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ABSTRACT 

The aim of the sugar beet processing is to achieve the highest sugar quality and yield with the lowest energy consumption togeth-
er with the most effective use of equipment and time. After product crystallization is the most important stage. Optimization of crystal 
size during evaporating and cooling crystallization result in reduction of sucrose loss in molasses and improvement of plant opera-
tion. Sucrose loss in molasses is the largest loss in sugar beet factory.In this study measurement of  sucrose crystal size distrubution 
was applied as a tool for control and conducting after product crystallization. The main task of this process is growth uniform crystal 
with correct size in the aim to provide maximum growth rate and molasses exhaustion. The content and size of crystal present micro 
kinetic elements for control and management after product crystallization. 
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REZIME 

U procesu prerade šećerne repe, kristalizacija C - šećerovine je najvažniji process za postizanje visokog iskorišćenja šećera. Na-
kon kristalizacije uparavanjem, primenjuje se kristalizacija hlađenjem  C – šećerovine u kristalizatorima tokom vremena zadržavanja 
dužeg od 40 h u cilju poboljšanja iscrpljenja melase. Količina neiskristalisane saharoze definisana je sadržajem saharoze u melasi, 
što predstavlja najveći gubitak saharoze u fabrici šećera. Optimizacija industrjske kristalizacije u procesu proizvodnje šećera iz repe 
zahteva poznavanje mikro i makro kinetičkih elemenata. Kvocijent čistoće melase uglavnom je određen karakteristikama kristaliza-
cije C – šećerovine, koja zavisi od količine i vrste nesaharoznih jedinjenja, kvocijenta čistoće i viskoziteta C – šećerovine, odnosa 
nešećer/voda, brzine hlađenja i vremena zadržavanja u stanici za produženu kristalizaciju. Ovaj rad obuhvata istraživanje kristaliza-
cije C – šećerovine tokom uparavanja i hlađenja u proizvodnji šećera iz šećerne repe. Sa industrijske tačke gledišta, neophodno je 
uzeti u razmatranje rastvorljivost saharoze i prezasićenost matičnog sirupa, veličinu i sadržaj kristala prisutnih u šećerovini i 
mogućnost sekundarne nukleacije. Ove vrednosti variraju tokom procesa i utiču na iscrpljenje melase. U radu je prikazana primena 
tehnike Kulterovog brojača za kontrolu i upravljanje kristalizacijom šećera iz šećerne repe. Ova tehnika je veoma važna za 
određivanje promena distribucije veličina kristala tokom kristalizacije i doprinosi boljem razumevanju procesa. Rosin-Rammler-
Sperling-Bennetova funkcija je primenjena za evaluaciju glavnih parametara distribucije: srednje veličine i koeficijenta 
ujednačenosti kristala. Funkcija je eksponencijalna i povoljna je za šećere koji nemaju normalnu distribuciju. Distribucije veličine 
kristala tokom rasta kristala zadovoljavaju Rosin-Rammler-Sperling-Bennetovu funkciju. 

Ključne reči: kristalizacija, C – šećerovina, distribucija veličine kristala, melasa. 

 

INTRODUCTION 

In sugar beet and sugar cane processing sucrose crystalliza-
tion is applied as a large scale batch or continuous operation. It 
is an exothermic process, which occures from solutions that 
present complex systems of nonsucrose compounds. Concentra-
tion of nonsucrose compounds and their effect on the sucrose 
crystallization increase from A to B to C massecuite. In industry 
three methods are applied to grow crystals from solutions: eva-
poration, isothermal and cooling (Poel et al., 1998). 

Station for C sugar involves vacuum evaporating crystalliza-
tion of the C (after product) massecuite, desugarizing during re-
tention time in cooling (horizontal and vertical) and reheating 
crystallizers, centrifugation to separate molasses from C sugar 
and affination of C sugar. Supersaturation in evaporating crystal-
lization is obtained by removing water from the solution by eva-
poration under vacuum. Cooling crystallization is based on the 
decreasing sucrose solubility as the temperature drops, i.e. su-
persaturation is produced by removing heat from the crystalliz-
ing solution. The temperature drop is controlled by the flow and 
temperature of the cooling water. Ideally, the rate of cooling has 
to be proportional to the sucrose crystallization rate in order to 

maintain a constant supersaturation in the metastable zone and to 
avoid spontaneous nucleation. Heating of the C (after product) 
massecuite before centrifugation is carried out untill the satura-
tion temperature of the mother liquor. Cooling crystallization has 
most important application in the final stage of the sugar 
process, to maximize the sugar recovery from the final molasses. 

