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National University for Food Technologies 
occupies the leading position in the develop-
ment of the technological innovations in the 
beet sugar production in Ukraine. Recently the 
researches on the development of the new tech-
nologies for extraction, purification and crystal-
lization of saccharose have been carried out in 
National University for Food Technologies [1, 
4-14. 18-24]. 

Crystallization 
During the last four years which have passed 
since the 21st General Assembly of CITS the re-
searches in the fields of the theory and practice 
of the saccharose crystallization have got their 
further development. We have established the 
reason for the non-central recrystallization of 
saccharose under the conditions of massecuite 
boiling in vacuum-pans which is based on the 
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Fig. 1: Thermal conductivity problem for three fields 
with ideal thermal contact between them 

interaction between the bubbles of the pro-
duced secondary vapor and the massecuite ele-
mentary cells. 

While considering the volume cellular mod-
el of the cooperative growth and dissolving of 
the disperse phase particles at the example of 
the sugar massecuite, we have come to the 
problem of determining the temperature change 
in the solution of two neighboring cells of the 
different sizes at their simultaneous contact 
with the vapor bubble [1]. At the initial time of 
the contact the vapor bubble temperature differs 
from the temperature of the cell solution where-
as the solution temperature in both cells is 
equal. As a result of it this problem will be con-
verted into the thermal conductivity problem 
from the mathematical physics, which is a non-
stationary problem of parabolic type (heat and 
mass exchange) [2, 3]. One can find the solu-
tion of this problem mainly only for the fields 
of the canonic geometry. In this connection we 
have come from the volume thermal conductiv-
ity problem to the one-dimensional problem for 
three contacting fields [4]. 

Using the found solution of the nonstation-
ary problem of the temperature change in one-
dimensional restricted field with the boundary 
conditions of the second type for three individ-
ual problems for the left, middle and right fields 
we have obtained the temperature distribution 
in every of the considered fields. 



Fig. 2: Selection of the sectors in the network model 
which participate in the heat exchange process between 
vapor bubble and the cells 
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Fig. 3: Temperature behavior u(x,t) in the left 
(-7,0x10" 5<x<0 m, sugar solution of /-cell), middle 
(0<x<3,38xl0 3 m vapour phase) and right (3,38*10 3 

<x<3,44*10 3 m, sugar solution of/-cell) fields 

As a result of this we have found the desired 
functions of the heat streams m,(t) and m2(t) at 
the boundaries of the left and middle, middle 
and right fields, respectively, between which 
the ideal thermal contacts take place [4]. 

The solution of the heat exchange problem 
[4] has been done for the network model of the 
sugar massecuite although the obtained analyti-
cal solutions of the thermal conductivity prob-
lem can be used for rather wide range of the 
various disperse systems under the condition of 
their compliance with the certain terms. 

As it is difficult to consider the influence of 
all factors on the heat exchange process, which 
takes place between the vapor bubble and the 
solution cells (Fig. 2) during the whole cycle of 
massecuite boiling, we have made some as-
sumptions [4]. 

Let us select a sector in every cell which 
will participate in the heat exchange process 
with the neighboring cells (Fig. 2). 

On the base of the theory about sugar solu-
tion distribution in the massecuite in proportion 
to the sugar crystal surface area [5] and with 
knowledge of the sugar solution volume V0, 
which surrounds every crystal at the seeding 
moment, we have obtained a relation for deter-
mination of the volume of the sugar solution 

surrounding the sugar crystals of the radiuses 
rcri and r ., radiuses of the vapor bubbles r 
and massecuite cells. Based on that, the transi-
tion to the equivalent linear dimensions of the 
linear model has been made [4]. 

For example, for the conditions when Г, = 
T} = 80 °С, T2 = Tvap = 60 °С, rcri = 2,5x10 4 

m, rcrj = 1,25*10 4 m, 50 = 2,0* 10~4 m and 
rvUp ~ 4 Х Ю 3 m, that corresponds to the work-
ing pressure in the vacuum-pan p=2,0*104 Pa 
and time period xlxc = 0,5, the temperature be-
havior of the cells, shown in Figure 3, has been 
established [4]. 

