 11.751 87.90 69.97 
79.7 42.32 1.41222 9.370 2.387 11.757 87.94 70.09 
79.8 42.37 1.41288 9.386 2.376 11.762 87.98 70.21 
79.9 42.42 1.41355 9.403 2.365 11.768 88.02 70.33 

80.0 42.47 1.41421 9.418 2.355 11.773 88.07 70.45 
80.1 42.52 1.41488 9.435 2.344 11.779 88.11 70.58 
80.2 42.57 1.41554 9.451 2.333 11.784 88.15 70.70 
80.3 42.61 1.41621 9.467 2.323 11.790 88.19 70.82 
80.4 42.66 1.41688 9.483 2.312 11.795 88.23 70.94 

80.5 42.71 1.41754 9.500 2.301 11.801 88.27 71.06 
80.6 42.76 1.41821 9.516 2.290 11.806 88.32 71.18 
80.7 42.81 1.41888 9.532 2.280 11.812 88.36 71.30 
80.8 42.85 1.41955 9.548 2.269 11.817 88.40 71.43 
80.9 42.90 1.42022 9.565 2.258 11.823 88.44 71.55 

81.0 42.95 1.42088 9.581 2.247 11.828 88.48 71.67 

81.1 43.00 1.42155 9.597 2.237 11.834 88.52 71.79 

81.2 43.05 1.42222 9.613 2.226 11.839 88.57 71.91 
81.3 43.10 1.42289 9.630 2.215 11.845 88.61 72.04 
81.4 43.14 1.42356 9.647 2.204 11.851 88.65 72.16 

81.5 43.19 1.42423 9.663 2.194 11.857 88.69 72.28 
81.6 43.24 1.42490 9.679 2.183 11.862 88.73 72.41 
81.7 43.29 1.42558 9.696 2.172 11.868 88.77 72.53 
81.8 43.33 1.42625 9.712 2.161 11.873 88.82 72.65 
81.9 43.38 1.42692 9.729 2.150 11.879 88.86 72.77 

82.0 43.43 1.42759 9.745 2.139 11.884 88.90 72.90 

82.1 43.48 1.42827 9.762 2.128 11.890 88.94 73.02 
82.2 43.53 1.42894 9.778 2.117 11.895 88.98 73.14 
82.3 43.57 1.42961 9.795 2.106 11.901 89.03 73.27 
82.4 43.62 1.43029 9.811 2.096 11.907 89.07 73.40 

82.5 43.67 1.43096 9.828 2.085 11.913 89.11 73.52 

82.6 43.72 1.43164 9.844 2.074 11.918 89.15 73.64 

82.7 43.77 1.43231 9.861 2.063 11.924 89.19 73.77 

82.8 43.81 1.43298 9.877 2.052 11.929 89.24 73.89 

82.9 43.86 1.43366 9.894 2.041 11.935 89.28 74.01 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

83,0 43.91 1.43434 9.910 2.030 11.940 89.32 74.13 

83.1 43.96 1.43502 9.927 2.013 11.946 89.36 74.26 

83.2 44.00 1.43569 9.944 2.008 11.952 89.41 74.39 

83.3 44.05 1.43637 9.960 1.997 11.957 89.45 74.51 

83.4 44.10 1.43705 9.977 1.986 11.963 89.49 74.63 

83.5 44.15 1.43773 9.993 1.975 11.968 89.53 74.75 

83.6 44.19 1.43841 10.010 1.964 11.974 89.57 74.88 
83.7 44.24 1.43908 10.027 1.953 11.980 89.62 75.01 

83.8 44.29 1.43976 10.044 1.942 11.986 89.66 75.14 

83.9 44.34 1.44044 10.061 1.930 11.991 89.70 75.26 

84.0 44.38 1.44112 10.078 1.919 11.997 89.74 75.39 

84.1 44.43 1.44180 10.095 1.907 12.002 89.79 
84.2 44.48 1.44249 10.111 1.897 12.008 89.83 75.63 
84.3 44.53 1.44317 10.128 1.886 12.014 89.87 75.76 
84.4 44.57 1.44385 10.145 1.875 12.020 89.91 75.89 

84.5 44.62 1.44453 10.161 1.865 12.026 89.96 76.02 
84.6 44.67 1.44521 10.178 1.853 12.031 90.00 76.14 
84.7 44.72 1.44590 10.195 1.842 12.037 90.04 76.26 
84.8 44.76 1.44658 10.212 1.830 12.042 90.08 76.39 
84.9 44.81 1.44726 10.229 1.819 12.048 90.13 76.52 

85.0 44.86 1.44794 10.246 1.808 12.054 90.17 76.65 
85.1 44.91 1.44863 10.262 1.798 12.060 90.21 76.77 
85.2 44.95 1.44931 10.279 1.786 12.065 90.25 76.90 

85.3 45.00 1.45000 10.296 1.775 12.071 90.30 77.03 

85.4 45.05 1.45068 10.314 1.763 12.077 90.34 77.15 

85.5 45.09 1.45137 10.330 1.752 12.082 90.38 77.27 

85.6 45.14 1.45205 10.347 1.741 12.088 90.42 77.40 
85.7 45.19 1.45274 10.364 1.730 12.094 90.47 77.53 
85.8 45.24 1.45343 10.381 1.718 12.099 90.51 77.66 
85.9 45.28 1.45411 10.398 1.707 12.105 90.55 77.78 

86.0 45.33 1.45223 10.415 1.696 12.111 90.60 77.91 
86.1 45.38 1.45549 10.432 1.685 12.117 90.64 78.04 
86.2 45.42 1.45618 10.449 1.673 12.122 90.68 78.17 
86.3 45.47 1.45686 10.467 1.661 12.128 90.73 78.30 
86.4 45.52 1.45755 10.484 1.650 12.134 90.77 78.42 

86.5 45.57 1.45824 10.501 1.639 12.140 90.81 78.55 
86.6 45.61 1.45893 10.518 1.627 12.145 90.85 78.68 
86.7 45.66 1.45962 10.535 1.616 12.151 90.90 78.81 
86.8 45.71 1.46031 10.552 1.605 12.157 90.94 78.94 
86.9 45.75 1.46100 10.569 1.594 12.163 90.98 79.06 
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TABLE 4 (continued) 

'Brix °Baume Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

87.0 45.80 1.46170 10.586 1.582 12.168 91.03 79.19 
87.1 45.85 1.46239 10.603 1.571 12.174 91.07 79.32 
87.2 45.89 1.46308 10.621 1.559 12.180 91.11 79.45 
87.3 45.94 1.46377 10.638 1.548 12.186 91.16 79.58 
87.4 45.99 1.46446 10.655 1.536 12.191 91.20 79.70 

87.5 46.03 1.46516 10.673 1.524 12.197 91.24 79.84 
87.6 46.08 1.46585 10.690 1.513 12.203 91.28 79.97 
87.7 46.13 1.46654 10.708 1.501 12.209 91.33 80.10 
87.8 46.17 1.46724 10.725 1.490 12.215 91.37 80.23 
87.9 46.22 1.46793 10.742 1.478 12.220 91.41 80.35 

88.0 46.27 1.46862 10.759 1.467 12.226 91.46 80.48 
88.1 46.31 1.46932 10.776 1.456 12.232 91.50 80.61 
88.2 46.36 1.47002 10.794 1.444 12.238 91.54 80.74 
88.3 46.41 1.47071 10.812 1.431 12.243 91.59 80.88 
88.4 46.45 1.47141 10.829 1.420 12.249 91.63 81.01 

88.5 46.50 1.47210 10.846 1.409 12.255 91.67 81.13 
88.6 46.55 1.47280 10.863 1.398 12.261 91.72 81.26 
88.7 46.59 1.47350 10.881 1.386 12.267 91.76 81.40 
88.8 46.64 1.47420 10.898 1.375 12.273 91.80 81.53 
88.9 46.69 1.47489 10.916 1.362 12.278 91.85 81.66 

89.0 46.73 1.47559 10.933 1.351 12.284 91.89 81.78 
89.1 46.78 1.47629 10.951 1.339 12.290 91.94 81.92 
89.2 46.83 1.47699 10.968 1.328 12.296 91.98 82.05 
89.3 46.87 1.47769 10.984 1.318 12.302 92.02 82.17 
89.4 46.92 1.47839 11.000 1.307 12.307 92.07 82.30 

89.5 46.97 1.47909 11.019 1.294 12.313 92.11 82.44 
89.6 47.01 1.47979 11.038 1.281 12.319 92.15 82.57 
89.7 47.06 1.48049 11.056 1.269 12.325 92.20 82.70 
89.8 47.11 1.48119 11.073 1.258 12.331 92.24 82.83 
89.9 47.15 1.48189 11.090 1.247 12.337 92.28 82.96 

90.0 47.20 1.48259 11.108 1.234 12.342 92.33 83.09 
90.1 47.24 1.48330 11.125 1.223 12.348 92.37 83.22 
90.2 47.29 1.48458 11.143 1.211 12.354 92.42 83.36 
90.3 47.34 1.48529 11.161 1.199 12.360 92.46 83.49 
90.4 47.38 1.48540 11.179 1.187 12.366 92.50 83.62 

90.5 47.43 1.48611 11.197 1.175 12.372 92.55 83.76 
90.6 47.48 1.48681 11.214 1.164 12.378 92.59 83.89 
90.7 47.52 1.48752 11.232 1.151 12.383 92.64 84.02 
90.8 47.57 1.48822 11.249 1.140 12.389 92.68 84.15 
90.9 47.61 1.48893 11.267 1.128 12.395 92.72 84.28 
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TABLE 4 (continued) 

°Brix °Baume Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3
 ft

3 

at 20°/20°C 

91.0 47.66 1.48963 11.285 1.116 12.401 92.77 84.42 
91.1 47.71 1.49034 11.303 1.104 12.407 92.81 84.55 
91.2 47.75 1.49104 11.321 1.092 12.413 92.86 84.69 
91.3 47.80 1.49175 11.338 1.081 12.419 92.90 84.82 
91.4 47.84 1.49246 11.356 1.069 12.425 92.94 84.95 

91.5 47.89 1.49316 11.374 1.057 12.431 92.99 85.09 
91.6 47.94 1.49387 11.392 1.045 12.437 93.03 85.22 
91.7 47.98 1.49458 11.410 1.032 12.442 93.08 85.35 
91.8 48.03 1.49529 11.427 1.021 12.448 93.12 85.48 
91.9 48.08 1.49600 11.445 1.009 12.454 93.16 85.61 

92.0 48.12 1.49671 11.463 0.997 12.460 93.21 85.75 
92.1 48.17 1.49741 11.481 0.985 12.466 93.25 85.88 
92.2 48.21 1.49812 11.499 0.973 12.472 93.30 86.02 
92.3 48.26 1.49883 11.517 0.961 12.478 93.34 86.15 
92.4 48.30 1.49954 11.535 0.949 12.484 93.39 86.29 

92.5 48.35 1.50026 11.553 0.937 12.490 93.43 86.43 
92.6 48.40 1.50097 11.571 0.925 12.496 93.47 86.56 
92.7 48.44 1.50168 11.589 0.913 12.502 93.52 86.69 
92.8 48.49 1.50239 11.607 0.900 12.507 93.56 86.82 
92.9 48.53 1.50310 11.625 0.888 12.513 93.61 86.96 

93.0 48.58 1.50381 11.643 0.876 12.519 93.65 87.09 
93.1 48.62 1.50453 11.661 0.864 12.525 93.70 87.23 
93.2 48.67 1.50524 11.679 0.852 12.531 93.74 87.36 
93.3 48.72 1.50595 11.697 0.840 12.537 93.78 87.50 
93.4 48.76 1.50667 11.715 0.828 12.543 93.83 87.64 

93.5 48.81 1.50738 11.732 0.817 12.549 93.87 87.77 
93.6 48.85 1.50810 11.750 0.805 12.555 93.92 87.91 
93.7 48.90 1.50881 11.769 0.792 12.561 93.96 88.04 
93.8 48.94 1.50952 11.788 0.779 12.567 94.01 88.18 
93.9 48.99 1.51024 11.806 0.767 12.573 94.05 88.32 

94.0 49.03 1.51096 11.824 0.755 12.579 94.10 88.45 
94.1 49.08 1.51167 11.842 0.743 12.585 94.14 88.58 
94.2 49.12 1.51239 11.861 0.730 12.591 94.19 88.72 
94.3 49.17 1.51311 11.878 0.719 12.597 94.23 88.86 
94.4 49.22 1.51382 11.895 0.708 12.603 94.28 89.00 

94.5 49.26 1.51454 11.915 0.694 12.609 94.32 89.13 
94.6 49.31 1.51526 11.934 0.681 12.615 94.36 89.27 
94.7 49.35 1.51598 11.953 0.668 12.621 94.41 89.41 
94.8 49.40 1.51670 11.971 0.656 12.627 94.45 89.55 
94.9 49.44 1.51742 11.989 0.644 12.633 94.50 89.69 
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TABLE 4 (continued) 

°Brix °Baumé Specific Solids/ Water/ Total wt./ Wt./ Solids/ 
gravity gallon gallon gallon ft

3 
ft

3 

at 20°/20°C 

95.0 49.49 1.51814 12.007 0.632 12.639 94.54 89.82 
95.1 49.54 1.51885 12.025 0.620 12.645 94.59 89.96 
95.2 49.58 1.51957 12.042 0.609 12.651 94.63 90.10 
95.3 49.63 1.52029 12.060 0.597 12.657 94.68 90.24 
95.4 49.67 1.52101 12.078 0.585 12.663 94.72 90.37 

95.5 49.72 1.52173 12.097 0.572 12.669 94.77 90.51 
95.6 49.76 1.52245 12.115 0.560 12.675 94.81 90.64 
95.7 49.80 1.52317 12.133 0.548 12.681 94.86 90.78 
95.8 49.85 1.52388 12.151 0.536 12.687 94.90 90.92 
95.9 49.90 1.52460 12.169 0.524 12.693 94.95 91.06 

96.0 49.94 1.52536 12.187 0.512 12.699 94.99 91.19 
96.1 49.99 1.52608 12.205 0.500 12.705 95.04 91.33 
96.2 50.03 1.52680 12.222 0.489 12.711 95.09 91.46 
96.3 50.07 1.52752 12.240 0.477 12.717 95.13 91.60 
96.4 50.12 1.52825 12.258 0.465 12.723 95.18 91.73 

96.5 50.17 1.52897 12.276 0.453 12.729 95.22 91.86 
96.6 50.21 1.52969 12.293 0.442 12.735 95.27 92.00 
96.7 50.26 1.53042 12.311 0.430 12.741 95.32 92.14 
96.8 50.30 1.53114 12.328 0.419 12.747 95.36 92.28 
96.9 50.35 1.53187 12.347 0.406 12.753 95.40 92.42 

97.0 50.39 1.53260 12.366 0.393 12.759 95.45 92.56 
97.1 50.43 1.53333 12.383 0.382 12.765 95.49 92.70 
97.2 50.48 1.53405 12.401 0.370 12.771 95.54 92.83 
97.3 50.52 1.53478 12.418 0.359 12.777 95.58 92.97 
97.4 50.57 1.53550 12.436 0.347 12.783 95.63 93.11 

97.5 50.61 1.53623 12.453 0.336 12.789 95.67 93.24 
97.6 50.66 1.53696 12.471 0.324 12.795 95.72 93.37 
97.7 50.70 1.53769 12.488 0.313 12.801 95.76 93.51 
97.8 50.75 1.53841 12.506 0.301 12.807 95.81 93.65 
97.9 50.79 1.53914 12.523 0.290 12.813 95.85 93.79 

98.0 50.84 1.53989 12.541 0.278 12.819 95.90 93.93 
98.1 50.88 1.54062 12.558 0.267 12.825 95.94 94.06 
98.2 50.93 1.54135 12.576 0.255 12.831 95.99 94.20 
98.3 50.97 1.54208 12.593 0.244 12.837 96.03 94.33 
98.4 51.02 1.54281 12.611 0.231 12.842 96.08 94.47 

98.5 51.06 1.54354 12.628 0.220 12.848 96.12 94.60 
98.6 51.10 1.54427 12.645 0.209 12.854 96.16 94.74 
98.7 51.15 1.54500 12.663 0.197 12.860 96.21 94.88 
98.8 51.19 1.54573 12.680 0.186 12.866 96.25 95.02 
98.9 51.24 1.54646 12.698 0.173 12.871 96.30 95.16 

99.0 51.28 1.54720 12.715 0.162 12.877 96.34 95.30 
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TABLE 5 

PROPERTIES OF SATURATED STEAM* 

Absolute Pressure Vacuum Tempera- Heat of Latent Total heat Specific 
(lb in" 

2
) (inHg) (inHg) ture liquid heat of of steam volume 

(°F) evapora-
tion 

(BTU lb 

_ 1
) (BTU lb" 

l
) (BTU lb"

1
) (ft

3
 lb"

1
) 

Ρ t 
h
fg 

v
g 

0.20 0.41 29.51 53.14 21.21 1063.8 1085.0 1526.0 
0.25 0.51 29.41 59.30 27.36 1060.3 1087.7 1235.3 
0.30 0.61 29.31 64.47 32.52 1057.4 1090.0 1039.5 
0.35 0.71 29.21 68.93 36.97 1054.9 1091.9 898.5 
0.40 0.81 29.11 72.86 40.89 1052.7 1093.6 791.9 
0.45 0.92 29.00 76.38 44.41 1050.7 1095.1 708.5 

0.50 1.02 28.90 79.58 47.60 1048.8 1096.4 641.4 
0.60 1.22 28.70 85.21 53.21 1045.7 1098.9 540.0 
0.70 1.43 28.49 90.08 58.07 1042.9 1101.0 466.9 
0.80 1.63 28.29 94.38 62.36 1040.4 1102.8 411.7 
0.90 1.83 28.09 98.24 66.21 1038.3 1104.5 368.4 

