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A QUANTITATIVE specification of the melassigenic nature of sugar 
syrups is a matter of considerable interest and value to the sugar boiler. The 
olJer concept, which is baseJ upon solubility behavior alone (6) 2, is obviously 
incomplete for it ignores the very significant factor of the finite ;tnu often 
limiting rate of crystallization which is  encountered in practice. Although 
many workers have studied the rates of crystallization of sucrose from pure 
and natural syrups (reviewed in 5 ) ,  they have, in  general, omitteu an exact, 
quantitative definition of the mcJassigenic property. A semi-empirical 
method has recently ( 5 �f) been devised for assigning such a definite, num
erical va lue to this factor for any given syrup. The ohjects of the present 
paper are : 

1 )  to continue the study of the application of this method to natural 
syrups of different types, 

2) to confirm, or not, the general heha vior observed in  previous 
experimental studies, and 

:') by such evaluation of the melassigenic behavior as is possible, to 
provide the beginnings of a classification of syrups  according to 
their crystal lization rate inhibiting powers. 

The melassigenic factor, therefore, is employed in this work with the 
specific implication of the rate inhibiting effect of the non-sucrose sub
stances, or impurities, present. This kinetic interpretation includes the 
solubility factor as contained in the basic rate equation : 

Velocity=k (a- ��a.," t . l 

The substitution of concentrations as molalities, or their equivalent, for 
activities, a, has been found to he satisfactory as a first approximation ( 5 ) .  
I t  has also heen observed that the specific reaction rate constant, k ,  i s  a 
simple semi- logarithmic function of the impurities present ( 5 ) ; and it lS 
this behavior which forms the basis for the me1assigenic rating suggested. 
Earlier workers, while recognizing that "the quantity and character of the 
non-sugars present in the syrups are, in  the last analysis, the predominating 
factors in determining the rate at which sucrose will crystallize from them 
(4) ",  have been unsuccessful in  providing data which lead to a ready 
evaluation of  these factors. 

lSix previous T'>�T'>ers i n  this series have been publ ished Oh; uf \ ... hieh )-f bears the same subtitle 
;,S the present one. 

:lThe n u m  bers in parc- mheses rder to l iterature cited. 

Hol
/�:r��si

.
ttcd in  partiill flll fi l ll1lcnt of the requirements for the M . S .  degree a t  the College of the 

'Present address : Department ()f Chemi�try , Columbia University, New Yor k ,  N .  Y. 
"Present address : Dt:pilrtment of Chemistry, Ohio State University.  Coiumhus, Ohio 
flDepartment of Chcmi/'try, College of the Holr Cross, \Vorcestcr, M�ss . 



PROCEEDINGS-FIFTH GEN ERAL MEETING 1 5 3 

The methou. of evalu;ltion proposcu. in the. present work fl1ay, ncsidcs 
yielding data which may have Jircct application to control practices in indus� 
try, provide information of value in the eventual determination of those 
impurities having the greatest crystalliz.ation inhibiting effect on sucrose . 
The elimina.tion of these substances from syrups, or from cane and beet 
themselves, is conceivable ( 1 ) .  The definition also fulfills the condition 
prescribed by Hungerford (2) in being "A quantitative estimate of crys' 
tallizability-independent of operating conditions-measures crystalliza� 
bility as a property of the syrup itself ." 

Table l . --Source a n d  compmiition of stock molasses. 

l\Iolasses Source 
D'Y 

substance 

1. Refi n er's Blackl'<tr�lp Revere SUgal· Hef!nd·Y j ;) . O ';; 
2. Puprt.o Rican Syrup U n k n o w n  7 4 . 2  

3.  Non-Steffen No. 1 Alma, M i c h . ,  1 !) 4 6 / 4 7  R � L 5  
M i ch igan S u g a r  Co. 

4 .  Non-Stetfen No. C l a rksbul"g, CaIiL, 1946 47 ,'I.;�A 
Arrl(>r. C rystal Sugar" Co. 

5 .  Louisiana 
lllackstrap 

6 .  Steffen No. 1 

7 . Non·Steffen No. 3 

New Iberia, La., 1 9 4 6 / 4 7  
Iberia Sugar Coop . .  Inc.  

Mason City, la . .  H ) 4 6 / 4 7  
AfTler. C,·ystal Sugar Co. 