The understanding of sucrose crystal size distribution varia-
tion is an important aspect of crystallization processes. During 
crystallization process, crystal size distribution is mainly deter-
mined by a number of simultaneously occuring phenomena with-
in the crystallizer (Pot et al., 1983). Crystal size distribution of C 
(after product) massecuite  has a significant influence on the 
processes of centrifugation, molasses exhaustion and C sugar 
quality.The current work was targeted towards investigation of C 
(after product) crystallization in sugar beet processing based on 
the measurement of crystal size distribution. 

MATERIAL AND METHOD 

Materials 
Samples of C (after product) massecuite and molasses were 

taken directly from the sugar beet processing in a Serbian sugar 
factory.  
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Sampling of massecuite were carried out after individual 
crystallizers: avaporating, 1st and 3nd cooling and reheating. In 
the aim to evaluate the exhaustion achieved in any stage of C 
(after product) station, nutch filtration was applied for separation 
mother liquor from massecuite. 

Molasses were taken directly after centrifugation of masse-
cuite. 

Methods 

The quality of massecuite and mother liquor was determined 
according to the methods published in the manual for laboratory 
control of the process of sugar factories production (Milić et al., 
1992). The dry substance was measured by a digital automatic 
refractometer (ATR-ST plus, Schmidt+Haensch, Germany). The 
sucrose content was determined polarimetrically by a digital au-
tomatic saccharometer (Saccharomat IV, Schmidt+Haensch, 
Germany). 

Sucrose crystal size and crystal size distributions of masse-
cuite were obtained using Coulter Counter, model ZM, England, 
which is a precise dual threshold, particle counting and sizing 
instrument for materials in the range of 0.4 – 800 µm. This coun-
ter measures number and volume distributions of particles by 
direct counting based on electrically conductivity measurement 
(Grbić and Jevtić-Mučibabić, 2008). For evaluation of characte-
ristic size and uniformity of crystals, Rosin-Rammler-Sperling-
Bennet function was applied (ICUMSA, 2007).  

RESULTS AND DISCUSSION 

Sucrose crystal size distribution is determined by number 
and mass distribution, mean crystal size, uniformity coefficient 
and spread of distribution. Distributions of crystals produced in 
crystallizers during growth followed the Rosin-Rammler-
Sperling-Bennet function.This function is the exponential and it 
is suitable for sugars that do not have a normal distribution.  The 
mean size or equivalent diameter of crystal dRRSB correspond to 
the sieve aperture where it retained 36.8 % or transmitted 63.2 % 
of crystal cumulative mass fraction.            

The results presented in Table 1, indicate at the satisfactory 
crystals growth during cooling crystallization. The growth of 
crystals, from mean size of 290 µm at the inlet in cooling to 
mean size of 400 µm at the outlet of station, was followed by 
improving uniformity coefficient from 2.8 to 3.7. Growing uni-
form sucrose crystals with correct particle size to assure maxi-
mum rate of crystal growth and molasses exhaustion are the 
main task of crystallization. 

 

Table 1. Parameters of the Rosin-Rammler-Sperling-Bennet 
function 

 

Parameter 
C (after product) massecuite crystallization 

Evaporating 
Cooling 

Reheating 
1st stage 3rd stage 

Mean crystal 
size (µm) 

290 300 410 400 

Uniformity 
coefficient (1) 

2.8 2.9 3.2 3.7 
 

Table 2 presents granulometric composition of each masse-
cuite sample. The results showed that during retention time in 
crystallizers, mass distribution maximums shifted to higher val-
ues of crystal size. Carrier of mass are larger crystals. Characte-
ristics of number distributions of massecuite at the inlet and out-
let of the after product station are shown in Figure 1.  During 
crystallization, the content of small crystals was decreased and 
distribution spread was increased. Forming of false grain i.e sec-
ondary nucleation was not occured. Sucrose crystal content and 

crystal size determines the crystal surface area available for su-
crose deposition avoiding the formation of false grain. In the 
case of same crystal content, smaller crystals have more surface 
area than larger crystals. However, small crystals may pass 
throughout the centrifuges’ screen slots and increase the mo-
lasses purity. The mother liquor purity rise in centrifuges de-
pends mainly of the crystal size (Grimwood et al., 2003).   
 