1.0 2.04 27.88 101.74 69.70 1036.3 1106.0 333.6 
1.2 2.44 27.48 107.92 75.87 1032.7 1108.6 280.9 
1.4 2.85 27.07 113.26 81.20 1029.6 1110.8 243.0 
1.6 3.26 26.66 117.99 85.91 1026.9 1112.8 214.3 
1.8 3.66 26.26 122.23 90.14 1024.5 1114.6 191.8 

2.0 4.07 25.85 126.08 93.99 1022.2 1116.2 173.73 
2.2 4.48 25.44 129.62 97.52 1020.2 1117.7 158.85 
2.4 4.89 25.03 132.89 100.79 1018.3 1119.1 146.38 
2.6 5.29 24.63 135.94 103.83 1016.5 1120.3 135.78 
2.8 5.70 24.22 138.79 106.68 1014.8 1121.5 126.65 

3.0 6.11 23.81 141.48 109.37 1013.2 1122.6 118.71 
3.5 7.13 22.79 147.57 115.46 1009.6 1125.1 102.72 
4.0 8.14 21.78 152.97 120.86 1006.4 1127.3 90.63 
4.5 9.16 20.76 157.83 125.71 1003.6 1129.3 81.16 
5.0 10.18 19.74 162.24 130.13 1001.0 1131.1 73.52 

5.5 11.20 18.72 166.30 134.19 998.5 1132.7 67.24 
6.0 12.22 17.70 170.06 137.96 996.2 1134.2 61.98 
6.5 13.23 16.69 173.56 141.47 994.1 1135.6 57.50 
7.0 14.25 15.67 176.85 •144.76 992.1 1136.9 53.64 
7.5 15.27 14.65 179.94 147.86 990.2 1138.1 50.29 

•Abstracted from Thermodynamic Properties of Steam by J.H. Keenan and F.G. Keyes, 1936, by 
permission of the publishers, John Wiley and Sons, New York, NY, U.S.A. 
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TABLE S (continued) 

Absolute Pressure Vacuum Tempera- Heat of Latent Total heat Specific 
(lb in"

2
) (in Hg) (in Hg) ture liquid heat of of steam volume 

(°F) evapora-
tion 

(BTU l b

1
) (BTU lb " *) (BTU lb"

1
) (ft

3
 lb"

1
) 

Ρ t hf 
h
fg 

h
i 

v
g 

8.0 16.29 13.63 182.86 150.79 988.5 1139.3 47.34 
8.5 17.31 12.61 185.64 153.57 986.8 1140.4 44.73 
9.0 18.32 11.60 188.28 156.22 985.2 1141.4 42.40 
9.5 19.34 10.58 190.80 158.75 983.6 1142.3 40.31 

10.0 20.36 9.56 193.21 161.17 982.1 1143.3 38.42 

11.0 22.40 7.52 197.75 165.73 979.3 1145.0 35.14 
12.0 24.43 5.49 201.96 169.96 976.6 1146.6 32.40 
13.0 26.47 3.45 205.88 173.91 974.2 1148.1 30.06 
14.0 28.50 1.42 209.56 177.61 971.9 1149.5 28.04 

Pressure (lb in"

2
) Tempera- Heat of Latent Total heat Specific 

ture the liquid heat of of steam volume 
Absolute Gauge (°F) evapora-

tion 
(BTU lb"

1
) (BTU lb"

1 l
) (BTU lb"

1
) (ft

3
 lb"

1
) 

Ρ Ρ t hf 
h
fg h 

14.696 0.0 212.00 180.07 970.3 1150.4 26.80 
15.0 0.3 213.03 181.11 969.7 1150.8 26.29 
16.0 1.3 216.32 184.42 967.6 1152.0 24.75 
17.0 2.3 219.14 187.56 965.5 1153.1 23.39 
18.0 3.3 222.41 190.56 963.6 1154.2 22.17 
19.0 4.3 225.24 193.42 961.9 1155.3 21.08 

20.0 5.3 227.96 196.16 960.1 1156.3 20.089 
21.0 6.3 230.57 198.79 958.4 1157.2 19.192 
22.0 7.3 233.07 201.33 956.8 1158.1 18.375 
23.0 8.3 235.49 203.78 955.2 1159.0 17.627 
24.0 9.3 237.82 206.14 953.7 1159.8 16.938 

25.0 10.3 240.07 208.42 952.1 1160.6 16.303 
26.0 11.3 242.25 210.62 950.7 1161.3 15.715 
27.0 12.3 244.36 212.75 949.3 1162.0 15.170 
28.0 13.3 246.41 214.83 947.9 1162.7 14.663 
29.0 14.3 248.40 216.86 946.5 1163.4 14.189 

30.0 15.3 250.33 218.82 945.3 1164.1 13.746 
31.0 16.3 252.22 220.73 944.0 1164.7 13.330 
32.0 17.3 254.05 222.59 942.8 1165.4 12.940 
33.0 18.3 255.84 224.41 941.6 1166.0 12.572 
34.0 19.3 257.58 226.18 940.3 1166.5 12.226 
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TABLE 6 

0 11.58 
5 11.70 

10 11.83 
15 11.96 
20 12.08 

25 12.21 
30 12.34 
32 12.39 
35 12.47 
40 12.59 

45 12.72 
50 12.84 
55 12.97 
60 13.10 
65 13.22 

70 13.35 
75 13.48 
80 13.60 
85 13.75 
90 13.86 
95 13.98 

100 14.11 
105 14.24 
110 14.36 
115 14.49 
120 14.62 

125 14.75 
130 14.88 
135 15.00 
140 15.13 

800 31.75 
825 32.38 
850 33.02 
875 33.65 
900 34.28 

925 34.91 
950 35.54 
975 36.17 

1000 36.80 
1025 37.43 

1050 38.06 
1075 38.69 

0.0863 0.868 
0.0854 0.877 
0.0845 0.887 
0.0836 0.896 
0.0827 0.906 

0.0819 0.915 
0.0810 0.925 
0.0807 0.928 
0.0802 0.934 
0.0794 0.943 

0.0786 0.953 
0.0779 0.962 
0.0771 0.972 
0.0763 0.981 
0.0756 0.991 

0.0749 1.000 
0.0742 1.010 
0.0735 1.019 
0.0728 1.028 
0.0723 1.038 
0.0715 1.047 

0.0709 1.057 
0.0702 1.066 
0.0696 1.076 
0.0690 1.085 
0.0684 1.095 

0.0678 1.104 
0.0672 1.113 
0.0667 1.123 
0.0661 1.132 

0.0315 2.376 
0.0309 2.426 
0.0303 2.475 
0.0297 2.521 
0.0292 2.567 

0.0286 2.615 
0.0281 2.661 
0.0276 2.710 
0.0272 2.756 
0.0267 2.805 

0.0263 2.855 
0.0258 2.900 

145 15.26 

150 15.39 
155 15.52 
160 15.64 
165 15.77 
170 15.90 

175 16.03 
180 16.16 
185 16.28 
190 16.41 
195 16.54 
200 16.67 

205 16.77 
210 16.85 
212 16.90 
220 17.10 
230 17.35 

235 17.48 
240 17.63 
250 17.88 
260 18.13 
270 18.39 

280 18.64 
290 18.89 
300 19.14 
310 19.35 
320 19.65 

330 19.85 
340 20.15 

1100 39.32 
1125 39.95 
1150 40.58 
1175 41.21 

1200 41.84 
1225 42.47 
1250 43.70 
1275 43.73 
1300 44.36 

1325 44.99 
1350 45.62 
1375 46.25 

0.0655 1.142 

0.0650 1.151 
0.0644 1.161 
0.0639 1.170 
0.0634 1.180 
0.0629 1.189 

0.0624 1.201 
0.0619 1.208 
0.0614 1.220 
0.0609 1.227 
0.0605 1.240 
0.0600 1.246 

0.0596 1.250 
0.0593 1.261 
0.0592 1.265 
0.0588 1.283 
0.0576 1.298 

0.0573 1.308 
0.0567 1.321 
0.0559 1.339 
0.0551 1.359 
0.0544 1.375 

0.0536 1.397 
0.0529 1.412 
0.0522 1.435 
0.0516 1.450 
0.0509 1.472 

0.0504 1.487 
0.0496 1.509 

0.0254 2.945 
0.0250 2.995 
0.0246 3.041 
0.0243 3.085 

0.0239 3.134 
0.0235 3.180 
0.0232 3.230 
0.0228 3.280 
0.0225 3.320 

0.0222 3.370 
0.0219 3.420 
0.0216 3.465 

350 20.35 
360 20.66 
370 20.85 
380 21.16 

390 21.35 
400 21.67 
410 21.85 
420 22.17 
430 22.35 

440 22.67 
450 22.84 
460 23.18 
470 23.35 
480 23.58 

490 23.83 
495 23.96 
500 24.19 
520 24.69 
540 25.20 

560 25.70 
580 26.21 
600 26.71 
620 27.22 
640 27.72 
660 28.22 

680 28.73 
700 29.23 
725 29.86 
750 30.49 
775 31.12 

1400 46.87 
1425 47.52 

1450 48.15 
1475 48.78 
1500 49.41 
1525 49.73 
1550 50.37 

1575 51.43 
1600 51.93 
1625 52.20 
1650 53.19 
1675 53.82 
1700 54.45 

0.0491 1.520 
0.0484 1.559 
0.0480 1.562 
0.0473 1.583 

0.0468 1.600 
0.0462 1.623 
0.0457 1.636 
0.0451 1.660 
0.0448 1.674 

0.0441 1.700 
0.0438 1.718 
0.0431 1.736 
0.0428 1.750 
0.0422 1.766 

0.0419 1.786 
0.0417 1.794 
0.0413 1.811 
0.0405 1.849 
0.0397 1.886 

0.0389 1.925 
0.0382 1.966 
0.0374 2.001 
0.0367 2.021 
0.0361 2.075 
0.0354 2.115 

0.0348 2.155 
0.0342 2.190 
0.0335 2.235 
0.0328 2.281 
0.0321 2.331 

0.0213 3.510 
0.0210 3.570 

0.0208 3.600 
0.0205 3.650 
0.0202 3.710 
0.0200 3.730 
0.0197 3.790 

0.0195 3.850 
0.0193 3.900 
0.0190 3.910 
0.0188 3.980 
0.0186 4.040 
0.0184 4.080 

PROPERTIES OF DRY AIR AT ATMOSPHERIC PRESSURE (14.69 lb in"

2
) 
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TABLE 8 

PROPERTIES OF SATURATED STEAM* 

Gauge BTU/lb above 32°F 
pressure Temp. °F Temp. °C Liquid heat Latent heat Total heat ft

3
 lb"

1 

(lb in"

2
) 

Ga. f <°F) t(°C) h L H 

0 212 100 180 970.4 1150.4 26.79 
1 215.3 101.9 183.1 968.4 1151.5 25.35 
2 218.5 103.6 186.6 966.2 1152.8 23.80 
3 221.5 105.2 190.1 963.9 1154 22.34 
4 224.4 106.8 192.5 962.4 1154.9 21.36 

5 227.1 108.4 195.2 960.7 1155.8 20.44 
6 229.8 109.9 198.0 958.8 1156.8 19.45 
7 232.3 111.3 200.2 957.4 1157.6 18.72 
8 234.8 112.7 203 955.6 1158.6 17.85 
9 237.1 114 205.3 954.1 1159.4 17.17 

10 239.4 115.2 207.7 952.5 1160.2 16.49 
15 249.7 120.8 218.5 945.3 1163.8 13.82 
20 258.8 126 227.6 939.1 1166.7 11.95 
25 266.8 130.4 235.8 933.5 1169.3 10.54 
30 274.1 134.5 242.9 928.6 1171.5 9.46 
35 280.7 138 250.1 923.5 1173.6 8.51 
40 286.7 141.5 256.2 919.1 1175.3 7.79 
45 292.4 144.7 261.3 915.4 1176.8 7.24 
50 297.7 147.6 267.4 911 1178.4 6.65 
60 307.3 152.9 276.8 904.2 1181 5.86 

70 316 157.8 286.1 897.2 1183.3 5.19 
80 323.9 162.2 294.3 891 1185.3 4.66 
90 331.2 166.2 301.6 885.5 1187.1 4.25 

100 337.9 169.9 308.9 879.9 1188.8 3.88 
110 344.2 173.4 315.1 875.1 1190.2 3.60 

120 350.1 176.7 321.4 870.1 1191.5 3.34 
130 355.7 179.8 327.6 865.2 1192.8 3.10 
140 360.9 182.7 332.9 861 1193.9 2.92 
150 365.9 186.1 338.2 856.8 1195 2.75 

* By permission of Link-Belt Co., from book 2511. 
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TABLE 9 

The following table gives the temperature of saturated water vapor in degrees Centigrade and degrees 
Fahrenheit corresponding to gauge pressure in pounds per square inch from 0 to 101. Zero gauge 
pressure corresponds to an absolute pressure of 14.696 lb i n

- 2
. 

Gauge Temp. Temp. Gauge Temp. Temp. Gauge Temp. Temp. 
pressure (°F) (°C) pressure (°F) (°C) pressure (°F) (°C) 
(lb in'

2
) (lb in"

2
) (lb in"

2
) 

0 212.0 100.0 34 279.3 137.4 68 314.2 156.8 
1 215.4 101.9 35 280.6 138.1 69 315.1 157.3 

2 218.5 103.6 36 281.8 138.8 70 316.0 157.8 
3 221.5 105.3 37 283.1 139.5 71 316.8 158.2 
4 224.4 106.9 38 284.4 140.2 72 317.7 158.7 
5 227.1 108.4 39 285.6 140.9 73 318.4 159.1 
6 229.6 109.8 40 286.7 141.5 74 319.3 159.6 
7 232.3 111.3 41 288.0 142.2 75 320.0 160.0 
8 234.7 112.6 42 289.0 142.8 76 320.9 160.5 
9 237.0 113.9 43 290.1 143.4 77 321.6 160.9 

10 239.4 115.2 44 291.2 144.0 78 322.3 161.3 

11 241.5 116.4 45 292.3 144.6 79 323.1 161.7 

12 243.7 117.6 46 293.5 145.3 80 323.8 162.1 
13 245.8 118.8 47 294.4 145.8 81 324.7 162.6 
14 247.8 119.9 48 295.5 146.4 82 325.4 163.0 
15 249.8 121.0 49 296.6 147.0 83 326.1 163.4 
16 251.6 122.0 50 297.7 147.6 84 326.8 163.8 
17 253.4 123.0 51 298.6 148.1 85 327.6 164.2 
18 255.4 124.1 52 299.7 148.7 86 328.3 164.6 
19 257.0 125.0 53 300.7 149.3 87 329.0 165.0 
20 258.8 126.0 54 301.6 149.8 88 329.7 165.4 
21 260.4 126.9 55 302.5 150.3 89 330.4 165.8 
22 262.0 127.8 56 303.6 150.9 90 331.2 166.2 
23 263.7 128.7 57 304.5 151.4 91 331.9 166.6 
24 265.3 129.6 58 305.4 151.9 92 332.6 167.0 
25 266.7 130.4 59 306.3 152.4 93 333.1 167.3 
26 268.3 131.3 60 307.4 153.0 94 333.9 167.7 
27 269.8 132.1 61 308.3 153.5 95 334.6 168.1 
28 271.2 132.9 62 309.2 154.0 96 335.1 168.4 
29 272.7 133.7 63 309.9 154.4 97 335.8 168.8 
30 274.1 134.5 64 310.8 154.9 98 336.6 169.2 

31 275.4 135.2 65 311.7 155.4 99 337.3 169.6 
32 276.8 136.0 66 312.6 155.9 100 337.8 169.9 
33 278.1 136.7 67 313.5 156.4 101 338.5 170.3 

TEMPERATURE OF SATURATED STEAM 
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TABLE 10 

Temperature Pressure Temperature Pressure 
(mm Hg) (mm Hg) 

(°F) (°C) (°F) (°C) 

32.0 0 4.6 77.0 25 23.6 
41.0 5 6.5 78.8 26 25.1 
46.4 8 8.0 80.6 27 26.5 
48.2 9 8.6 82.4 28 28.1 
50.0 10 9.2 84.2 29 29.8 
51.8 11 9.8 86.0 30 31.5 
53.6 12 10.5 87.8 31 33.4 
55.4 13 11.2 89.6 32 35.4 
57.2 14 11.9 91.4 33 37.4 
59.0 15 12.7 93.2 34 39.6 
60.8 16 13.6 95.0 35 41.8 
62.6 17 14.5 104.0 40 55.0 
64.4 18 15.4 122.0 50 92.2 
66.2 19 16.3 140.0 60 149.2 
68.0 20 17.4 158.0 70 233.8 
69.8 21 18.5 176.0 80 355.5 
71.6 22 19.7 194.0 90 526.0 
73.4 23 20.9 212.0 100 760.0 
75.2 24 22.2 302.0 150 3581.0 

VAPOR PRESSURE OF WATER 
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TABLE 11 

Purity of syrup or massecuite 

Total 100 90 80 70 65 50 45 35 
solids Elevation in boiling point (°C) 

92 20.5 22 23 24 25 26 27 29 
90 19 20 21 22.5 23 24.5 26 27 
85 13 14 14.5 15.5 16.5 17.5 18.5 19.5 
80 9 10 10.5 11 12 12.5 13.5 14 
75 6.5 7 7.5 8 9 9.5 10 10.5 
70 5 5.5 6 6.5 7 7.5 8 8 
65 4 4 4.5 5 5.5 5.5 6 6.5 
60 3 3 3.5 4 4 4.5 5 5 
55 2 2.5 3 3 3 3.5 4 4 
50 2 2 2 2.5 2.5 3 3 3.5 
40 1 1 1.5 1.5 2 2 2 2.5 
30 0.5 1 1 1 1 1 1.5 1.5 

Boiling point of water under vacuum 

Vacuum Temperature Vacuum Temperature 

(inHg) (mm Hg) (°C) (°F) (in Hg) (mm Hg) (°C) (°F) 

23.62 600 61.5 142.7 25.79 655 52.6 126.7 
23.82 605 60.8 141.4 25.98 660 51.6 124.9 
24.02 610 60.1 140.2 26.18 665 50.5 122.9 
24.21 615 59.3 138.7 26.38 670 49.5 121.1 
24.41 620 58.6 137.5 26.58 675 48.3 118.9 
24.61 625 57.8 136.1 26.77 680 47.1 116.8 
24.80 630 57.0 134.6 26.97 685 45.8 114.5 
25.00 635 56.2 133.2 27.17 690 44.5 112.1 
25.20 640 55.3 131.5 27.36 695 43.1 109.6 
25.39 645 54.5 130.1 27.56 700 41.5 106.7 
25.59 650 53.5 128.3 

(Courtesy Hawaiian Sugar Technologists) 
*By permission of the publishers, John Wiley and Sons, New York, NY (from "Cane Sugar Hand-
book", by Spencer and Meade). 

