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The need for knowledge of the crystallizing qualities of the 
sugar-end liquors has long been recogllized, for crystallization 
rates are important controlling factors in the economics of sugar 
production. Information relative to the crystallizing character­
istics of liquors in process would greatly assist operators in main­
taining maximum extraction. This project was initiated for the 
purpose of developing and testing a laboratory method at the 
factory level for estimating crystallization rates and to study the 
effect of nonsugars on crystallization rates. 

Fundamentally the rate of growth of crystals in the mother 
liquor can be determined either by measurement of changes in 
crystal size or weight, or indirectly by the measurement of changes 
occuring in the mother liquor and calculating such changes as 
crystallization. Both methods are in common use. A method 
for control purposes, however, imposes the following; limitations: 

1. The method must be rapid enough to allow the use of the 
result while the liquor is still available. 

2. The method must be simple enough to be performed by 
the ordinary laboratory technician. 

3. The method should require a minimum of additional 
laboratory space and equipment. 

Of the various procedures which were considered, those which 
involve the measurement of changes in th e mother liquor seemed 
to offer the greatest possibility of succeeding at the factory level. 

The refractometer offers a suitable means of observing changes 
in concentration of a supersaturated sample of liquor under­
going crystallization. The observed changes in concentration 
when made with respect to tim'e can be used as a comparative 
indication of the crystallization rate of th e liquor. This principle 
has been used by several investigators, among them Van Hook 
(1) 2. Harris et. al. (2), and Rorabaugh and Norman (3). 

Van Hook has proposed a procedure (1) for determining 
crystallization velocity and mellassig-enic characteristics of liquors 
through the use of the refractometer. The method is reported 
to ~'ive values which compare favorably with the accepted data 
of Kucharenko. The method adopted for our own studies in 
crystallization is the Van Hook procedure modified and simpli­
fied into a possible control method. This modification, while it 
does not result in an estimate of the absolute crystallization 
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method 

yel as is p()s~ihlc from Van HooK Procedure, clues pro­
\a lues to he lIsed for 

lS Iy described as follows: 

1..From or double acid true cll'tl'rminat-ions or 
liquors that calcllia amounts ()f pure 
sucrose and water arc added 10 til(' liquors to adjust purity and 
solids concentration to standardized \·;dues. Final adjustn1C'lIt 
or solids content can be made water addition or e\'a p()ra­
tion. fhe concentration place the at a supcr­
saturated level of between 1.1 and 1,2 when as follows: 

Ratio or Sucrose to \Valer 
S= 

Ratio of Sucrose to \Vater in saturated solution at the 
same and 

of supersaturation 
2. Each cooled to 20° C, and VIvo to four gO gram 

al hom each are into test tubes. Each 
al IS seeded "'ith stock fondant sug-ar, amounts 

01 total Sllcrose \\' i th 
used for each al 

mixed '" h iell es-
The aliqll()t.~ are sea at C. nntil 

the which may be taken from ,)() to 120 

conditions chosen. "10 crystals have been observed to settle out 
for crystallization periods lip to two hours; thereforI', it is not 
necessary to the slurry after the initial In ()j seed 
and 

At the end of the designated time a thick ~1ncar of the 

and the amount 
the I11mllllllm time 

differences between samples for tile 

seeded 
and the 

4. The 

bet.ween the of the relractometer 
direct] . 
are made Irolll the follow formula: 

(;,,-C
lization Rate IOO() 

Orig-inal gTams total solids per 100 
grams water. 

c Final concentration, grallls total per 100 
g-rams of water. 

T Total time in minutes. 

~ ~umbcTs in parentlies.es 

http:parentlies.es
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The results will be the average milligrams of sugar crystallized 

per 100 grams water per minute. 

The results from tbe aliquots are averaged to give the sample 

value. 


For true comparisons between samples, the factors of start­
ing purity, starting total solids concentration, amount of seed , 
lime, and temperature must be maintained accurately constant. 

The Bausch and Lomb Precision Refractometer is satisfactory 
for the purpose of this method. However, some experience is 
reg uired to make an accurate concentration determination by 
direct reading method. The test temperature of 20 ° C. was chosen 
to correspond to the normal refractometer operating 'temperature 
coincident "vith thermostating the seeded aliquots in the re­
fractometer water bath. 