Chaska. M i n n . ,  1 9 4 6 / 4 7  
A mer. Cryst.al Sug-ar Co . 

..Experintcntal 

True 
purity 

4 1 .9 2 '/r 

6 2 . 5  

(;::1 . 4 5  

6 4 . 1  

:10.:1 
00.0 
6:1 . 1  

Raffinose 
o n  D.S. 

O . () (/r 

2 . �)  

1 .(; 

Massecuites were made up to R molal with respect to sucrose from 
the several cane and beet molasses described in tahle 1 .  This concentration 
happens to be a most convenient one for many natural syrups ; but any 
other definite concentration yields the same results ( '5') -provided, of 
course, that it  is supersaturated to a rea.sonahle degree. The values given 
in the table are true dry suhstance and sucrose by double polari.zatlon : 
although refractive index solids, and single polarization sugar (in the case 
of beet products) , give approximately the same, final melassigenic quotient .  
T h e  rates of adjustment at 3 0  degrees C .  were followed refractometrically 
after inoculating with a fixed amount of seed ( oX Confectioner's to 
crystallizable sucrose=0.47) . The saturation refractivities were taken after 
24 hours ; but it has been observed with many syrups th"t use of the 2 ,hour 
value does not alter the rate curves appreciably, unless the rate is extremely 
slow. In this case a higher sucrose concentration is advisahle to accelerate 
the observations. A plot of the negative logarithm of the fractional refrac�  
t ive index change against the time is a straight l ine over most  of the life of 
the run,  and the slope of this  curve is the specific reaction rate constant, 
k, in  the integrated rate equation : 

In l1o--I1Hflt ·=kt  
n--n � a j  

T h e  velocity constant i s  expressed nlost conveniently relative to that of a 
pure sucrose solution of the same molality. Absolute values of the growth 
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rate may readily be estimated from the previously determined value of 
1 00 g/m"/hr. for pure sucrose at R molal .  This value is almost exactly the 
same as Kucharenko's value ( 3 ) . 

Results a n d  Discussioll 

For sol utions of the same sucrose molality, identical crystal l izing 
surface, etc . ,  the activity theory of crystallization rate suggests : 

log (ReI. Velocity) =iI 

The slope of the relative velocity versus the Impurity, I ,  (as g./ 1 000 g.  
water) curve on semi-logarithmic coordinates, thus defines the coefficient i .  
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which may be considered to be the rnelassigenic factor. Most o f  the syrups 
which have been examined to date confirm this equation in at least an 
approximate way. As a fllinimum, only onc velocity determination is 
required, although at least three are utilized in each of the results repre
sented in figure 1 .  With the exception of Syrup Ill, these curves fall into 
the general pattern demanded by the above expression . If the me1assigenic 
rating suggested in an earlier paper ( 5 -f) is extended to include these 
present data, the following tahle '2 is ohtaincd. 

Table 2.--- R e l a t i v e  mela�si�ellie natll l'C of ";;VI'Ups 

Syrup 

4 .  Non-Stcffen _ 0 . 6  
a. Non-Stcffen _ _  O . R  

Stan dard Cane-' _ _ _ 1 . 0  
( Pure invE'rt Hugal" 1 . 05 1 

I .  Refi ners' bla("kstnlp 1 . 1  
5 .  Lou ig inna blackRtrap 1 . 7  

SteffE'n N u .  2·-' _ _ _ _ _ _  1 .8 

2. Puerto Hiean synlp 1.H 
Cane·'  _ _ _  _ _ _ _ _ _ _ _  2 . 0  
Non�Stetf"'n N o .  1·-' _ _  

2 . 1  
Louisiana C a n e:' _ _  2 . 2  

7 .  Non�Stefft'n a . 7  
SteffE'n No. P _ _ _ _ _  4 . 1  
Non-Stefft'n N o .  2C• 4 . lj 1>. Stetf",n 4 . 7  

===� 
·'Th is n u m ber refers to the designation employed i n  refer('nce 1.5-f f .  

N o  particular classification i s  observed ; but the range i n  values sug� 
gests that the meiassigenic factor, i ,  may have some significance in repre� 
senting the hoiling and crystallizing beha vior of massecuites. The abbrevi� 
atcd methods of the present paper a1so suggest the possihi li ty of practical 
utility. 
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