BOILING POINT ELEVATION (OR RISE - BPR) FOR CANE PRODUCTS 
(at 760 mm Hg pressure)* 
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TABLE 12* 

AVAILABLE SUGAR TABLE** 

Values of the factor 1 . 4 
40 

Coefficient purity 
X 100, for coefficients of purity ranging from 77 to 93 

advancing by tenths. 

Purity 
coeffi-
cient 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

77 88.05 88.12 88.19 88.25 88.32 88.39 88.45 88.52 88.59 88.65 
78 88.72 88.78 88.85 88.92 88.98 89.04 89.11 89.18 89.24 89.31 
79 89.37 89.43 89.50 89.56 89.63 89.69 89.75 89.81 89.88 89.94 
80 90.00 90.07 90.13 90.19 90.25 90.32 90.38 90.44 90.50 90.56 
81 90.62 90.68 90.74 90.80 90.86 90.92 90.98 91.04 91.10 91.16 
82 91.22 91.28 91.34 91.39 91.45 91.51 91.57 91.63 91.69 91.75 
83 91.81 91.87 91.93 91.99 92.04 92.10 92.15 92.21 92.27 92.32 
84 92.38 92.44 92.50 92.55 92.61 92.67 92.72 92.78 92.84 92.89 
85 92.94 93.00 93.06 93.11 93.16 93.22 93.28 93.33 93.38 93.43 
86 93.49 93.54 93.59 93.64 93.70 93.75 93.80 93.85. 93.91 93.97 
87 94.02 94.07 94.12 94.18 94.23 94.28 94.34 94.39 94.44 94.49 
88 94.55 94.60 94.65 94.70 94.76 94.81 94.86 94.91 94.95 95.01 
89 95.06 95.11 95.16 95.21 95.26 95.31 95.36 95.41 95.46 95.51 
90 95.56 95.61 95.65 95.70 95.75 95.80 95.85 95.90 95.95 96.00 
91 96.04 96.09 96.14 96.18 96.23 96.28 96.33 96.37 96.42 96.47 
92 96.52 96.57 96.62 96.67 96.71 96.75 96.80 96.85 96.90 96.95 
93 96.99 97.04 97.08 97.13 97.17 97.22 97.27 97.31 97.35 97.40 

*By permission of the publishers, John Wiley and Sons, New York, NY (from "Cane Sugar Hand-
book", by Spencer and Meade). 
**H.C. Prinsen Geerligs, Methods of Chemical Control. Numbers of this table divided by 0.96 = 96° 
Pol. sugar. 
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APPENDIX III 

Glossary 

Affination Process of mechanical purification of raw sugar by mixing it 
with syrup to form a magma, then spinning off the magma and washing 
the sugar in a centrifugal with water. 

Affination magma Magma produced by mixing crystals with syrup mechan-
ically. 

Affined sugar Raw sugar mingled with green syrup in a mingler, then washed 
in a centrifugal with water. Crystals of raw sugar with maximum of molas-
ses film removed. 

Alkalinity pH > 7.0. 
Amorphous sugar Sugar manufactured in Brazil. In the production process 

the completely decolorized sugar liquor is evaporated in an open kettle at 
165°C (330°F). It is then discharged into a flat pan in which there is a 
moving arm. By rapid cooling the mass loses the remaining water, and 
forms an almost dry mass which is discharged onto vibrating screens where 
lumps are separated from the amorphous sugar and are returned to the 
process. 

Apparent purity Direct Polarization divided by °Brix X 100. 
Areado sugar Sugar liquor evaporated in a vacuum pan, but not allowed to 

crystallize. This mass is dropped into a vacuum crystallizer and cooled. 
No liquid phase remains. The mass is screened on vibrating screens and 
lumps are returned to the process. 

Ash The solid residue which remains after incineration in the presence of 
oxygen. 

Bagacillo Screenings of bagasse. 
Bagasse Fibrous part of cane, left after juice has been extracted. 
Barometric leg Column of pipe beneath a condenser operating at less than 

atmospheric pressure, permitting the removal by gravity of condensate 
from condenser. 

Beet flume Concrete-lined ditch or metal trough used to transport beets 
hydraulically. 

Blow-up tank A round tank with heating coils at the bottom, and swiping 
arms driven through a gear system or by belt. P2Os and milk of lime are 
added to the sugar liquor in this tank and are heated. 

BOD Biological oxygen demand. 
Boiling system Any of the different methods of crystallization of sugar in a 

vacuum pan. 
Bottler's sugar Sugar meeting the standards of the National Soft Drink Asso-

ciation. Can be either granulated or liquid sugar. 
ΒΡΕ (or BPR) Boiling point elevation (or boiling point rise). 
Brix Percent dry substance by hydrometer, using instrument (Brix hydrom-

eter) or table calibrated in terms of percent sucrose by weight in water 
solution; can also be determined by refractometer. 
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Brown sugar Marketable product consisting of fine sugar crystals lightly 
coated with a yellowish or brown syrup that contains a relatively high 
percentage of invert sugar, which keeps the product moist. 

Bulk sugar warehouse Building where raw sugar is stored in bulk. 

Calandria Heating element used in certain types of evaporator bodies and 
vacuum pans, consisting of a drum- or lens-shaped body traversed by 
vertical tubes with steam or heating vapor in the space surrounding the 
tubes. 

Calandria steam chest Space between tubes in calandria. 
Cane harvester Machine which harvests sugar cane mechanically. 
Cane knives Blades attached to a central shaft, and spaced from 0.75 to 2 in 

apart; cane knives are driven by electric motor or steam turbine and the 
shaft rotates at ca. 600 r.p.m. 

Cane loader A machine for loading cut sugar cane into carts in the field. 
Cane table Platform onto which sugar cane is loaded. 
Carbonatation Phase of the refining process in which gas that is high in C02 

is added to the limed high-density melt. 
Cane sugar factory (sugar mill, central or ingenio) A processing facility 

where sugar is extracted from sugar cane and processed into raw sugar. 
Carbonator Person operating the carbonatation station. 
Catch-all Device for separating entrained matter from the vapor leaving a 

vacuum pan or evaporator body. 
Central well (or downtake) Communicating tube of relatively large diameter 

traversing the axis of a calandria which permits a convective circulation of 
the liquid or massecuite being heated, i.e. upward through the tubes and 
downward through the center well. 

Centrifugal (batch) A basket with perforations, suspended by a spindle and 
lined with screens, in which magma or massecuite is spun, and where the 
liquid phase is separated from crystals by centrifugal force. The centrifugal 
is driven by an electric motor. 

Clairce White sucrose liquor sometimes used for washing sugar in a centrif-
ugal (Adent process) or washing sugar loaves. It is a supersaturated solu-
tion. 

Clarifier (in a raw sugar house) A round large-diameter tank used for settling 
suspended matter on trays and for thickening settled mud obtained from 
limed and heated cane juice. 

Clarifier mud Concentrated settlings from limed and heated cane juice. 
Clarifier overflow (clarified juice) Supernatant liquid leaving the clarifier. 
Clerget method The double polarization method for the determination of 

sucrose in the presence of other optically-active substances. 
Clarifier underflow (mud) Concentrated suspension of separated solids 

leaving the clarifier. 
Condensate Water obtained by condensation of steam or vapor in surface 

condensers or in the steam or vapor chests of heating or evaporating 
vessels. 
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Condenser Apparatus for condensation of steam or vapor, generally using 
water as the cooling medium. 

Condenser water Mixture of condensate and cooling water produced by a 
direct-contact condenser. 

Conglomerate Cluster of mutually-intergrown crystals. 
Continuous centrifugal Conical perforated basket driven by an electrical 

motor through pulley and 'V'-belts at the bottom. The basket rotates 
continuously and is charged with a low-grade massecuite, remelt strike or 
affination magma. The sugar separated from mother liquor by centrifugal 
force climbs the wall of the basket and is thrown overboard, while the 
liquid phase is filtered out through a special type of screen. 

Crystallizer Apparatus for continuing the crystallization of sugar in a masse-
cuite after its discharge from a vacuum pan, by providing retention time, 
stirring and cooling at a controlled rate. 

Crystallization (%) The weight of crystalline sucrose formed in a massecuite 
expressed as a percentage of the total weight of sucrose in the massecuite. 

Curing The crystallization of sugar in a massecuite in a crystallizer. 
Cush-cush Screen located alongside of the mill tandem for screening pressed-

out cane juice. A continuous vertical-slat conveyor removes suspended 
bagacillo. 

Cut-over pipes Pipes serving to transfer massecuite from one vacuum pan to 
another. 

Cut (strike) Transfer part of an almost finished strike (massecuite) to 
another vacuum pan as a footing, and for developing larger crystal. 

Diffuser Apparatus for obtaining sugar-bearing juice from the shredded sugar 
cane by a combination of lixiviation and cell-membrane dialysis. 

Diffusion Extraction of sugar from sugar cane by osmosis and lixiviation. 
Diffusion juice Raw cane juice obtained from the diffusion process. 
Diffusion loss Loss of sugar in the diffusion process. 
Direct polarization Estimation of sugar content by sacchorimeter reading 

(D.pd.). 
Downtake See 'center well'. 
Draft Percentage of juice by weight withdrawn from diffuser on the weight 

of sugar cane entering the diffusion process. 
Dropping (strike) Discharging the batch of finished massecuite from the 

vacuum pan. 

Evaporation station Aggregate of the various evaporator bodies and their 
auxiliary equipment. 

Evaporator body or cell Single evaporator vessel. 
Evaporator effect Evaporator body or group of bodies working as one of the 

series-connected units in a multiple-effect evaporator. 
Extraction Net sucrose produced per sucrose entered: extraction (%) = 

100 X extraction. 
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False grain Undesirable small crystals found among the crystal population of 
a massecuite — the result of unwanted spontaneous nucleation during the 
sugar-boiling operation. 

Filter Apparatus for separation of liquid from suspended matter. 
Filter-aid Diatomaceous earth. 
Filtrate Effluent from any filter. 
Flume water Water used to transport sugar-beets from silos to the factory. 
Footing strike Raw sugar massecuite specially boiled to provide a footing to 

a low-grade massecuite. This massecuite generally is boiled to have 89 
apparent purity and ca. 88°Brix. 

Gassing tank Apparatus in which carbonatation is performed. 
Glucose Carbohydrate ( C 6H 1 20 6) also called dextrose. 
Grain n. Aggregate of the crystals in a massecuite; v. to introduce or initiate 

a crop of crystal nuclei in a graining charge. 
Graining charge In batch sugar boiling, the charge of syrup drawn into the 

vacuum pan at the beginning of the batch massecuite boiling. 
Granulated sugar Refined white sugar dried in a granulator. 
Granulator (sugar dryer) Apparatus for drying the damp sugar coming from 

the white sugar centrifugals. Can also be used for drying washed raw sugar. 
See Turbinado sugar. 

Green syrup Run-off from affination centrifugals. 
Growing grain Phase of batch sugar boiling following graining in which the 

crystals are grown to the desired size, and the volume of the massecuite is 
increased by simultaneously adding syrup and evaporating water. 

Heater Apparatus for rapid heating of juices or sugar solutions. It consists of 
a number of the nests of small-diameter tubes (ca. 2 in) surrounded by a 
vapor- or steam-chest. 

HS Heating surface. 

Invert sugar Combination of glucose and fructose, formed in equal quantities 
by the hydrolysis of sucrose: C 1 2H 2 2 0 n + H 20 = 2 C 6H 1 20 6. 

Invert sugar content Content of an about-equal part mixture of glucose 
(dextrose) and lévulose (fructose). 

K 20 Potassium oxide. 

Labile zone Region of supersaturation in which nucleation will readily 
occur. 

Lagoon A large storage pond where cane wash-water, condenser-water or 
other effluents from the sugar factory are stored to decrease their BOD. 

Lime cake Filter cake obtained in a refinery using the carbonatation process, 
which is sweetened-off by washing with water. 

Lime saccharate Pure sucrose solution treated with milk of lime. 
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Lime-salt content Content of dissolved calcium salts, expressed as percent 
CaO on dry substance. 

Liming Treatment of raw cane juice with milk of lime up to pH 8.0—8.5. 
Normally between 1.0—1.6 lb of Ca(HO) is used per ton of sugar cane. 
Refinery melt is also treated with milk of lime prior to the carbonatation 
process. 

Liquid invert Liquid sugar containing a significant proportion of invert 
sugar. 

Liquid sucrose Liquid sugar containing essentially only dissolved sucrose. 
Liquid sugar Marketable syrup, usually prepared by dissolving granulated 

sugar in water. May consist of a mixture of dissolved sucrose and invert 
sugar. 

Lixiviation Removal of sugar juice from ruptured cells with water and cane 
juice. 

Magma Mixture of raw sugar crystals and green syrup. 
Massecuite Magma produced by crystallization — a suspension of crystals in 

their mother liquor. The descriptive nature of this term justifies its refer-
ence to the slightly more concise 'Fillmass'. 

Mechanical circulator Apparatus consisting of a heavy central shaft driven 
and supported from the top, and extending into the downtake of a 
vacuum pan. To the lower part of the shaft and slightly below the 
calandria is attached a screw pump. 

Meladura Syrup effluent from multiple-effect evaporator in a raw-sugar 
house. 

Melt Affined sugar dissolved in water at about 60°Brix. 
Melter Apparatus for dissolving crystalline sugar in juice, syrup or water. 
Metastable zone Region of supersaturation in which crystals already formed 

will grow, but new crystal formation will not occur. 
Mill (sugar cane) Is used to extract juice from sugar cane by pressure, and 

consists of three grooved horizontal rollers, two below and one on top. It 
is driven through a gear train. 

Milled seed Finely ground sugar crystals used for seeding sugar liquor or 
syrup in a vacuum pan, usually produced by wet grinding in isopropanol. 

Mingler A trough equipped with a central shaft and paddles, where raw 
sugar is mingled with green syrup, or refinery final run-off, prior to spin-
ning it in affination centrifugals. 

Mixer A vessel into which massecuite is discharged from a vacuum pan. 
Molasses (final molasses) Undiluted run-off from a low-grade massecuite. 
Mud filter cake Cake obtained on a continuous rotary or any other type of 

filter. 
Mud pond Basin for the storage and dewatering (usually by evaporation and 

percolation) of the slurry of solids removed from the cane by washing, 
or the diluted filter cake. 
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Multiple-effect evaporator Series of evaporator effects operating at succes-
sively reduced vapor pressure and gradually increased vacuum. The 
evaporators are so connected that the first effect is heated by exhaust 
steam, the second by vapors generated by the first effect, and so on. 
While the first effect is operated under a pressure, the last effect has 
27 in vacuum. 

Ν Nitrogen 
Non-sucrose Any water-soluble matter which is not sucrose. 
Non-sugar (non-saccharide) Any water-soluble matter which is not a sachha-

ride. 
Non-sugar solids Total dry substance minus total sugars. 

Pilé sugar Very hard refined sugar purged and steamed in centrifugals to dry-
ness. Upon cooling it is broken into small pieces. This type of sugar is 
manufactured only in Argentina. 

Polariscope (Saccharimeter) An instrument for determination of amount of 
sucrose or invert sugar. 

Polarization The amount of rotation given by a substance to the plane of 
plane-polarized light under standard conditions (ICUMSA), expressed as 
equivalent percent sucrose. Can be expressed as 'Direct polarization' 
(q.v.), or D.pol. 

P 20 5 Phosphoric anhydride. 
Powdered sugar Finely-divided sugar produced by pulverizing granulated 

sugar. It usually contains an anti-caking additive, such as starch. 
Precoat Deposit of a filter-aid on filter leaves before filtration begins. 
Preliming Treatment of raw cane juice with milk of lime up to ca. pH 7.0. 
Purge To remove the (bulk of the) syrup from the crystals by centrifugal 

force. 
Purity 100 X D.Pol./dry substance (°Brix). 

Ratoon New plants springing up from the stubble after a crop has been 
harvested. 

Raw juice Sugar-bearing juice extracted from the sugar cane, before it is 
clarified. 

Raw Sugar Sugar produced from sugar cane or beets before refining. It is 
crystallized sugar covered with a film of molasses. 

Receiving station The station at which the grower's sugar cane is weighed, 
unloaded and sampled. 

Recovery house Part of a sugar refinery where low-grade products are 
reprocessed. Also called remelt house. 

Reducing substance In the sugar industry usually refers to matter chiefly 
reducing saccharides which is able to break down alkaline-copper reagents 
such as Fehling's solution and precipitate the copper. 

Refinery (sugar) A processing facility where refined white sugar is produced 
from raw or beet sugar. 
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Remelt v. To redissolve crystallized sugar for the purpose of recrystalliza-
tion; adj. characterizes collectively the intermediate and raw boilings, their 
equipment and their products, e.g. remelt boilings, remelt centrifugals, 
remelt sugar. 

Remelt sugar Crystallized sugar produced in a recovery house. 
Run-off Liquid phase separated from massecuite or magma by centrifugal 

force (purging). 

Scalding Preheating of the shredded sugar cane before the diffusion process 
by mixing it with hot water or hot cane juice. 

Screened sugar Granulated sugar classified according to crystal size. Various 
types of screened sugar are fine, extra fine, bottler's, baker's, etc. 