Table 2. Characteristics of crystal number and mass distri-
bution 

 

Crystal size 

C (after product) massecuite crystal-
lization 

Evaporat-
ing 

Cooling Reheat-
ing 1st stage 3rd stage

< 50  
µm 

Number con-
tribution (%) 

74.0 73.2 43.5 15.5 

Mass contri-
bution (%) 

1.7 1.4 0.6 0.1 

50 – 140 
µm 

Number con-
tribution (%) 

17.0 16.9 25.3 31.9 

Mass contri-
bution (%) 

16.6 14.0 4.4 3.3 

140 – 280 
µm 

Number con-
tribution (%) 

8.2 9.1 18.6 32.3 

Mass contri-
bution (%) 

56.3 60.3 24.3 27.3 

> 280  
µm 

Number con-
tribution (%) 

0.8 0.8 12.6 19.3 

Mass contri-
bution (%) 

25.5 24.2 70.8 68.3 

Crystal number > 20
µm /kg massecuite 

19.8 . 

107 
20.0 . 107 2.8 . 107 1.9 . 107

 

In general, a narrow crystal size distribution is considered 
more valuable than a broad, as it has influence on the centrifugal 
separation. The increasing spread of the crystal size distribution 
during time of cooling was a predictable consequence of the 
growth rate dispersion and size dependent growth (Iswanto et 
al., 2007, Grbić, 2009). On average, small crystals grew slowly 
than larger in the same hydrodynamic conditions, because the 
higher supersaturation is required for their growth.  
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Fig. 1. Number distribution curves during crystallization: 1-
evaporating; 2-reheating 

 

Figure 2 presents variabilities of cumulative mass distribu-
tion curves during cooling crystallization.  These curves are use-
ful tools for crystal size evaluation. It is presumed that a 0 % of 
cumulative mass fraction can be achieved for the largest crystals 
and 100 % for the smallest crystals, which is similar to the siev-
ing analysis applications.  
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Fig. 2. Cumulative mass distribution curves during crystalliza-
tion: 1-evaporating; 2-reheating 

 

In Table 3 characteristics of massecuite and molasses are 
presented as daily average. During evaporating crystallization 
difference between purity of massecuite and mother liquor was 
11.8 %, while during cooling it was continued until a total of 
18.40 %. 
 

Table 3. Quality of C (after product) massecuite and mo-
lasses 
 

Parameter 
Evaporating crystallizer 3rd Cooling crystallizer

Molasses
Massecuite 

Mother 
liquor 

Massecuite 
Mother 
liquor 

Purity (%) 77.80 66.00 77.58 59.40 59.90 
 
 
 

Content and composition of nonsucrose compounds deter-
mine solubility of sucrose and minimum value of molasses puri-
ty that can be achieved under optimal conditions during cooling 
crystallization (Grbić and Jevtić-Mučibabić, 2010, Grbić et al., 
2011). The molasses purity is mainly determined by the perfor-
mance of the after product massecuite crystallization, which de-
pends on: the quantity and type of the nonsucrose, the purity and 
viscosity of the after product massecuite, the cooling rate and 
retention time in the crystallizers (Schick et al., 2003).  

Process of the after product cooling crystallization is very 
complex. The cooling and crystallization rate are dependent on 
the supersaturation, the nonsugar/water ratio, the purity, temper-
ature and viscosity of the mother liquor, the crystal content and 
viscosity of the massecuite. 

It require applying of program for control and conduction 
with aim to find optimum operation conditions. The input para-
meters of this program are: sucrose solubility in molasses, vis-
cosity of molasses, viscosity of massecuite in the minimum cool-
ing point, crystal size of massecuite and purity of C sugar. Pro-
gram provides datas as: nonsugar/water optimal ratio of masse-
cuite, water quantity for massecuite dilution, minimal tempera-
ture of cooling point, calculated purity and expected processing 
molasses purity, dry matter content of molasses during centri-
fugal separation. 

CONCLUSION 

In the present work C (after product) crystalllization in sugar 
beet processing were investigated. Coulter Counter method were 
applied for determination number and mass distribution and den-
sity population. 

 

Findings indicated that growth of crystals during retention time 
in cooling and reheating crystallizers were followed by improv-
ing size uniformity. Mass distribution maximums shifted to 
higher values of crystal size. Carrier of mass are larger crystals. 
The content of small crystals was decreased, that is satisfactory 
from aspect of separation molasses during centrifugation and 
quality of C sugar. The increasing spread of the crystal size dis-
tribution during time of cooling was a predictable consequence 
of the growth rate dispersion and size dependent growth.  

Crystal size and crystal size distribution are very important 
parameters to be determined. They are included in program for 
optimization cooling conditions with aim of reduction sugar loss 
in molasses. 
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