The total time requirement for this procedure will vary 
with the characteristics of the original liquor which requires 
purity and concentration adjustment, and the length of the 
crystallization period. Starting with molasses of known purity 
and concentration and using granular sugar to adjust purity, 
about two hours are required to prepare the material for crystal­
lization. To obtain significant concentration changes in one 
hour or less, the purity of the samples should not be less than 
about 85 percent true purity. It is believed that at the factory 
level the total time for the determination can be reduced to 
about two hours. 

Application of Method 

This procedure was used by Central Laboratory to compare 
crystallization rates of liquors from The Amalgamated Sugar 
Company's factories during the 1956-57 campaign. In this case, 
weekly molasses composites were adjusted to 85 purity, ane! 74.1 
RDS. The seeding ratio was 0.3 percent seed on sucrose present 
and crystallization was allowed to proceed for 60 minutes at 20° C. 

The results for all factories operating over 100 days (on 
storage beets after about the fi.rst 30 days) showed a steady de­
cline in crystallization rate as the processing period progTessed. 
Also, observed results for strai,ght house operations consistently 
showed higher velocities than their adjacent Steffens house oper­
ations. Figure 1 is typical of these data . 

The level of certain impurities in the liquor was followed 
along with the crystallizing quality tests, and it was of particular 
interest to note that the decline in crystallization rate was ac­
companied by a general rise in raffinose content. This is also 
demonstrated in Figure 1. 
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Figure I.-Crysta llization rate and ra££inos,e content of adjacent Steffens 
house and straight house factories. 

This lead to further studies involving raffinose in which a 
sample of liquor from one facto ry, having a low raffinose con­
tent, was adjusted to the raffinose level of a sample from another 
factory which 'was higher, and the crystallization rates then com­
pared. Table I shows the results of several of such tests. 
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Table 1.-COInparison of Crystallization Ra tes of Liquors from Different Factories and 
th e Same Liquors with Equalized Raffi nose Content. 

Factory A Factory B Factory A 
Test (Original ) (Origi na\ ) (Adjusted) 

I. R a ([inose. % on RDS 

Crystallization R a te'" 

0.85 

65 

2.15 

33 

2.15 

26 

2. Raffinose, % on RDS 

Crystal! iza lion Rate" 

1.03 

58 

2.25 

23 

2.25 

2 1 

3. Raffi nose . % on RDS 

Crystalli zation Rate* 

1. 24 

63 

2.2 1 

23 

2.25 

29 

"mg. sucrose/ IOO water/ minute 

This proced ure was a lso used to compare the individual effect 
of various impurities on tbe crystallization rate of sucrose solu­
tions. Th e impurities were added in the amount of 0.5 grams 
per 100 grams of sucrose to make a supersaturated solution of 
70.6 percent solids. Crystallizat ion rates of these solutions were 
com pared with the crystallization rate of a pure sucrose solution 
aL the same tota l solids concentra tion. These results are shown 
graphically in Figure 2. The orcler of magnitude of the melass­
igenic effects exhibited here com pares favorably with the work 
of others (3) except in the case of betaine. 
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Figure 2.-Velocity ratios of crystallization for pure and impure slicrose 
solutions. 
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Summary 

A method for determining crystallization rates of beet sugar 
house syrups and the effect of specific impurities on crystalliza­
tion rate is presented. 

The essential procedure involves a determination of true 
purity of the syrup, adjustment of purity and solids concentra­
tion to standardized values; and finally , determination of com­
parati ve crystallization rates of the standardized syru ps by use 
of a refractometer. The time required for the procedure is ap­
proximately two hours under ideal conditions. 

Crystallization rates of weekly molasses samples for the 1956-57 
campaign indicates a decreasing crystallization potential as cam­
paign progresses and correlates highly with increasing raffinose 
content. 

The effect of specifi.c impurities on crystallization ' rate has 
been determined and agrees, with minor exceptions, with other 
investigations. 

Experiences in the use of this refractometer procedure indi­
cate that it has good possibilities of succeeding as a factory con­
trol method. Further refinements are under consideration which , 
it is hoped, will make the method even more acceptable for this 
purpose. 
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