Seeding Supplying crystal nuclei to the graining charge, after the latter has 
been concentrated to the 'metastable zone' (q.v.) of supersaturation in 
numbers equal to the desired crystal population of the finished masse-
cuite. 

Seed slurry Liquid suspension of finely-divided sugar used for seeding — 
usually milled seed in (its) isopropanol suspension. 

Settling basin Pond for storage of suspended solids from factory liquid 
waste, or for elimination by sedimentation. 

Shredder Hammer mill with swinging hammer, or combination of knives and 
hammers. The purpose of a shredder is to disintegrate the cane and to 
open the maximum number of cells. 

Silo Large round steel or concrete tank in which granulated sugar is stored 
and conditioned. 

Slinger See 'Thrower'. 
Sluicer Arrangement of sprays in a ladder installed in a filter for dislodging 

filter cake from filter leaves with water under pressure. 
Sluicing Washing filter cake from filter leaves with water under pressure. 
Smear v. To produce false grain in a massecuite to the extent that it be-

comes difficult to purge; n. excessive amount of false grain in a masse-
cuite. 

Soft sugar Term preferred by the cane-sugar industry to 'brown sugar' (q.v.). 
Steffen process Process in the beet sugar industry for the extraction of 

sucrose from molasses by combination with CaO and Ca(OH)2. 
Strike Batch of finished massecuite in a batch sugar-boiling process. 
Sucrose The disaccharide ( C 1 2H 2 20 1i ) , a D-glucopyranosyl-j3-D-fructofuran-

oside. This term should be used to specify this particular crystalline form 
of sugar. 

Sucrose content Percent sucrose as determined by the Clerget method 
(which minimizes interference by nonsucrose). 

Sugar An organic product derived mostly from sugar cane, beets or corn. 
Sugar boiling Transformation of syrup into a mixture of crystals and mother 

liquor (See massecuite) by simultaneous evaporation and crystallization. 
Sugar dryer See 'granulator'. 



562 

Sugar loaf Hard sugar in the form of a cone, obtained by pouring hot masse-
cuite into conical mold drained by gravity or pressure. It is washed by 
clairce (q.v.) while it is being cooled. 

Sugar mill A processing facility which extracts juice from sugar cane to 
produce raw sugar. See 'mill' (for sugar cane). 

Sulf itation Treatment of cane juice with S 0 2. 
Supersaturation The ratio of concentration -of a solution to the solubility 

of sucrose in the presence of the same impurities at the same temperature, 
or ratio of sucrose/water divided by ratio of sucrose/water at the same 
temperature and true purity in saturated solution. Or: S = Concentration 
in amount of solute per fixed amount of solvent/concentration of satu-
rated solution at the same temperature. 

Sweetening-off Reduction of the sucrose content of a filter cake, bone-char, 
resin bed, etc., to a practical minimum by displacing the sucrose-bearing 
liquid phase with water. 

Sweet-water Water enriched with sugar washed from filter cake or granular 
adsorbents. 

Syrup General term for sugar solution of relatively-high sugar concentration. 

Tandem Train of several cane-sugar mills following each other. 
10 X Ten times magnification under the microscope. 
Thermophylic bacteria Can be found in cane raw juice, and can withstand 

125°C (257°F). The presence of these bacteria in refined sugar is objec-
tionable in canned food manufacture. 

Thrower (or slinger) Machine which throws sugar in a warehouse to make a 
pile. 

Tightening the strike (or bringing strike together) Final phase of batch sugar 
boiling in which the syrup feed is stopped and evaporation is continued to 
exhaust the mother liquor of sucrose and to adjust the massecuite to the 
desired final density (°Brix). 

Total solids The moisture-free matter present. 
Total sugar content (total sugars) Sucrose content determined by Clerget 

method plus total invert sugar (reducing sugars) determined by either 
Lane—Eynon titration, or gravimetric method. 

Total sugars/100°Brix Total sugars calculated on total dry substance. 
True purity Sucrose determined by Clerget method and divided by total dry 

substance (determined by drying) X 100. 
Turbinado sugar Raw sugar washed in centrifugal and then dried in a granu-

lator. 
Twin Pair of mutually-intergrown crystals. 

Undetermined loss Unaccounted losses, or deficit in the sucrose balance of 
the process after the production and accounted losses are subtracted from 
the quantity of sucrose entered factory. 
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Vacuum pan Apparatus in which crystallization of sugar is achieved under 
vacuum by evaporation. 

Vapor Steam derived from boiling juice or syrup, as differentiated from 
steam originating in boilers. 

Wash-table Table or platform with drag chains on which sugar cane is washed 
before grinding. 

Wash-syrup The run-off leaving a centrifugal after the initiation of the wash. 
It consists of displaced green syrup plus the solution of sugar crystals dis-
solved by the wash-water. 
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Index 

A 

Abrasion 
— of screens in continuous centrifugals, 

241 
Accumulation 
— of ash, 431 

— of gums, 431 
— of non-sucrose, 431 
Acid, 4, 113 
— formation in clarification, 119, 122 
Activated carbons, 356 
Adant process, 403, 437 
Adsorbent (s), granular, 

See granular adsorbents 
Adsorption 
— by activated carbons, 356 
— of coloring matter in liquor, 453 
— by granular carbon, 291, 348 
— by powdered carbon, 356 
Aeration 
— of cane wash-water, 43 
— with centrifugal pump, 369 
— with compressed air, 186, 264, 320 
— with Moyno pump, 320 
— of refinery melt, 320 
— by rotating disks, 321 
Affination 
—, automatic feed, 309 
—, color removal, 304 
—, description of process, 303—316 
— green syrup, 286, 292, 303—308, 431, 

432, 437, 448 
— green syrup treated with filter-aid, 308 
— and melting, 303—316 
— magma, 237, 304—308 
— mingler, 304 
—, raw sugar, 292, 298, 303—308 
— in refinery, 307, 308 
— of remelt sugar, 286, 431, 432 
— returns, 308 

run-off, 307 
— station, 199, 292, 297, 304—308, 309, 

314, 404, 434 
Affined sugar, 304, 314 

melt, clarified with phosphoric 
acid—lime treatment in continuous 
clarifiers, 453 

Air 
— compressor, 186 
— cushion, 369 
—, effect in filtration, 369 
— filter, 421, 456 
— vents, 368 
—, dry, properties table, 547, 548 
Aldehyde, 4 
Aldohexose (glucose), 4 
Amersperse 1100, 271 
Amerstat 272, 83 
Amino acids, 264, 434 
Amorphous substance, 264 
Amorphous sugar (Areado), 445, 446 

, ash content, 445 
, invert sugar content, 445 
, moisture content, 445 

Anion resin column, 455 
Apparent purity 

of Ά ' grade molasses, 193,196,198, 
201,202 
of clarified juice, 121,123 

, decrease in, 122 
in evaporators, 166 
of final molasses, 191, 261, 435, 511 
of footing strike, 191 
rise in juice, 121 
of low-grade crystallizer strike, 191, 
433 
of run-off in refinery, 404 
of syrup, 166 

Ash 
— of bagacillo, 295 
—, accumulation of, 431 
— in filter cloth, 326, 332, 333 
— in massecuite, 207 
— ratio, 122, 207 
— in raw sugar, 288, 295, 300, 301, 432, 

511 
—, silicious, 326 
Atomizer, 140, 141 
Autocane system, 64—68 
Auto-filter, 363, 370 
Automatic 
— feed in affination, 309 
— feed in vacuum pans, 182 
— sugar boiler, 183 
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Available 
- P 20 5, 1 1 3 , 1 1 9 , 120 , 317 , 318 
— sugar, 309 , 4 3 2 , 5 1 0 

, SJM formula, 4 3 2 , 510 

Β 

Back-boiling, 399 
Bacteria 
— activity, 8 3 , 8 6 , 1 0 2 , 448 
—, Leuconostoc, 8 3 , 1 1 6 , 134 
—, thermophilic, 123 , 186 
Bacterial 
— action, 8 3 , 8 6 , 1 0 2 
— infection, 3 5 2 
Baffle(s), 1 0 6 , 114 , 150 , 3 1 9 
Bagacillo 
—, complete removal, 1 1 9 , 1 2 3 , 124 , 294 
— in crushed cane, 8 2 , 1 1 9 
— in melt, 320 
— mixer, 1 3 5 , 1 3 6 
— in mud filtration, 8 2 , 1 3 5 , 1 3 6 
Bagasse 
— absorption, 79 
— calculation, 510 , 511 
— carrier (intermediate), 73 
— conveyor, 8 2 
—, dewatered, 8 9 , 9 0 
— disposal, 8 2 
— as fuel, 90 
— mat, 8 9 
—, moisture in, 78 
— particles, 87 
—, percolation through, 94 , 97 
—, screening of, 8 2 
—, sugar losses in, 87 
— suitable for diffusion, 87 , 88 
— used for other purposes, 8 2 
—, wet, 8 2 , 8 3 , 97 
Balance 
- , heat, 1 5 3 - 1 6 0 
—, steam, 1 5 1 , 152 
Barrel syrup, 261 
Basket 
— in batch centrifugal, 223 , 224 , 226 , 

228 
— in continuous centrifugal, 233—235, 

237, 239 , 240 , 4 4 4 
Batch 
— carbonatation, 327 
— centrifugal, 223 , 232 , 233 , 303—309, 

313 , 4 0 3 , 405 , 4 0 6 , 4 1 1 , 4 3 4 
— columns, 347 

— operation, using hot clarified juice, 195 
Battery 
— centrifugal, 2 3 0 
— diffusion, 8 5 
Baume, 112 , 1 1 3 , 1 1 5 
BHE (boiling house efficiency), 105 
Biomass, 4 6 3 , 4 6 4 
Blackstrap molasses, 

See molasses, final 
Blood, sugar in, 1 , 2 
Blowdown 
— of boiler water, 278 
—, continuous, 2 8 0 , 282 , 283 
Blow-up tank, 317 
BOD (biological oxygen demand), 39 , 41— 

4 3 , 4 5 9 , 4 6 1 - 4 6 3 , 465 
Boiler, rate of steam production, 281 
Boiler feed water, 

, care of, 277 
, consumption, 278 
, oil contamination, 279 
, storage capacity for, 278 
, danger of sugar in, 278 , 279 , 

281 
Boiling 
— footing strike, 1 9 2 , 193 
—, heavy, of strikes, 175 , 4 0 2 
— house efficiency (BHE), 105 
— point elevation (ΒΡΕ), 152 , 396 , 553 
— point rise (BPR), 152 , 153 , 394 
— of raw sugar massecuite, 191—203, 

3 0 3 , 4 0 3 
— of refined sugar, 4 0 1 
— refinery massecuites, 401—407 
— virgin Ά ' strikes, 198 
Bone-char 
—, adsorption of organic non-sugars, 3 0 0 
—, anionic colour affinity, 3 3 9 
—, carbon content, 348 
— in carbonatation, 354 
— filters, 325 
—, filtration through, 3 0 9 
— houses, 3 5 2 
— in proportioning of liquor and lime, 

330 
— refineries, 4 4 8 
—, regeneration temperature, 354 
Borer 
— attacks, 4 
—, sugar cane stalk, 15, 16 
Boron (borax), 8 
Bound moisture, 4 1 1 , 4 2 4 
Bowl centrifugal, 325 
Brix, total sugars per 100°, 110 , 2 6 2 , 2 6 3 , 

477 , 4 7 9 , 4 9 9 , 505 , 506 , 5 1 1 , 5 1 2 
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BTU (British thermal unit), 151,153—156, 
168,169 

Buckau-Wolf 
—, cube-pressing plant, 439 
—, forced-flow evaporator, 165 
—, granulator, 418 
Bulk sugar 

, advantages, 245, 246 
, conveyors for, 246—248, 256 
, disadvantages, 246 
, history of, 245 
, installation for loading, 256 

loaders, 251 
, moving to the terminal, 255 
, moving to the vessel, 246 
, quality of, 254 
, shipping of, 254, 255 

warehouses, 246—254 
Busan 881, 83 ,116 

c 

Caking 
— of sugar, 412, 423, 425 
Calandria 
—, cleaning, 271 
—, cleaning on steam side, 273 
— coil, 174 
— downtake, 147, 165 
—, evaporator's, 145—147, 165, 395 
—, heating surface of, 147, 163 
—, regular, 173 
—, ribbon-, 175, 400 
— trap for condensed steam, 173 
— tubes, 165, 400 
Calcium phosphate 

, di-, 120 
, mono-, 119, 317, 318 
, octa-, 120 

Calculation 
— of evaporation, 151—163 
— of evaporator capacity, 151—163 
Calculators, 504 
Calibration 
— of vacuum pans and other equipment, 

188 
Calorific value, 2 
Cana Blanca, 3 
Candle filter, 378, 379 
Cane, 1—16 
—, blackstrap produced per ton, 263 
— burning, 25, 29 
— carrier(s), 34, 37, 38, 54, 59, 6 3 - 6 8 

—, chain-net system for loading, 22, 23 
—, complete Florida system, 25 
— conveyor, 38, 39 
— crusher(s), 51, 53, 54, 59, 86 
— crushing, 51 
— cutting, 17,18 

, incentive systems, 18, 22 
— diffusion, 8 5 - 8 7 , 1 0 2 - 1 0 4 , 512 
— dump trucks, 25 
— fiber, 53, 54, 77, 79, 82, 86, 102, 512 
— grabs, 19, 23 
— grab harvesting system, 17 
— handling in mill yard, 31 
— harvesters, 17 ,18 , 27 

, mat type, 18, 22 
— history, 2, 3 
—, infield transportation, 20 
—, , general system, 20 
— juice, 44 ,119 , 269 

, clarification, 119—130 
, extraction, 51—84 
, liming, 111-118 

sucrose content, 113 
, weighing, 105—110 

— knives, 54—58, 77, 92, 103 
, power required, 55, 103 
, revolving, 53, 56, 58 

— loader, 19 
— loading table, 34, 35 

, kickers on —, 34—36 
—, mechanically harvested, 119 
—, — loaded, 119 
— mills, 277 
— noble, 3 
—, outfield or road transportation, 21 
— polarization, 511, 512 
— quality, 511 
— shredder(s), 56—58, 77 

, hammer-mill, 56 
, Maxwell, 56 
, separators for tramp iron, 59 

—, side dump system, 23 
—, systems of transportation, 19—22 
—, in Florida, 20, 25 
—, in Hawaii, 20 
— table, 59 
— tippler dump system, 25 
— transfer, 29 
— transfer stations, 21, 22, 25 

in Florida, 22 
— transport, 19—22, 29—31 
—, unloading at mill, 23 
— washing, 33—39 

on carrier, 37—39 
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on table, 34—37 
with condenser water, 36, 41 

— wash-water BOD, 39, 41—43 
calculation, 39—41 

, cleaning with DorrClones, 44, 45 
clinging to cane stalks, 40 
disposal, 42—44 

, Eimco process clarifier, 43 
lagooning, 42, 43 

— weighing in field and factory, 22, 23 
, incentive systems, 22 

— windrow, 17,18 
cutters, 18 

Carbohydrates, 2 
Carbon 
—, activated, 267, 339, 356—359, 363, 

369, 374 
—, char-, 363 
—, color adsorption, 356 
—, decolorizing, 267, 356, 358, 445, 453 
— dioxide compressor, 336—338 
Carbonatation 
—, advantages of, 335 
— of affined sugar melt, 298 
—, batch-, 327 
- , C 0 2 in, 326, 327, 330, 333, 336-338 
—, continuous, 327 
—, decolorization, 333, 356 
—, defecation, 326 
—, disadvantages of, 335 
— economizer, 330 

, latent heat, 330, 331 
— equipment, 327—335 
—, filterability of liquor in, 326, 333 

, filtration, 327, 334, 335 
, gas distribution, 332 
, gassing, 327, 330, 331, 333 
, — tanks, 331, 334 
, , number of, 331 

• — temperature, 332 
— of high-density washed sugar liquors, 

326 
— history of, 326 
— liquors, 369, 389 
—, milk of lime used in, 330 
—, mud pressing, 334, 335 
- , pH during, 327, 329, 330, 332 
— process, 269, 317, 326, 336 
—, proportioning of liquor and lime, 

330,334 
— refineries, 335 
—, tanks required, 331 
—, temperature, 326 

Cascade control, 470 
Catch-all (s), 150, 164 
—, centrifugal, 150 
—, external, 150 
— in vacuum pan, 173, 406 
—, rust prevention in, 407 
—, zig-zag, 150 
Cationic surfactant, 340 
Caustic soda 

for cleaning press cloths, 333 
for evaporation station, 271 

Celite, 503, 318 
— Hyflo Supercel, 382 
Centrifugal (s) 
— affination, 237 
—, automatic, 227 
- , basket for, 223—226, 228, 229, 444, 

445 
- , batch, 223—230, 232, 303, 304, 309, 

313 ,403 ,411 ,434 , 435 
- , BMA, 225, 243 
—, bowl-type, 325 
—, brakes, 227 
—, capacity of, 224—226, 238, 240 
—, continuous, 195, 218, 223, 233—243, 

303, 304, 309,313, 403, 434, 435 
—, —, resistance heater for, 241, 242, 436 
—, —, steam use in, 240 
— cycle, 228 
—, drying cycle, 420 
—, emergency brake, 227, 228 
— feedmixer, 208, 218, 219, 230, 241, 

242, 306, 510 
, level control installed in, 230 

—, Fives—Cail—Babcock, 224 
— force, 44, 238, 240, 303, 437 
—, horizontal, 237 
— loading, 229 
— for low-grade massecuite, 231, 232 
— for low-grade sugar, 264 
— mixer, 219 
—, motors for, 225, 226, 227, 235, 237, 

242, 243 
- , pilé, 444, 445 
— plowing, 228, 232 
— pumps for aeration, 369 
—, push-type horizontal continuous, 241 
—, , for purging raw, affined, 

refined and remelt sugars, 
241 

— in raw sugar house, 312, 313 
— in recovery house, 434, 435 
— in refinery, 313 
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—, screens for, 209, 228, 231, 235, 237, 
238 