The graphs of the obtained time dependence 
for the average temperature of /-cell and aver-
age temperature of j-cell are given in Figure 4 
(the values of the coefficients I,, l} and a,, a , are 
taken for the relative boiling time т / \ = 0,5). 

The temperature change of the sugar solu-
tion in /- andy-cells at their contact with the va-
por phase is shown*in Figure 5. Such tempera-
ture difference, in its turn, causes the change of 
the mother liquor concentration in /'- and /-cells 
by the different value proportionally to the tem-
perature change in each cell that being the con-
dition for the recrystallization process. 

As one can see from Figure 5, the efficiency 
of the vapor phase influence on the temperature 
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Fig. 4: Change of the average temperature и,(ґ) in the Fig. 5: Change of the temperature w, (0,1275) of the sug-
left (sugar solution of /-cell) and м,(г) in the right (sugar ar solution in /-cell and «Д0,1275) of the sugar solution 
solution of./-cell) fields iny-cell depending on period of the massecuite boiling 

cycle т/т 

change in both cells increases from the begin-
ning up to end of the boiling process. That can 
be explained by the massecuite physical charac-
teristics change during the boiling process. At 
the same time, according to the data given in lit-
erature [6], the volume heat stream in the exist-
ing vacuum-pans decreases from the beginning 
up to the end of the boiling cycle. This situation 
calls for expediency to intensify the heat ex-
change during the boiling process in a progres-
sive way. 

The approximating dependence has been 
found as well to calculate the temperature 
change of the sugar solution in the massecuite 
cell (on the base of the temperature change in 
the larger i-cell) : 

Au,(x/TC) = 0,001944 (17,090762 - e ^-763284 l , K) 
(1) 

with the correlation coefficient r = 0,99889860 
and 8 mean-square deviation S = 0,00003183. 

On this basis we have proposed the method 
of saccharose crystallization process intensifi-
cation because of recrystallization process tak-
ing place in vacuum-pan. This method will al-
low to increase the heat exchange during the pe-
riod of the volume heat stream decrease. 

Solution of the heat exchange problem al-
lowed us to carry out the mathematical mode-
ling of the mass exchange process between two 
cells of the sugar solution (i- and /-cells) during 
the effective time of their contact with the vapor 
bubble [1,4, 6]. 

Due to the different saccharose solubility 
with the temperature the sugar solution concen-
tration distribution in the cells will be different. 

The function of the mother liquor concen-
tration in the i- andy-cells will be specified as 
C,(x,t) and C^(x,t), respectively. These func-
tions depend on two variables - coordinate л* 
and time t. Each of these functions will change 
in a certain range : 
C,(x,t): (-1/ <x <0, t> 0), where Ї , = ГSi; 
C2(x,t): (0 <x <//, t > 0), where V2 = l'8j. 

Owing to the fact that at the heat exchange 
process between the vapor bubble and the sugar 
solution cells and between the sugar solution 
cells themselves the contact boundaries of the 
taken into account cells are different, the ques-
tion about equivalence of the dimensions I ' , 
and / r e q u i r e s to be investigated further. 

If we apply in this case (similarly to [4]) the 
method of the sector selection for two sugar so-
lution cells (Fig. 6) , then the equivalent linear 
dimension I ' j of /- sugar solution cell, which 
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Fig.6: Selection of the sectors in the cellular model 
which participate in the mass exchange process between 
/- and /-massecuite cells. 

Fig 7: Problem of the diffusion mass exchange for two 
fields with the boundary conditions of the second type 

participates in the mass exchange process with 
the neighboring massecuite cell, will be deter-
mined in an analytical way. 