—, —, abrasion of, 241 
—, unloading, 229 
Chain-net system, 22, 29 
Chambon sugar moulding plant, 441 
Char 

See granular adsorbents 
Chemical balance 

, boiler feed water, 280, 281 
Chloride ratio method, 122 
Circular ribbon elements in ribbon-

calandria vacuum pan, 175 
Circulation in vacuum pans, 174, 176— 

178 ,193 ,400 
Circulator 
- , mechanical, 174, 176, 177, 182, 401 
Citric acid, 267 
Clairce in cube sugar manufacture, 437 
Clarification 
—, cane juice, 90, 111, 119—130, 303 
—, color removal by, 317, 318, 339—346 
—, continuous, 318, 319 
—, destruction of sugar in, 116 ,120 ,122 
- , drop in pH, 112, 113,122 
—, excess lime, 115, 120, 122 
— with magnesium oxide, 112 
—, pH control, 115 
—, phosphoric acid in, 119,120 
—, phosphoric acid—lime treatment in, 

317,318 
— process, 7, 121 
— in raw augar house, 303 
— of refinery melt, 317 
—, retention time in, 121, 125,130, 320 
— temperature, 120 
— and treatment of refinery melt, 317— 

346 
- , rate of, 194, 207, 209 
— of refinery liquors, 400 
—, spontaneous, 447 
— of sugar, 437 
Clarified juice, 40 ,112 , 121, 123, 1 2 8 -

130,139, 270 
, amount in clarifier and syrup, 188 
, concentration in multiple effect, 

145,166 
, to be crystallized into raw sugar, 

145 
entering long-tube pre-evaporator, 
165 

, evaporation, 145, 146—149, 163 
leaving continuous clarifier, 151 

in long-tube pre-evaporator, 165 
in mud filtration, 132, 134 

, preheating, 147 
, preservation during shutdown, 122 
, quality, 120 
, screening, 123, 124, 130 
, volume of, 129 

Clarified liquor treated with carbon, 374 
Clarifiers, continuous 

, BMA, 124, 127 
, capacity, 119, 321 
, cleaning, 123 
, excessive capacity, 119 
, flotation, 316, 318, 321, 325, 363 
. for juice, 90, 91, 97, 117, 124 
. Graver, 124, 126 
, in refinery, 318, 356 
, , Bulkley—Dunton, 321 

—, Jacobs, 321—323 
—, SuCrest, 320, 321 

, , Sven—Pedersen, 321 
, , Williamson, 321 
, liquidation, 123 
, Poly-Cell, 124, 128 
,Prima-Sep, 124, 127 
Rapi-Dorr, 125, 444 

, retention time in, 125, 126, 130, 
320 

—, —, scale, 274, 275 
Cleaning 
— evaporators, 269—275 
— calandria, 270, 273 
— continuous clarifiers, 123 
— heaters, 122, 269—275 
— vacuum pans, 269—275, 407 
Clerget method, 5, 121 
Climbing film evaporators, 

See evaporators 
Coagulants, 129 
Cobenze's diagram, 201, 202, 265, 435, 

449 
COD (chemical oxygen demand), 463 
Coil(s) 
—, perforated, 186, 403, 432 
—, vacuum pan, 173—175, 399, 400 
Color 
— formation, in clarified juice, 122 

, in refinery, 289, 393, 394, 445, 
446,482 

, increase on heating, 124 
— removal, by affination, 314 

, by phosphoric acid, 317 
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Coloring matter, 291, 298, 300, 303, 304, 
306, 339, 453 

Communication, 467, 480 
Compressed air 
—, in liquor supply tanks, 186, 403 
Computer 
— control, cascade, 470 

, feedback, 469 
, feed-forward, 470 
, hierarchy, 473, 474 

—, data processing, 478 
— graphics, 480—483 
— instrumentation and control, 480 
—, linear regression, 476 
— manufacturers, 483 
—, mathematical models, 474—476 
—, multiple interpolation, 479, 480 
— process control, 469 
—, , data storage, 479 
—, , instrumentation, 476 
—, refinery efficiency, 469 
— terms, 484—498 
— types, 470 -473 
—, use in sugar industry, 467—507 
Condensate 
— for boiler, 283 
— from calandrias in multiple effect, 301 
— in refinery, 301 
— water, 94, 128,182, 219, 222, 2 7 7 -

279, 314 
, sampling of, 150 

Condenser (s), 150 
—, counter-current multi-curtain, 167— 

169 
—, counter-flow, 167 
—, flooding, 168 
— in gassing tank, 332 
—, goose-neck in, 168 
- , load, 147 
—, multi-jet, 167—170 
—, parallel-current, 167,170 
- , tail pipe, 167 ,168 ,170 
— in vacuum pan, 173 
— waste-water, 167, 168 
—, water requirements, 168,169, 283, 301 
—, water for cane washing, 36, 41 
Conditioning granulated sugar, 423—425 
Conglomeration 
— of sugar crystals, 292—294, 400 
Continuous clarifiers 

See clarifiers, continuous 
Continuous D.C. (Diaz-Compain) diffuser, 

94 
Control 
—, analytical, 510, 511 

—, computer, cascade, 470 
-, feedback, 469 

, —, feed-forward, 470 
, —, hierarchy, 473, 474 
, laboratory, 509—512 

Convection drying, 411 
Conversion factors, 513—520 
Conveyor(s), 79, 82, 83, 91, 92, 94, 96, 

97, 102, 224, 243, 428, 429, 438 
—, hanging screw, 97 
—, mud, 138 
—, oscillating, 442 
—, size of, 256, 257 
—, vibrating, 449 
Coolers, 

See granulators 
Cooling 
— coils, 434 
— in crystallizer, 195,196, 198, 207— 

209, 406 
— drum, 413, 415-417 
— in granulator, 413, 415—423 
— period in crystallizer, 195,196, 208 
— rate in crystallizer, 207—209 
Copper, 8 
Cristalina, 3 
Crusher 

See cane crusher 
Crystal (s), 
— in batch centrifugals, 403 
—, conglomeration of, 292—294, 400 
—, face, 400 
— growth, 194, 198, 201, 205, 207, 

209, 400 
- , hard, 191 
—, mixture of, 173 
— size, 420, 423, 449 
—, uniform, 191 
—, —, in low-grade massecuite, 233 
— yield, 196, 197, 202, 309, 406, 431, 

436 
— yield formula, 202 
Crystallization 
—, amorphous, 442 
— of crystal, 205 
— by cooling and motion of low grade 

massecuites, 205—222 
— by exhaustion of final molasses, 205— 

222 
— of low-grade massecuite, 207 
— period in crystallizer, 208, 432 
— period in vacuum pan, 393 
— fflterability, 356, 357 
—, granular-, 339, 359, 360, 363, 453 
—, —, regeneration temperature, 354, 360 
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— treatment, 354, 359 
tanks, 357 

Crystallizer 
—, air-cooled, 208, 212 
- , batch, 211 
—, Blanchard, 212, 216—218 
—, calculating capacity, 211 
—, capacity, 211, 212, 261 
—, continuous, 208, 212, 214—218, 267 
—, holding, 230 
- , Lafeuille, 215, 406 
— in refinery, 406 
— instrumentation, 215 
—, stirring equipment in, 209, 210 
—, storage, 197 
— strike, 433 
— types, 212—218 
—, vacuum, 403 
- , Werkspoor, 214, 216, 218 
Cube sugar process 

, Adant, 403, 437 
, dielectric drying, 442 
, Hubner, 437 
, pressing, 438—441 
, vibro, 441, 442 

Cuitometer "Suma", 184 
Cush-cush, 79, 119, 123 
Cyclones 
—, hydro, 43, 383 
—, liquid, 34 

D 

Data processing, 478 
D.d.S. cane diffuser (De danske Sukker-

fabrikker), 92 
Decolorization 
— by activated carbons, 339, 356—359 
— with bone-black, 453 
— with bone-char, 339, 354, 445 
— by granular adsorbents, 347—355 
— by granular carbon, 359, 360 
— by ion-exchangers, 360—362 
— by phosphatation, 354 
— by phosphate—lime, 318 
— by phosphoric acid—lime, 317, 357 
— of refinery liquors, 339—346, 347—355 

, by percolation, 357 
— by Talofloc/Taloflote process, 339— 

346 
Decolorizing 
— agents, 291, 297, 301 
— carbons, 300 
Deerr's SJM formula, 432 

Delayed liming, 113, 114 
Density equivalents 

, table, 521-544 
Derrick (s), 
—, Cuban, 22 
—, stiff-legged, 22 
Descaler, pH 2, 271 
De Smet (Belgian) continuous diffuser, 

87 ,91 
Destruction of sugar 

See sugar, destruction 
Dewatering devices, 100 
Dextran, 134 
Dextrose 

See glucose 
Diabetics, 1 
Diatomaceous earth filter aid, 363, 381 
Diatomite, 381 
Di-calcium phosphate, anhydrous, 120 
Dicalite, 318, 382 
Dielectric heater, 442 
Diffuser (s), 85 
—, continuous, 85—102 
—, types, D.C. (Diaz Compain), 85, 94—96 
—, —, De Smet, 85, 91, 92 
—, —, D.d.S. (De danske Sukkerfabrikker), 

85, 9 2 - 9 4 
- , - , Egyptian (BMA), 88 
—, —, Ring (Silver Engineering Works Ltd.), 

85, 96, 97 
—, —, Saturne, 97—100 
Diffusion 
— battery, 85 
— in crystallization, 400 
— of moisture, 411 
— process, 85—87, 94, 96, 102—104 
— theory, 86 
— vs. mill tandem, 102—104 
Diluted run-offs, 184—186, 202 
Dilution 
— formula for run-offs, 202 
— of refinery and remelt sugar run-offs, 

388 
Disaccharide, 2, 3 
—, empirical formula, 4 
Dissolved solids 

See solids, dissolved 
DorrClone, 44—47 
Double 
— -effect evaporator, 394 
— Einwurf system, 199, 433, 434 
— purging, 195 
Draft, 86, 96, 97, 102, 128 
Draining vessel for granular adsorbents, 

354 
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Dry milling factor, 41 
Dryers 

See granulators 
Drying 
—, convection, 411 
—, dielectric, 442 
— drum, 413 
— sugar, 412 

, refined, 411—423 
DSM screens, 34, 44, 48—50 
Dust collector, 417, 420 

, Roto-Clone, 420, 421 
Dynatrol method, 309 

ε 

Economizer, 330, 331 
Egyptian (BMA) continuous diffuser, 88 
Ejector (s) 
- , steam, 167, 170, 173 
- , water, 141, 167, 173 
Electric motors, 55, 56, 77, 413 
Electrolytes, 34, 130 
Electro-magnets, 59—63 
Empirical formula 

, mill extraction, 79 
, molasses exhaustion, 262 
, raw sugar, 287, 288 
, refinery, 288 
, sucrose, 4 
, titre, 232 

Entrainment 
— in evaporators, 149, 150 
— separator, 150 
— in vacuum pan, 173 
Enzyme (s), 86 
— action, 4 
Equivalents 
—, conversion table, 513 
—, density table, 521—544 
Evaporation, 145—171 
—, calculation of, 151, 152 
— in carbon treatment, 357 
— of clarified juices, 145—149, 151, 152, 

162,163 
—, continuance, 148 
—, double-effect, 394 
—, eliminating of, 314 
—, exhaust steam for, 152 
— film, 163, 164, 273, 274, 394 
— by flash, 146, 147 
—, heat balance, 153,154 
—, heating element in, 147 
— in multiple effect, 146, 152, 269, 393 

—, too rapid, 194 
- , rate of, 146,160, 162, 178,194, 401 
— in refinery, 394, 411, 415 
—, triple-effect, 394 
—, quadruple-effect, 393, 394 
Evaporator 
—, boiling point elevation (ΒΡΕ), 152 
—, calandria, 145,147, 148,165 
—, capacity calculation, 152—162 
- , catch-all, 150,164 
—, cleaning, 122, 269, 271, 272 
—, —, chemical, 270 
—, —, manual, 270 
—, climbing-film, 163, 164 
—, condensate system, 148 
—, condenser, 150 
—, double-effect, 394, 395 
—, downflow, 395 
—, ejector, 170 
—, falling-film, 397 
—, flash in, 146 
—, forced-flow, 165, 166 
—, heating element, 147 
—, heating surface, 146, 150, 151, 163, 

164, 269, 271, 393 
- , Kestner, 163,165, 273, 274, 394, 395 
- , Lille, 394 
- , multiple-effect, 145,146, 167, 270, 

271 
— in raw sugar factory, 163 
—, samples, 162 
—, sampling pipe, 162 
- , scaling, 129, 166, 269, 270, 273-275 
—, single-effect, 393 
—, size, 161 
—, steam saving, 146,152, 161 
—, supply tank, 402 
—, surface tension, 167 
—, vacuum end, 151 
—, vapor pipe, 170 
—, vapor velocity, 149 
Exhaust 
— air, 420 
— steam, 148, 151, 152,159, 161, 163, 

164, 171, 175,194, 240, 273, 317, 
325 

Exhaustion 
—, molasses, 191, 200, 205, 207, 261, 262 
—, mother liquor, 207—209, 406 
Extraction 
—, absolute juice, 77 
—, crusher juice, 51, 54 
—, dilute, 86, 115, 202 
—, empirical formula, 79 
— by lixiviation, 78, 86 
— of sucrose, 73, 79, 86, 94, 97, 265, 266 
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Face of crystal, 4 0 0 
False grain, 1 8 4 , 1 9 3 , 1 9 4 , 1 9 6 , 208 , 209 , 

4 0 0 , 4 0 2 , 407 
, in intermediate zone, 206 

Farrel 
— knife, 55 , 56 
— mill, 68 
Feed 
— distribution in clarifiers, 125 

in vacuum pan, 4 0 3 , 405 
— forward control, 4 7 0 
— water for boiler, 277—284, 301 

injection, 282 
Feedback control, 4 6 9 
Feed-forward control, 4 7 0 
Fehling's solution, 4 
Fermentation, 5 
- , froth, 194 , 195 , 210 , 264 
Fertilizer, 7, 11 
Fiber in cane, 5 3 , 5 4 , 77 , 79 , 8 2 , 8 6 , 1 0 2 , 

512 
Film 
— evaporation, 1 6 3 , 164 , 2 7 3 , 3 7 4 , 394 
— evaporator, Kestner, 1 6 3 , 165 , 2 7 3 , 274 

, Lillie, 3 9 4 
— of molasses on sugar crystal, 2 3 2 , 292 , 

295 , 298 , 303 
— of syrup, 4 2 4 , 4 4 9 
Filter 
— aid, 297 , 317 , 3 1 8 , 3 2 3 , 368 , 3 7 2 , 

3 7 4 , 376 , 3 7 8 , 3 8 1 - 3 8 4 , 4 3 6 
,Cel ite , 5 0 3 , 518 
, Celite Hyflo Supercel, 3 8 2 
, diatomaceous silica, 3 7 2 , 3 8 1 
, Dicalite, 4 0 , 318 
, Dicalite Speed Plus, 382 
, Kenite 700 , 3 8 2 
, perlites, 381—383 

- , air, 4 2 1 , 4 5 6 
—, Auto , 3 6 3 , 3 7 0 
—, BMA vacuum-, 1 3 2 , 1 3 3 
—, by-pass, 3 6 9 
— cake, 318 , 3 3 4 , 3 7 3 , 3 7 4 , 378 , 3 8 6 -

3 8 9 
, moisture, 138 
, polarization, 136 
, space, 3 7 4 
, washing, 1 3 3 , 140 , 1 4 1 , 3 7 3 , 387 
, weighing, 136 

—, candle type, 378 
- , cloth, 132 , 135 , 138 , 139 , 326 , 3 5 3 , 

3 6 3 , 3 7 2 , 3 7 3 , 3 7 5 , 377 , 378 
—, Dorr-Oliver vacuum, 132 , 323 

, Eimco Belt vacuum, 1 3 2 , 1 3 8 , 1 3 9 
, Enzinger (Angola), 3 6 3 , 3 6 9 
, Fas-Flo, 132 , 3 6 3 , 3 7 0 
, feed-water, 279 
, feeding through by-pass, 3 6 9 
, Gaudfrin, 3 6 3 , 3 7 0 
globe valve, 3 6 9 

, goose-neck, 368 
, granular carbon, 3 7 4 
horizontal-leaf, 373 

, horizontal-tank—vertical-leaf, 3 6 3 , 
3 7 3 

, Industrial, 363 
, leaf outlet, 3 7 0 
, leaves, 369—372 
, mechanical, 3 0 9 , 3 2 4 , 363—369, 384 , 

3 8 6 , 4 3 6 , 4 5 3 
, Neva-Clog medium, 3 7 2 
, Niagara, 3 6 3 , 3 6 9 
, overflow, 368 
paper, Solva-Floc, BW-40, 378 

, plate and frame, 376—378 
, plates, 135 , 140 
, pre-coat, 3 6 8 , 3 7 6 , 3 7 8 , 384—386 
, press, 1 3 1 , 3 3 4 , 3 6 3 , 3 7 5 , 377 , 378 
, pressure, 374 
, Pronto, 363 
, Rapi-Floc, 139 
, revolving, 8 2 , 135 
, rotary vacuum, 8 2 , 131—136, 1 4 1 , 

2 6 7 , 3 2 3 , 335 
, screens, 370 
, sluicing, 3 2 4 , 3 3 4 , 369 , 3 7 3 , 387 

header, 3 7 3 , 387 
jet, 373 
pump, 387 

, Sparkler, 363 
, spray-jets, 373 
, sweetening-off, 3 0 1 , 3 2 3 , 3 7 4 , 387 
, Sweetland, 3 3 4 , 3 6 3 , 3 6 9 , 3 7 0 
, tank, 378 
, Taylor bag, 3 6 3 
, tubular-leaf frame, 3 7 0 
, vacuum, 44 
, — rotary, 131—136 
, Valiez, 3 3 4 , 3 6 3 , 3 7 0 , 375 
, vertical-tank—vertical-leaf, 363 

Filterability 
— in carbonatation, 3 3 3 , 369 
— in carbon treatment, 357 
— of mud, 131 
— of refinery liquor, 3 0 1 
— test, 296 , 297 
Filtering area, 3 7 3 , 3 8 4 , 3 8 9 , 4 3 6 
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Filtrates 
— from granular carbon or bone-char, 

389 
— preheated, 3 9 4 
Filtration, 363—391 
— in carbonatation process, 335 , 363 
—, check, 358 , 359 , 3 8 9 
— cycle, 369 , 3 7 3 - 3 7 5 , 378 , 3 8 4 , 385 , 

3 8 9 
—, double-, 358 
—, double carbon, 358 
— of melt from continuous clarifiers, 

386 
— of mud from clarifiers, 8 2 , 131—143 
— of mud on vacuum rotary filters, 132 , 

1 3 5 , 1 3 9 
—, phosphoric acid—lime in, 386 
— of P2Os- treated liquor, 317 
— procedure, 388 
— rate, 309 , 318 , 377 
— in recovery house, 436 
— of scums, 323—325 
— of sugar liquors treated with phosphoric 

acid—lime, 369 
Final molasses 

See molasses, final 
Fives—Cail—Babcock 

, mill, 68 , 69 
, vacuum pan, 173 

Flash 
— in evaporator, 1 4 6 — 1 4 9 , 1 5 1 
— system, 94 
— tank, 120 
Floe formation, 1 1 3 , 317—320 
Flocculation, 138 
Flood irrigation, 19 
Florida system (complete) , 25 
Flow 
—, gravity, 4 1 3 
— meter, 105 , 240 , 278 , 386 
— rate, 356 , 359 , 377 , 3 8 2 , 385 , 386 , 

3 8 8 , 4 5 5 
Flue gases 

for carbonatation in refinery, 336 , 
337 

, composit ion of, 336 
, washing, 333 

Flume water, 39, 43 
Foaming in crystallizers 

See fermentation 
Footing 
— in coil vacuum pan, 399 
— magma, preparation of, 1 9 1 , 195 , 4 3 3 , 

4 3 4 

— strike, 191—193, 298 
, boiling, 1 9 1 - 1 9 3 , 398 , 4 0 2 
, —, free from conglomerates, 191 
, graining, 191—193, 4 3 3 

magma, purity of, 1 9 1 , 298 
Forced-flow evaporator, 165 , 166 
Formaldehyde, 87 
Formula 
— for color removal, 314 
— for continuous blowdown, 283 
—, Prinsen Geerligs, 152 , 202 
- , SJM, 4 3 2 , 510 

spider, 265 
—, sucrose, 4 
—, Tromp's, 73 
Foxboro System, 109, 110 , 468 
Fractional 
— liming and double heating (FL and 

DH), 113 , 116 
— motor (Tor-Con), 183 
French screw press, 79, 80 
Froth fermentation 

See fermentation 
Fructose (lévulose), 2, 4, 5, 119 , 121 , 

122 , 2 6 1 , 289 
Full seeding, 4 0 0 
Furrows, 11 

G 

Gas 
— absorption, 3 3 2 
- , C 0 2, 2 6 4 , 3 3 2 , 336 , 337 
—, —, temperature, 336 
— compressor, 333 

, liquid-ring, 336 
, water-ring, 333 

— distribution, 3 3 2 
—, flue, 326 , 3 3 3 , 336 
—, molecule weight, 336 
—, non-condensable, 173 , 176, 177 
—, occluded, 120 
—, utilization, 332 , 337 
— washing, 3 3 3 
Gassing 
—, in carbonatation, 327—333, 336 
—, pH controllers, 332 , 334 
— rate, 3 3 2 
— tanks, 3 3 1 , 333 
— temperature, 3 3 2 , 334 
Gaudfrin filter, 3 6 3 , 370 
Glucose (dextrose), 2, 4, 5, 119 , 121 , 

122 , 2 6 1 , 289 
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—, ash ratio, 207 
—, destruction of, by heat and amino 

acids, 289 
- , ratio, 1 2 2 , 511 
Goka pressing machine, 4 4 0 
Golden invert syrup, 4 5 2 
Gonzales de Veloza, 51 
Goose-neck 

in filter, 368 
in condenser, 168 

Grain, 

- , false, 184 , 193 , 194 , 196 , 2 08 , 209 , 

4 0 0 , 4 0 2 , 407 
— size, 194 , 209 
—, uniform, 184 , 246 , 254 
Graining, 1 9 2 , 4 3 3 
Granular adsorbents, 347 

, adsorption by, 3 0 0 
, advantages of, 358 
, behavior of wet, 354 
, chemical considerations, 347 
, choice of, 354 
, columns for, 348—354 
, desweetening and washing, 354 
, draining, 354 
, drying and burning, 354 
, kilns for, 354 , 355 
, mechanical considerations, 347 
, stock management, 353 

Granulated 
— sugar, conditioning, 4 2 3 , 4 2 4 

, contamination, 4 1 6 , 417 
, drying, 4 1 1 , 4 1 2 , 4 1 3 , 4 2 0 
, packing, 4 2 4 
, run off, 4 3 2 
, screening, 4 2 1 , 4 2 2 , 4 5 1 
, storage, 424—430, 4 3 2 

— syrup, 4 3 3 
Granulator(s), 232 
- , BMA, 417 
—, Buckau-Wolf, 418 
—, Buttner Turbo-dryer, 418—420 
—, capacity, 4 1 3 
—, Roto-Louvre, 415—417 
—, short-fall dryer, 415 
—, Standard-Hersey, 413—415 
Gravity factor (G), 228 , 2 3 2 , 237 , 238 , 

240 
Green—Smith reheater, 219—222, 230 , 

3 0 7 , 4 3 6 
Green syrup 

See affination syrup 
Grooves, Messchaert, 7 2 , 7 3 , 96 
Grooving of crushers, 5 3 , 54 

Gruendler shredder, 56 
Gum(s) , 134 , 4 3 2 
—, accumulation of, 4 3 1 
—, extraction of, 78 

H 

Hammer-mill shredder, 56 
Harvester(s), 17, 18 , 19, 21 , 22 , 2 7 - 2 9 
—, 'butt first', 27 
—, cut-load, 21 
—, Faulkner, 17 
—, Florida continuous loader, 18 , 19. 
—, Louisiana cane cutter, 17, 18 
—, mat-type, 18, 2 2 , 27 
—, whole-stalk, 27 
Harvesting 
— system, grab, 17 

, pushrake, 17, 34 
— and transportation of sugar cane to 

factory, 17—32 
Heat 
— balance, 153 , 154 , 158 
—, conversion process, 4 1 1 
—, destruction of sugar, 116 , 320 
—, latent, 153—160, 4 1 1 
—, requirement in evaporator or pre-

heater, 151 
—, sensible, 4 1 1 
— transfer, 1 5 1 , 156 , 166 , 168 , 174 , 184 , 

186 , 209 , 210 , 222 , 269 , 270 , 2 7 3 
— transmission, 164 
Heater (s) 
—, cleaning, 122 , 269—275 
—, coil, 307 
—, continuous, 218 
—, Green—Smith, 219—222, 230 , 307 , 4 3 6 
—, heating surface (HS), 117 
- , juice, 117, 120 , 165 , 278 
- , plate, 177 
—, primary, 147 
—, unit, 4 1 3 
—, vapors used, 146 , 147 
Heating 
— calandria tubes, 145 
— coils, 186 , 230 , 2 4 2 , 307 , 357 , 4 1 3 , 

4 3 2 
— elements, 175 , 4 0 2 , 4 1 6 
— juice, 146 
— surface (HS), 113 , 1 4 6 , 1 5 0 , 151 , 160 , 

1 6 5 , 1 7 4 , 186 , 2 1 9 
(HS), scaling, 273 
(HS), treatment with NaOH, 271 
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, inhibited HC1, 272 
— -, silicate of soda, 273 
— with vapors, 97 , 151 
Heavy boiling, 4 0 2 
Hesser wrapping machine, 442 
Hewlett—Packard, 468 , 4 7 2 
Hexoses, 4 3 4 
Hierarchy of computer control, 4 7 3 , 4 7 4 
High test molasses 

See molasses 
History 
— of cane crushing, 51 
— of sugarcane, 2, 3 
— and origin of bulk sugar shipments, 

245 
Hodag 
— CB-6, 201 
— Floes, 319 , 411 
— flocculants, 129 
— HCA-21, 271 
— Sanitol-R microbiocide, 8 3 
— VAP-99, 167 
Hot liming, 116 
Howe—Richardson scale, 106 
Hubner cube process, 437 
Hummer screener, 4 2 3 
Hydraulic accumulators, 69 

, Edwards system, 72 
Hydrolysis 
—, aldehyde, 4 
—, fructose (lévulose), 2, 4 
—, glucose (dextrose), 2, 4 
—, ketone, 4 
—, monosaccharides, 2 
Hydroxy apatite, 120 

I 

Ideal molasses formula, 2 6 2 
Imbibition, 73 , 78 , 90 , 283 
In-boiling system, 399 
Incrustation 

- in crystallizer cooling elements, 222 
— in evaporators, 165 , 269 , 270 , 272— 

274 
Injection water 

, for condensers, 167—170, 180 
, pump capacity, 169 
, temperature, 449—451 

Instamat process, 449—451 
Insulin, 1 
Intermediate 
— bagasse carrier, 

See bagasse carrier 
— zone, 206 
Internal separator, 150 

, demister type, 150 
, zig-zag catch-all, 150 

Inversion 
— and color formation, 289 
— controlled by flow rate, 362 
—, determination, 1 2 1 , 122 , 4 5 2 
— in refinery, 4 0 3 , 4 0 4 
— through ion-exchangers, 3 6 1 , 4 5 3 , 455 
Invert 
— sugar (s), accumulation, 434 , 4 3 5 

, amount of, 191 , 207 , 265 , 4 3 2 
in clarification, 120—122 
content, 208 , 448 
decomposition, 265 
destruction, 120—122 
determination, 511 

, liquid, manufacture of, 4 5 3 , 455 
, loss of, 120 

in soft sugar, 448 
, stability, 120 

— syrup, 4 5 2 
Inverted syphon, 149 
Ion-exchangers, 266 , 300 , 3 0 1 , 360 , 

4 5 3 , 4 5 5 
—, columns, 372 

J 

Jacobs clarifier, 321 
Jeffrey shredder, 56 
Juice, 
—, cane, 4 4 , 119 , 269 
— clarification, 119—130, 264 
—, clarified, 

See clarified juice 
—, cleaning, 33 , 44—50 
—, cloudy, 134 
—, coloring matter, 1 1 1 , 122 
— crusher, 9 1 , 211 
— diffusion, 86—92, 94 , 96—98, 100 , 

1 0 2 , 103 
— effluent, 136 
—, evaporation of, 149 
— extraction, 77 
— heaters, 117, 120 , 165 , 278 
— heating, 1 1 1 , 116 , 117, 120 , 145 
- , limed, 1 1 1 , 116 , 117 
— losses, 3 3 
—, mixed, 4 5 , 78 , 102 , 1 1 3 , 115 
—, overtiming and overheating, 136 , 264 
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— pan below mill, 8 2 , 8 3 
- , pH, 94 , 1 1 1 , 1 1 2 , 115 , 116 , 1 1 9 - 1 2 3 
—, raw cane, 8 3 , 113 
—, refractory, 121 
—, residual, 9 0 , 102 
— scales, 115 
— screening (cush cush), 79 , 119 , 123 
— shortcircuiting of, 149 
— treated with phosphates, 119 , 120 
— from vacuum filters, 136 
— velocity, in evaporators, 269 , 2 7 4 

, in heaters, 2 6 9 
— weight, 106 

Κ 

Kathabar system, 4 2 4 
Kathene, 4 2 4 
Keeping quality, raw sugar, 232 
Kenite 7 0 0 , 3 8 2 
Kestner film evaporator, 1 6 3 , 165 , 273 , 

274 , 3 9 4 , 395 
Ketohexose (fructose), 4 
Ketone, 4 
Kiln 
— regeneration, 325 
—, vertical multihearth, 3 5 4 
Knife 
—, Farrel, 55 , 56 
— for tandem, 53—55 

L 

Labat, 51 
Laboratory control, 5 0 9 
Lafeuille crystallizer, 215 , 406 
Latent heat, 153—160, 4 1 1 
Lead acetate, 39 
Leuconostoc, 8 3 , 116 
Lévulose (fructose), 2 , 4 , 5, 1 1 9 , 1 2 1 , 

1 2 2 , 2 6 1 , 289 
—, destruction, 1 2 1 , 166 , 289 
Liable zone, 206 
Lime (CaOH) 
— analysis, 111 
— in carbonatation, 3 3 0 
— in clarified mud, 131 
—, flocculation, 120 
—, hydrated, 1 1 1 , 318 
—, milk of, 

See milk of lime 
—, oxalate of, 2 6 9 

—, quantity used, 120 , 1 2 2 
— saccharate, 318 

, preparation of, 3 1 9 
— solubility, 113 
— in sugar refinery, 2 9 8 , 309 , 3 1 4 , 356 
Liming 
— of cane juice, 111—117, 119 , 1 2 0 
—; continuous, 130 
- , delayed, 113 , 114 
— of diffusion juice, 117 
—, fractional, 1 1 3 , 1 1 6 
— of hot juices, 116 
- , pH, 1 1 5 - 1 1 7 , 120 , 122 
—, procedure, 2 7 0 
— station, 78 , 1 1 1 , 1 1 2 , 114 , 122 
— tanks, 1 1 0 - 1 1 3 , 115 , 130 , 1 3 1 , 134 , 

136 
, capacity, 114 

Linear regression, 4 7 6 , 477 
Liquid sugar, 451—458 

, ash content, 456 
, — free, 4 5 2 
, bacteria in, 4 5 6 

coolers, 4 5 6 
filtration, 3 8 4 
manufacture, 452—456 
transportation, 457 

, yeast growth in, 4 5 6 
Liquidation 
— continuous clarifiers, 123 
—, rotary vacuum filters, 134 
Liquor (s), 
— carbonatation, 369 , 389 
— clarification, 289 , 321 
- , clarified, 320 , 3 2 3 , 325 , 363 
—, evaporation, 3 9 3 , 394 
- , filtration, 2 8 8 , 367 , 369 , 3 7 2 , 379 , 

3 8 4 , 3 8 8 , 3 8 9 
—, —, in carbonatation, 3 1 4 
—, inversion, 4 5 2 , 4 5 3 
—, screening, 325 
Lixiviation, 5 5 , 78 , 79 , 8 6 , 9 2 , 94 
—, rate, 92 
Loaf sugar, manufacture, 437 
Long-tube evaporator, 163 , 165 , 2 7 3 , 

2 7 4 , 3 9 4 , 395 
, economy of steam, 164 
, heating surface (HS), 165 
, rate of evaporation, 165 

Losses 
— in boiling house, 87 
— in press cake, 140 , 335 
— by inversion, 307 , 5 0 9 
—, mechanical, 509 
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—, paper, 509 
— in raw sugar house, 105 , 3 1 3 , 4 3 2 
— of reducing sugars, 122 
— of sucrose, 122 

in final molasses, 120 
by inversion, 120 , 129 , 509 

— of sugar 
in bagasse, 87 , 5 1 2 
in clarification process, 125 , 126 

—, undetermined, 5, 112 , 509 , 511 

M 

Maceration, 55 , 56 , 77—79, 89 , 5 1 0 
—, compound, 78 
—, with juice, 78 
Machete, 17 
Macrogranulates, 450 , 4 5 1 
—, screening, 4 5 1 
Magflow meter, 477 
Magma 
- , affination, 237, 2 4 1 , 304 , 3 0 6 - 3 0 8 
- , "C" sugar, 195 , 197 
—, excess of, 195 , 198 
—, footing, 1 9 1 , 195 , 196 , 4 3 4 
—, grain size of, 197 
—, high purity, 241 
— of low-grade sugar, 4 3 3 
— preparation, 1 9 1 , 195 , 198 , 4 3 3 
Magnesium, 112 
— oxide, 112 
Magnetic bubble memories, 4 7 9 
Magnets 
—, electro-, 59—61, 63 
—, permanent, 59 , 60 , 4 2 3 
Maillard reaction, 136 , 4 3 4 
Massecuite 
— boiled in refinery or raw sugar house, 

510 
— «A\ 1 9 5 - 1 9 7 
— «Β', 195 
— boiling, 152 , 2 0 2 , 393 
— «C\ 1 9 1 , 1 9 3 - 1 9 5 , 240 
—, calculation from stock, 188 
— in centrifugals, 237 , 4 4 4 
— circulation, mechanical, 193 

, natural, 193 
—, cool , 222 
—, cooling in crystallizers, 195 , 207—209, 

4 3 4 
—, discharge from vacuum pan, 2 1 1 , 218 
—, expected volume, calculation, 188 
—, fluidity of, 209 

—, footing, 1 9 1 , 198 
— formation, 173 

, heat path from metal to , 219 
in loaf sugar manufacture, 4 4 2 , 444 

, low-grade, 1 9 1 , 194 , 198 , 208 , 4 3 4 
- , boiling, 130 , 140 , 194 

• - , ' C \ 1 9 3 , 195 
—, crystallization, 207 
—, discharge troughs for, 218 

, , discharged from vacuum pan, 
207 , 208 , 2 1 1 , 218 

—, false grains in, 184 , 194 , 208 , 
2 0 9 , 4 0 2 

, , impurities, 194 
—, temperature, 194 , 210 

, , mother liquor of, 206 , 207, 209 
—, purging, 2 3 1 , 2 3 2 , 4 3 4 

, , purity, 191 
, , rate of stirring for, 210 

—, reheating, 2 4 1 , 242 
—, smearing, 194 , 196 , 208 , 4 3 4 

in metastable zone, 206 , 207 , 406 
, photographing, 184 
, purging, 210 , 223 , 408 
purity, 202 

, raw sugar, 223 
receiver, 216 

, reheating, 208 , 217 , 219 , 2 4 2 , 243 
, smearing, 194 , 196 , 208 , 4 3 4 
, stirring of, 209 
, supersaturation, 4 0 3 
, temperature, 182 , 192 , 219 , 4 0 6 
, viscous, 217 
, viscosity of, 209 
, volume of, 188 
white sugar, 4 0 3 

Maxwell 
Boulogne weigher, 106 , 115 

— shredder, 56 
Mazu 4 0 0 , 201 
Mealy bug, 15 
Mechanical 
— circulation in vacuum pans, 407 
— filters, 309 , 324 , 3 6 3 - 3 6 9 , 384 , 386 , 

4 3 6 , 4 5 3 
— losses, 

See losses, mechanical 
Meladura, 289 
Melanoidius, 264 
Melassigenic action, 287 
Melt, 
—, clarification, 317 
—, color, 4 8 2 
—, color removal, 317 , 318 
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—, phosphatation, 317 
—, screening, 316 
— treated with lime saccharate, 318 , 3 1 9 

milk of lime, 318 
mono-calcium phosphate, 317 , 
318 
phosphate, 318 
phosphoric acid, 317—319 

Melter 
—, affined sugar, 314 
- , batch, 3 1 4 - 3 1 6 
— in carbonatation, 330 
—, continuous automatic, 314 , 316 
—, ' C sugar, 195 
—, electric motor for agitator, 315 
—, refined sugar, 453 
Melting, 303—316 
— affined sugar, 298 , 3 0 1 , 314 
— washed sugar, 314 , 388 
— water, ash-free, 4 5 3 

, bacterial contamination of, 314 
Metastable zone, 206 

, massecuite in, 206 
Micro 
— -elements (ME), 10 , 11 

organisms, 2 9 2 
— -processor, 467 
Milk of lime, 94 , 111—115 

, Baume of, 112 , 1 1 3 , 115 
, preparation, 1 1 1 , 112 

Mill 
— extraction, 68 
—, grooves, 68 , 72 
—, —, Messchaert, 7 2 , 7 3 , 96 
—, power required, 74 
—, roller setting, 75 
— tandem, 52 , 53 , 68 
Mingler, affination, 304—306 
Mingling 
— syrup (greens), 296 , 304 , 404 
—, with refinery run-off, 4 0 4 
Mixer, centrifugal, 219 
—, centrifugal-feed, 211 
Mixtures formula, 

See Cobenze's diagram 
ML (mixed liquor), 4 6 1 , 4 6 4 , 4 6 5 
MLSS (mixed liquor suspended solids), 

459 , 460 , 4 6 2 , 4 6 3 , 465 
Moisture, 
- , bound, 4 1 1 , 4 2 4 
— in bulk sugar, 246 
— in raw sugar, 288 , 511 
— in refined sugar, 4 1 1 
—, unbound, 411 

Molasses 

—, amount after curing, 2 0 2 
, apparent purity, 1 9 1 , 1 9 2 , 209 , 2 6 1 , 

2 6 2 
, ash in, 2 6 1 , 2 6 2 
bacteriological decomposition, 2 6 4 

, blackstrap, 2 6 1 , 2 6 3 - 2 6 7 , 4 3 2 , 4 3 5 
, —, theoretical yield, 288 
, citric acid from, 267 
, citric acid fermentation, 267 
, Clerget (sucrose), 2 6 2 
, decomposition, 265 
, desugaring, 265—267 
, deterioration of, 264 

dilution of, 301 
, exhaustion of, 1 9 1 , 207 , 208 , 2 6 1 , 263 
, film of, 1 9 4 , 1 9 9 , 292 
, froth fermentation in, 264 
final, 1 9 1 , 2 6 1 - 2 6 7 , 309 , 4 3 1 - 4 3 3 , 
510 

, —, exhaustability of, 261 
, —, exhaustion of, 1 9 3 , 194 , 205 , 207 

-, losses of sucrose in, 120 
, high test, 264 , 265 
ideal formula, 262 

, pH, 2 6 3 , 265 
, pumping of, 263 
, purity, 1 9 1 , 209 , 2 4 0 
, Maillard reaction, 4 3 4 
, sucrose content, 207 
, system of graining on Ά ' grade, 191 
, total sugars, 209 , 2 6 2 , 2 6 3 , 5 1 1 
, viscosity, 219 , 2 6 3 , 264 
, weighing, 263 

Molecular structure 

of different sugars, 3 
of fructose, 4 , 5 
of sucrose, 3 , 4 

Mono-calcium phosphate ( C a H 4P 0 4 )2 · Η 20 ) , 
119 , 317 , 318 

Monofilament polypropylene, 326 
Monosaccharide, 2 
Mosaic disease, 3 
Mother liquor, 173 , 206 , 4 1 2 

, amorphous crystallization, 4 4 2 
of high purity, 4 0 0 

Motor, variable-speed, 183 
Moving sugar t o the bulk terminal, 255 
Moyno pump, 320 
Mud 
—, addition of milk of lime in filtration, 

131 
—, amount of, 1 0 2 , 135 , 136 
—, consistency of, 131 
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— tank, constant-level, 1 3 2 
— discharged from vacuum filters, 335 , 

510 
— filterability, 131 
—, mixing with bagacillo, 8 2 , 1 3 5 , 1 3 6 
— pressing in carbonatation, 334 
—, Rapi-floc process, 130 , 137, 138 
—, thickening of, 137 
- , Nalco D-1940, 137 
—, treatment with poly-electrolytes, 

1 3 7 - 1 4 0 
— weighing, 136 , 5 1 0 
Multiple 
— effect, cleaning, 270—272 

, concentration of juice, 166 
, double, 393 
, drop of temperature, 152 
, entrainment in, 149 , 150 
, evaporation in, 146 , 167 , 170 , 269 
, evaporator, 145 , 163 
, flash in, 146—149, 151 
, heat balance, 1 5 3 , 1 5 4 , 158 
, heating surface (HS), 152 , 160 , 163 , 

393 
, increased capacity, 171 
, juice circulating through the, 149 
, quadruple, 3 9 3 , 394 
, refinery, 3 9 3 , 394 
, scaling, 2 7 3 , 274 
, steam economy, 146 , 1 5 1 , 1 6 1 , 164 
, triple, 1 4 5 - 1 4 7 , 394 
, vacuum in, 145 , 167 

— interpolation, 4 7 9 , 4 8 0 

Ν 

Nash compressor 
for air, 186 
for C 0 2, 336 

— vacuum pump, 141 , 167 
Neva-Clog, 372 
Nitrogen, 7, 8, 11 
Noble cane, 3 
Non-condensable gases, 173 , 176 , 177 

, evacuated from calandria, 148 
, Pipe for, 148 
, withdrawal, 146 

Non-sugar(s), 288 , 300 
—, Maillard reaction, 4 3 4 
— in molasses, 261 
—, removal by affination, 3 0 4 , 307 , 4 3 4 
— in sugar by-products, 4 3 2 

Ο 

Octa-calcium phosphate pentahydrate, 
120 

Oil contamination of boiler feed water, 
279 

Operating standards for factory, 5 1 1 
Organic 
— acids, 120 
— non-sugars, 300 
Osmophilic yeast, 296 
Osmosis, 86 
Over-liming, 115 , 122 , 194 , 264 
Oxalate of lime, 269 

Ρ 

Pancreas, 1 
Pan floor tanks 

, molasses, 186 
, of raw sugar house, 4 3 1 
, storage, 398 

Percolation 
— through bagasse, 87 , 94 , 97 , 102 

bone-char, 375 
granular carbon, 375 

Perforated 
— basket sides, 223 
— coils, 186 , 4 0 3 , 4 3 2 
— pipes, 1 8 2 , 325 , 332 
pH 
— in carbon treatment, 358 
— in clarification, 2 7 4 , 275 
—, clarified juice, 119 , 166 
—, cleaning acid solution, 272 
—, diffusion juice, 90 , 94 
— drop in clarification, 112 , 113 , 122 
—, limed mud, 131 
—, limed juice, 122 
—, liquors, 389 , 4 0 3 , 4 5 3 , 455 
—, melt, 319 
— meter, 115 
—, raw cane juice, 115—117 
— regulator, 115 
—, effect upon sucrose, 509 
—, treated juice, 112 
Phosphoric acid in clarification, 119 , 120 , 

1 3 0 , 2 7 4 
P2O5 
- , available, 113 , 119 , 120 , 317 
—, present in cane juices, 113 , 119 
—, in decolorization, 318 
Pika tablet machine, 438 
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Pilé sugar, 4 4 4 , 445 
Pipes, perforated, 182 , 325 , 3 3 2 
Plant 
— control, 469 
— for continuous carbonatation, 327 
Plantation white sugar, 287 
Plate and frame press 

See filter press 
Plaza, 8, 9 
Pneumercator, 263 
Polariscope, 510 
Polarization, 5 
- , direct, 122 , 2 6 1 , 262 
—, loss in bagasse, 5 1 2 
—, final molasses, 5 1 2 
—, mud, 5 1 2 
— of sucrose, 5, 1 2 1 , 2 6 1 , 262 
Polyacrylamide 
— (Talodura), 289 , 290 
— (Taloflote), 3 4 2 , 343 
Potash, 11 
Powdered 
— activated carbon, 356—359, 363 , 4 0 4 

, use on well-affined sugar, 356 
— sugar, 192 , 4 0 1 , 437 , 4 4 7 , 4 5 0 
Power required for cane-knives, 55 , 103 
Pratt and Whitney numerical drilling 

machine, 4 7 9 
Pre-coating 
— of filter press, 376 , 377 , 384 , 385 , 388 
— pump, 384 , 385 , 388 
Pre-evaporator, 146 , 163 , 277 
—, heating surface (HS), 163 
—, size, 163 
Pre-filtration, 314 , 317 , 318 , 325 
—, sugar liquor, 375 
—, , phosphoric acid—lime treated, 

325 
Pre-heated juice, 147 , 1 5 1 , 154 

, above boiling temperature, 147 , 1 5 2 
Pre-liming, 115 
—, manual, 115 
Press cloths, 333 
Pressed sugar, 438 
Pressure 
—, atmospheric, 4 1 1 , 4 4 5 
— drop in slugging columns, 347 , 348 , 351 
— in evaporators, 148 
— gauge, 4 1 3 
—, hydrostatic, 263 
— vessels, 352 
Principles of Rillieux, 146 , 393 
Prinsen Geerlig's formula, 152 , 2 0 2 
Process 

— data storage, 4 7 9 
— instrumentation, 4 7 6 
Proportioning of liquor and lime in 

carbonatation, 330 , 3 3 4 
Protoplasm, 86 
Pulverized sugar, 447 
Pump(s) 
—, centrifugal, 318 , 369 
—, circulating, 8 9 
- , feed, 280 , 3 8 6 - 3 8 8 
—, injection, 156 , 1 6 9 
—, maceration, 103 
—, metering, 216 
—, molasses, 263 
—, Moyno, 3 2 0 
—, Nash vacuum, 1 4 1 , 167 
—, pre-coat, 384 , 385 , 388 
—, proportionate, 319 , 357 
—, proportioning-, 280 
—, recirculating, 103 , 316 
- , Rota, 199 , 211 
— sluicing, 387 
—, suction, 321 
Pumping molasses, 263 
Purchasing raw sugar (basis), 285 , 286 
Purging 
— of affination greens, 308 
—, double, of ' C sugar, 195 
— of massecuite, 200 , 2 0 1 , 223—243, 

4 3 4 
Pushrake, 17, 34 

Q 

Quadruple effect, 94 , 145 , 147, 1 5 1 , 156 , 
269 , 3 0 1 , 394 

, robbing vapors, 146 , 1 5 3 , 157 
Quality 
— of affined sugar, 303 
— of raw sugar, 1 1 9 , 2 5 4 , 286 , 297 , 298 , 

5 1 2 
— of sugar cane, 5 1 1 , 5 1 2 
Quintuple effect, 145 , 146 , 394 

, steam economy in, 146 

R 

Radio-Shack, 468 
Rapi-Dorr clarifier, 125 , 126 
Rapi-Floc process, 137—139 
Rapisol, 271 
Rate 
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— of cooling, 207—209 
— of crystallization, 194 , 207 , 209 
— of evaporation, 146 , 160 , 162 , 178 , 

194 , 4 0 1 
— of filtration, 309 , 318 , 377 
— of flow, 356 , 359 , 377 , 382 , 385 , 386 , 

3 8 8 , 4 5 5 
— of gassing, 3 3 2 
Ratoon, 7, 11 

ing quality, 6 
Raw sugar, 240—254 

, available, 309 
, affinability, 296 
, affination, 2 9 2 , 298 , 303—308 
, analysis, 288 
, boiling, ' C strike, 193 

, footing strike, 1 9 1 , 1 9 2 
two strikes, 195 
two and a half strikes, 197 
three strikes, 198 , 200 
four strikes, 198 
double Einwurf (triple seed), 
1 9 9 , 3 1 3 

— — — Talisman, 200 
, bulk handling, 245 , 246 
, changes in bulk storage, 255 , 257— 

259 
, clarification in raw sugar house, 303 
, color, 4 8 2 

— -, color removal, 298 
conveyors, 256 
crystal, 1 9 3 , 2 9 1 , 2 9 2 , 295 , 303 

, deterioration, 232 
distribution and handling in 
terminal, 256 
entering refinery, 5 1 0 
filterability, 296 
free from bagacillo, 294 
free from conglomerates, 294 

, grade of, 197, 243 
, hardness of crystal, 191 

house, 285 , 3 0 1 , 303 , 308 , 4 3 1 , 
4 3 4 

, recirculation in, 313 
, keeping quality, 232 
, low purity, 303 
, melting, 2 8 3 , 3 0 3 , 314 

moisture, 2 3 2 , 254 , 292 , 296 
polarization, 2 3 2 , 248 , 255 , 287 , 
296 , 297 , 4 5 1 , 511 

, purchasing basis, 4 4 , 287 , 4 3 2 
recovery, theoretical, 4 3 1 
refinability, 296 
refining methods, 298 

-quality, 1 9 1 , 2 5 4 , 289 , 290 , 
296 

, safety factor, 232 , 2 9 2 , 296 , 5 1 1 

, scales for weighing, 298 
, screening, 296 
, size of grain, 254 , 296 
, weighing, 298 

warehouses, 243 , 246—255, 257— 
259 

, washing in centrifugals, 228 , 229 , 
240 , 3 0 1 , 312 , 313 

, washing with condensate from 
vapors, 2 8 3 

Rebuilding of

 4
C sugar magma, 197 , 198 

Recovery 
— house, 297, 4 3 2 , 4 3 4 , 4 3 6 , 510 
— of sucrose, 191 
— of sugar from scum, 323 
Reducing sugars, 4, 115 , 207 , 2 6 2 , 288 

, preservation in clarified juice, 119 
Refined sugar 

, additional recovery, 431 
, ash content, 3 0 1 , 314 
, bacteria, 4 1 1 
, bulk handling, 4 1 2 
, classifying, 4 2 3 
, color, 295 
, contamination, 274 
, cooling, 4 1 2 

crystallization, 2 9 8 , 4 1 2 
, drying, 411 

filterability, 295 
, granulated, 288 , 4 2 3 , 4 5 2 , 4 5 3 

hardness, 437 
, high quality, 363 

massecuite, 4 3 3 
, melting, 283 

moisture, 4 1 1 
, purging, 4 0 3 

silos, 243 
, theoretical yield, 288 

transfer, 4 5 3 
, various types, 437 
, washing, 301 

Refinery 
—, affination, 298 , 308 
— barrel syrup, 2 6 1 , 435 
— blackstrap, 2 6 1 , 288 , 295 , 4 3 1 , 435 
— boiling system, 433 
— carbonatation process, 326—335 
—, chemical control, 509 
— clarifiers, 363 
—, cooling low-grade massecuite, 4 3 6 
— crystallizer, 4 0 6 
— double effect, 3 0 1 , 394 
—, feed liquor in, 405 
— filtration, 317, 369 , 375 , 376 , 3 8 1 , 384 
—, losses in, 298 
— operated in conjunction with a raw 

sugar house, 285 , 394 
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— phosphatation process, 363 
—, phosphoric acid—lime-treatment, 

298 , 309 , 3 1 4 , 3 1 7 - 3 1 9 , 356 
— producing liquid sugar, 4 5 3 
— remelt station, 4 3 1 
— returns to recovery house, 285 
— run-off, 4 0 6 , 4 1 1 

, purity, 197 , 4 0 3 , 4 0 4 
Refining 
— with activated carbon, 363 
— with granular adsorbents, 300 
— methods, 298 
— quality of sugar, 254 , 285 , 286 , 

2 9 6 - 2 9 8 
Refractometer, 12 , 14 , 510 
Regeneration 
—, filter aid, 383 
- , kiln, 325 
Regression, linear, 4 7 6 , 477 
Reheater, GreenHSmith, 219—222, 230 , 

3 0 7 , 4 3 6 
Relative humidity, 4 2 4 , 428 
Remelt, 431—436 
—, green syrup, 308 
— house, 286 , 4 3 3 , 4 3 4 , 5 1 0 
— massecuite, 4 3 2 , 4 3 3 
— run-off, 4 3 2 
— strikes, 432—434 
— sugar, 2 4 1 , 295 , 308 , 4 3 1 , 4 3 3 , 4 3 4 
Removal 
— of bound moisture, 4 1 1 
— of unbound moisture, 4 1 2 
Resistance reheaters, 219—222, 307 , 436 
Retention t ime 

of juice in clarifiers, 1 2 1 , 1 2 5 , 1 3 0 
of liquor in refinery clarifiers, 320 

Returned liquor, 4 3 1 , 4 3 2 , 510 
Revolving cooling elements in continuous 

crystallization, 208 
Ribbon calandria, 175 , 4 0 0 
Rillieux principles, 146 , 393 
Ring diffuser, 85 , 96 , 97 
Rota 
— filter, 3 6 3 , 373 
— pump, 199 , 211 
Rotary 
— cooler drum, 4 1 3 
— dryer drum, 4 1 3 
Rotex screener, 4 2 3 
Roto-Clone dust collector, 4 2 0 
Run-off 
—, affination, 307 
—, refinery, 301 

Saccharimeter 
See polariscope 

Saccharose 
See sucrose 

Safety factor, 511 
Salting out sucrose in molasses, 207 
Sampling 
— of condensate, 150, 277 
— system, 510 
—, use of conductivity bridge meter, 282 
Sand separator, 45 
Sanitation, 8 2 , 116 
Sapal wrapping machine, 4 4 2 
Saturation 
—, definition, 205 
— point, 205 
—, zones, 206 
Scales 
— for cane, 22 , 23 
— for juice, 115 
— for raw sugar, 298 
Scaling 
— in cooling elements, 2 2 2 
— in evaporators, 113 , 166 , 269—274 
— in heaters, 113 , 268 
— removal of scale by HC1, 274 
Schumann valve, 334 
Screen (s) 
— abrasion in continuous centrifugals, 

241 
— for centrifugals, 209 , 235 , 237 
— conveyor, 91 
—, filter leaf, 370 
— for clarified juice, 124 
—, metallic wire, 370 
—, revolving, 8 2 , 135 
—, vibrating, 8 2 , 135 , 445 
—, wire mesh, 3 7 2 
Screening 
— bagasse, 82 
— conglomerates and lumps, 294 , 400 , 

4 0 2 
— granulated sugar, 4 2 1 
— Instamat sugar, 4 4 9 
— of juice, 123 , 124 
— macrogranulates, 4 5 0 
— of melt, 316 
Screw conveyor, 306 

, Holoflite, 4 2 3 
for massecuite, 211 

, ribbon, 4 3 9 
Scum 
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— from continuous clarifiers, 388 
—, diluted, 325 
— filtration, 323 
— in refinery clarifiers, 320 , 3 2 1 , 323 
—, volume of, 323 
Seabry shredder, 56 
Seeding 
- , full, 4 0 1 
— with sugar powder, 401 
Separan AP-30, 129 
Servo-Balans scale, 106 , 477 
Shredders 
—,Gruendler, 56 
—, hammer mill, 56 
—, Jeffrey, 56 
—, Maxwell, 56 
—, Seabry, 56 
—, Stedman, 56 
Silica, 269 , 333 
Silos 
— for bulk sugar, 247 
— for granulated sugar, 423—425, 4 2 8 , 4 2 9 
- , ABR, 428 
—, Lucks & Co., 4 2 5 
—, Weibull, 425 
Size of conveyors, 256 , 257 
SJM formula, 4 3 2 , 510 
Sludge, 4 6 1 , 4 6 2 , 465 
Slugging column, 348 
Sluiced cake, 324 
Sluicer, twin-head, 373 
Sluicing 
— of leaf filters, 334 , 369 , 373 
— of not completely sweetened-off 

filters, 324 
Slurry 
—, carbon, 356 , 357 , 360 
—, filter aid, 384 
Smearing massecuite, 194 , 196 , 208 , 4 3 4 
SN Titan Superjector, 325 
Soda ash ( N a 2C 0 3 ), 122 , 130 , 358 
Sodium 
— aluminate, 333 
— chloride, 3 6 1 
— hydrosulfite, 201 
— hydroxide, 226 , 227 , 362 
Soft sugars 

from continuous centrifugal, 4 4 9 
, invert sugar content, 4 4 8 , 4 4 9 
, massecuites, 4 4 9 
, moisture content, 4 4 8 , 4 4 9 
, produced in Instamat form, 4 5 1 
, purged on batch centrifugal, 4 4 9 

Solids, dissolved, ratio of chloride, 280 
Solva-Floc BW-40, 378 

Specific gravity 
, difference in, 235 

of filter aid, 367 , 368 
of sugar, 231 

Spider formula 
See Cobenze's Diagram 

Standard—Hersey, cube process, 4 3 8 , 4 4 2 
Standards, operating, in factory, 5 1 1 
Starch, 2 
Static column, 3 5 1 , 352 

, emptying, 354 
, mechanics of transfer, 353 

Steam 
— balance, 152 
— coils, 186 , 314 
— consumption, 91 
— economy, 146 , 147, 152 , 161 
— ejector, 167 , 170 , 173 
— engines, 77 
- , exhaust, 148 , 1 5 1 , 152 , 159 , 1 6 1 , 163 , 

164 , 1 7 1 , 175 , 194 , 240 , 273 , 317, 
325 

—, gauge for, 182 
— required to heat one ton of cold limed 

juice, 117 
- , saving, 146 , 147, 152 , 161 
—, saturated, properties table, 545 , 546 , 

550 
—, —, temperature table, 551 
— trap, 278 , 4 1 3 
— turbines, 55 , 56 , 77 , 278 
Stedman shredder, 56 
Storing 
— and shipping bulk sugar, 245—259 
— tables by program, 4 7 9 
Straight boiling, 398 
Strike 

See massecuite 
Sucrofloc 275 , 129 
Sucrose (saccharose), 2 , 4 , 119 , 120 , 261 , 

288 , 4 3 1 , 4 4 8 , 4 5 2 , 509 
—, adsorption of, 194 
—, deposition of, 208 
—, inversion of, 113 , 120—122, 362 , 393 
— invert ratio, 208 
— polarization, 5, 121 
—, preservation in clarified juice, 119 
— in sugar cane, 2 
Sugar 
—, amorphous, 4 4 5 , 446 
—, available, table, 554 
— beet, 2, 5 
— in blood, 1 
—, boiling, 194 
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- , ' C \ 1 9 1 , 1 9 3 - 1 9 5 
- , caking, 4 1 2 , 4 2 3 , 4 2 5 
— cane, 1 - 3 , 5 - 8 , 10 , 1 1 , 15, 17, 33 , 34 , 

3 7 - 4 2 , 4 4 , 5 1 , 52 , 56 , 58 , 6 1 , 79 , 85 , 
86 , 88 , 9 0 - 9 2 

—, contamination in boiler water, 278 , 
279 , 281 

— conveyor, 224 , 243 
— crystal (s), 4 4 1 

, covered with supersaturated fluid 
film, 4 0 0 

— crystallization, 123 
—, cube, 

See cube sugar process 
—, decomposition of, 4 3 4 
—, destruction, in clarifiers, 116 , 3 2 0 
—, — by overliming, 115 , 122 
— in the diet of man, 1 
—, eliminated by the kidneys, 2 
—, in factory, 6 
—, in field, 5 
—, fondant, 192 , 199 , 398 
—, high-quality, 1 9 1 , 243 
— level, regulation of food intake, 2 
- , liquid, 437 , 4 5 1 - 4 5 5 

, increase of color, 3 2 0 
, high flow of, 388 
, from mechanical filters, 393 
, prefiltration, 374 
, for washing sugar, 437 

- , loaf, 366 , 4 3 7 , 4 4 2 , 4 4 4 
— loss, 119 , 122 , 136 , 140 

, in bagasse, 87 , 509 , 5 1 2 
, in cane wash water, 3 3 , 39 , 44 
, in centrifuged scums, 325 
, in chopped cane, 28 
, in clarifiers, 4 4 
, in filter mud, 4 4 
, in molasses, 4 4 , 196 , 219 , 509 
, in mud cake, 509 

— magma in vacuum pan, 197 
— mixed with clarified juice, 191 
— mixed with water, 191 
—, miscellaneous notes, 1 
—, molecules of different, 4 
—, percentage in Beta plants, 2 
- , PH, 347 
—, pilé, 4 4 4 
- , powdered, 192 , 4 0 1 , 437 , 447 , 450 
—, pressed, 438 
—, produced with bone-char process, 354 
— producing plants, 2 
—, pulverized, 447 
—, reducing, 4 , 115 , 207 , 2 6 2 , 288 

— refinery, 285 
—, soft, 

See soft sugars 
—, solubility, 205 
—, specific gravity, 231 
—, storage, 138 
—, sulfitation, 444 
—, superfine, 447 
—, tablet, 438 
—, Turbinado, 4 5 1 
—, See also granulated, raw and refined 

sugar 
Sulfitation process, 269 
Suma cuitometer, 184 
Superphosphate, 11 
Supersaturation 
—, definition of, 205 
—, degree of, 194 , 208 
—, determination of, 192 
—, increase of, 194 , 208 
—, instruments, 182 , 192 
—, maintenance of, 206 , 207 
— of massecuite, 4 0 6 
— of mother liquor, 208 , 209 , 4 0 2 
— point liquor evaporated t o , 398 , 4 0 1 
— at time of graining, 193 
Surface 
— active agents, 167 , 201 
— evaporation, 4 1 2 
— moisture, 4 1 1 
Surfactant, 340 
Sweco separator, 124 , 4 2 3 
Sweet-water, 44 , 89 , 90 , 9 2 , 286 , 314 , 

354 , 388 , 4 2 1 , 4 3 2 , 4 3 3 
Sweetening off, 3 2 4 , 387 
Sweetland filter, 3 3 4 , 3 6 3 , 3 6 9 , 370 
Sweets, artificial, 1 
Syphon (s) 
—, inverted, 149 
—, waterbound, 149 
Syrup, 285 , 303 
—, corn, 4 5 2 
—, draining by vacuum, 296 
—, golden invert, 4 5 2 
—, invert sugar, 266 
Synthad C-38, 300 

Τ 

Tables for unloading and washing cane, 
3 4 - 3 7 , 54 , 59 

Tablet sugar, 438 
Tail pipe of condenser, 167, 168 , 170 
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Talo clarifier, 3 2 3 , 343 
Talodura, 289 , 290 
Talofloc, 319 , 339 , 340 , 3 4 2 , 345 , 346 
Taloflote process, 339 , 3 4 2 , 3 4 3 , 3 4 5 , 346 
Tandem, 2 1 , 5 3 , 61 
—, capacity formula, 73 
—, classical, 102 , 103 
—, force, feeding rollers, 68 , 78 
—, hydraulic accumulators, 69 , 72 
—, ladder-type roller bearing, 69 
- , mill, 9 1 , 102 , 103 
Tank(s) 
—, carbonatation, 331 
—, feed liquor, 385 , 387 
- , filter, 386 , 387 
—, flash, 120 
—, liquor supply, 4 0 3 
—, melter, 314 
—, pan floor storage, 398 
—, precoat, 386 
—, storage, for liquid sugar, 4 5 6 
—, sweet water, 387 , 388 
—, weigh, 106 , 108 , 109 
—, —, taring, 106 , 108 , 109 
Tare, 2 2 , 1 0 6 - 1 0 9 
Taylor bag filter, 363 
Tate & Lyle Ltd. , 175 , 2 1 5 - 2 1 7 , 2 6 2 , 

288 , 4 0 2 
Temperature 
— of boiling massecuite, 182 , 207 , 210 , 

2 1 9 , 2 2 2 
— in carbonatation, 326 
— in clarification, 120 
— of clarified juice, 151 
— conversion table, 518—520 
— differential, 146 , 147, 1 5 1 , 321 
— in the diffusion process, 86 
— in heaters, 117 
— of injection water, 169 
— of juice, 117 
— of massecuite, 4 0 3 , 4 0 6 
— in multiple effect, 151 
— of tail pipe water in counterflow 

condenser, 167 
— of vapors in counterflow condenser, 

167 
— variation in saturation, 205 
Theoretical recovery of raw sugar, 4 3 1 
Thermal disc processor, 4 2 3 , 4 4 9 
Thermophilic bacteria, 1 2 3 , 186 
Tippler dump system, 25 
Toledo scale, 1 0 8 , 1 0 9 
Tor-Con, 183 
Total sugar (s) 

in clarification, 119—122 

, content, final molasses, 435 
in final molasses, 209 , 2 6 2 , 263 , 511 

Tractor 
—, cart drawn by, 19 , 20 
—, track-laying, 17, 19, 20 
Tramp iron, 58 , 59 , 6 1 , 72 
Transfer stations for cane, 2 1 , 22 , 25 
Transport 
— of cane, 19—22, 29—31 
— system, 20 
— unit, 18, 19 , 23 , 25 , 29 

, dump truck, 25 , 29 
Trash-bar plate, 52 
Tri-calcium phosphate, 119 , 120 
Triple-effect evaporator, 145 , 146 
Turbinado sugar, 4 5 1 

, drying in granulator, 4 5 1 
, moisture content, 4 5 1 

Turbine, steam, 5 5 , 56 , 77 , 278 
Turn-plate, 52 

u 

Unbound moisture, 4 1 1 
Undetermined loss, 5, 112 , 5 0 9 , 5 1 1 
Uniform grain, 184 , 246 , 254 
Unigrator, 57 , 58 
Unit 
— operation control, 4 7 3 
— process control, 4 7 3 

V 

Vacuum 
—, broken, 134 
—, in double-effect evaporation, 394 , 395 
—, filter cake, 136 
- , filters, 4 4 , 9 1 , 132 , 134 , 141 
— pan, boiling in, 197 , 4 0 1 

, boiling capacity, 2 1 1 
, calandria, 173 , 174 , 176 , 177 , 194 
, calibration, 188 
, capacity, 2 1 1 , 5 1 0 
, catch-all, 173 , 4 0 6 
, circulation in, 174 , 1 7 6 — 1 7 8 , 1 9 3 , 

4 0 0 
— —, — of massecuite, 3 9 9 

, circulators, 173 , 174 , 182 , 193 , 4 0 1 
, clarified juice to be crystallized in, 

145 
, cleaning out, 269—275, 407 
, coil, 1 7 3 - 1 7 5 , 3 9 9 , 4 0 0 
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, condensate, 277 
, condenser, 167, 173 
, continuous feeding, 183 
, cuitometer, 184 
, cut-over pipes, 181 
, crystal development, 1 9 1 , 4 0 0 
, ejector, 1 7 0 , 1 7 3 
, evaporation in, 146 , 1 5 1 , 152 , 162 , 

173 , 4 0 1 
, — of decolorized liquor, 446 
, feed liquor in, 177 
, feed tank, 4 0 3 

• —, heating coils, 4 0 3 
, —, distribution, 405 

-, preheating, 4 0 3 
, gauge, 182 
, heating elements, 4 0 2 

• —, in ribbon calandria, 4 0 0 
, heating plates, 173 
, heating surface, 4 0 0 
, heat transfer, 184 
, horizontal Fives Lille-Cail, 173 , 177 , 
4 0 0 , 4 0 1 

, injection pipe for seed, 182 
, injection water, 182 

— pump, 169 
, limit of supersaturation, 4 0 1 
, liquor in, 393 
, lowering vacuum in, 194 
, ribbon calandria, 175 

• —, spacing of the ribbons, 175 
, ribbon ring-type, 175 , 176 , 4 0 2 

, heating elements, 175 , 176 
, scaling, 273 
, Segura, 176 , 177 
, selection of, 178 
, steaming arrangement, 182 
, temperature difference, effect on 
circulation, 4 0 0 

, vacuum control, automatic, 401 
, vapors for, 145 , 146 

— pump, 150 , 176 
, Nash, 1 4 1 , 167 
, for rotary filter, 141 

Valiez filter, 334 , 3 6 3 , 370 , 375 
Valve, 369 , 3 8 5 - 3 8 7 , 389 
—, by-pass, 385 
Vapor 
—,expanded, 166 
— pipes, 170 
— pressure, 4 2 4 
— separator, 165 
— space, 149 
— velocity (speed), 149 

—, volume of, 147 
- , water, 4 2 3 , 5 4 8 , 549 , 5 5 2 
— withdrawal, 146 , 147 , 152 , 154 , 156 , 

158 , 1 6 0 , 1 6 1 
Variable-speed motor (automatic sugar 

boiler), 183 
Vegetable carbon 

See decolorizing carbon 
Velocity 
— of air, 4 2 0 
— of drag chains, 34 
— of juice, 4 5 , 125 , 128 , 149 
— of vapors, 149 
Vibrators, 373 
Volumetric data, 477 

w 

Warehouse for raw sugar, 2 4 3 , 246—255, 
2 5 7 - 2 5 9 

, capacity of, 2 5 1 , 254 
Wash 
— table, 34 , 36 , 37 
— water in affination, 307 , 308 

from condenser, 36 , 41 
, sugar loss in, 3 3 , 39 , 4 4 
, for sugar cane, 39 , 41—43 

Washing 
—, cane 

See cane washing 
— cisterns containing granular carbon 

or bone-char, 388 
— flue gases, 333 
— raw sugar, 

See raw sugar, washing 
Water 
- , boiler feed, 2 7 7 - 2 8 1 , 2 8 3 
— in cane sugar mills, 277—284 
— for condensers, 168 , 169 , 2 8 3 , 301 
— ejector, 141 , 167 , 173 
—, flume, 39 , 4 3 
— in the refinery, 301 
— for steam boilers, 301 
— vapor pressure table, 552 

properties table, 548 , 549 
—, wash, 301 
— well, 168 , 301 
Wax, 33 
Weighing 
— mixed juice, 105 , 106 
— raw cane juice, 105—110 

, Foxboro system, 109, 110 
, Howe—Richardson Scale, 106 
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, Maxwell-Boulogne Weigher, 
1 0 6 , 1 1 5 

, Servo Balans, 106 , 108 
, Toledo Scale, 1 0 8 , 1 0 9 

Westfalia centrifugal, 324 
Wheel tractor, 19 , 20 
Williamson clarifier, 3 2 1 
Windrow, 1 7 - 1 9 
Wrapping machine, 

, Hesser, 4 4 2 
, Sapal, 4 4 2 

Y 

Yeast, osmophilic, 296 

Yield 
—, citric acid, 267 
- , crystal, 196 , 197 , 2 0 2 , 309 , 406 , 4 3 1 , 

4 3 6 
—, raw sugar, 511 
—, refinery, 287 , 288 , 5 1 1 , 5 1 2 
—, theoretical, 232 , 287 , 288 , 5 1 1 

Ζ 

Zinc, 8 
Zone 
— intermediate, 206 
— liable, 206 
— metastable, 194 , 206 , 207 , 209 , 406 