We have assumed that the diffusion mass 
exchange between the massecuite cells (Fig. 7) 
takes place according to the ideal law (bounda-
ry conditions of the second type) (let us identify 
the stream function of the diffusion mass ex-
change as j(t)). 

under the condition that the function of the dif-
fusion stream is 
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where xk (k>l) - the positive roots of the equa-
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where Dt, D2 - coefficients of the molecular 
diffusion for i- and /-cells, m2/sec, respectively. 
Taking into account that the problems of the 
heat exchange and diffusion mass exchange be-
long to the same class of the differential equa-
tions (of the parabolic type) the desired solution 
will be: 
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As one can see from (3)-(4), the sugar solution 
concentration C2 (x,t) in /-cell exceeds those Сl 

(x,t) in /-cell. This is a precondition for the sac-
charose molecules transfer from the sugar solu-
tion of the smaller cell to the solution of the 
larger cell, i.e. for recrystallization process. 

Variety of the systems for 
multi-stage saccharose crystal-
lization requires the universal 
method for their comparative 
evaluation and optimization 
with the aim to reduce the spe-
cific energy consumption, in-
crease the sugar yield and im-
prove its quality. The usage of 
simulation technique and the 
analytical optimization meth-
ods with application of the 

d t, (3) 

(f-r) 
dx (4) 
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Fig. 8: General view of the technological object (at the 
example of the sugar house) 

Fig. 9: Stream-oriented weighted graph for the general-
ized equipment - technological scheme 
1 evaporation station; 2, 7, 8, 13, 14, 23 tanks; 3, 9, 15 
vacuum pans; 4, 10, 16 massecuite mixers; 17 crystalliz-
ers; 5, 11, 18, 21 massecuite distributers; 6, 12, 19, 22 
centrifuges; 20 affination mixer; 24 conveyor; 25 melter. 
The graph vertices and arches which can be eliminated 
are marked with the dashed line. 

computer technologies is one of the latest ap-
proaches at solution of this problem. 

The imitation model of the industrial multi-
stage saccharose crystallization process has 
been proposed which allows to determine the 
most effective equipment-technological scheme 
of the sugar house and optimize the product 
streams and methods for massecuite processing. 

As to the beet sugar production, each crys-
tallization stage has been considered as an 

individual object of the technological proc-
ess (Fig.8) where a part of the outputs from the 
previous stage are the inputs for the next one 
[1]. 

Taking into account that the process of the 
industrial saccharose crystallization occurs with 
recirculation of a part of the products, this proc-
ess has been considered as a recirculation one 
with further processing of the unreacted raw 
material. The recirculates identify the feed-
backs of the object. Consequently, exactly the 
feedbacks change (direction of the product 
streams) and intake or elimination of the simple 
objects allow to simulate the operation of the 
sugar house systems. 

Besides the feedbacks changes in the 
object the control parameters have been 
changed at simulation. The control parameters 
include the temperature of the massecuite cen-
trifuging, water quantity for sugar washing, sat-
uration and supersaturation coefficients, sac-
charose solubility and others. 

We have decided to develop a model which 
could give a possibility to study the recirculates 
influence on the products characteristics in the 
system beginning with their entering into the 
steady state up to the streams direction change, 
relationships between the product streams and 
exiting parameters at the sugar house operation 
in a steady state. With this aim we have plotted 
the stream-oriented graph for the generalized 
equipment-technological scheme of the sugar 
house in the sugar factory (Fig. 9). 

The process that takes place in every appa-
ratus has been considered from the point of 
view of mixing and separating of the product 



streams. Every simple object has the input X 
and output Y product streams, represented as a 
functional Y = F{X). 

The necessary operations and functions 
(product algebra) have been set in order to de-
termine the weight massifs (product character-
istics). 

We have developed the mathematical mod-
els for every technological object in the equip-
ment-technological scheme of the sugar house 
using the established dependences. 

The material balance of the ^-object in the 
scheme can be presented in the following way: 

t c y = £ c ( « J (7) 

j=l ы 

where 

weight massifs of the input and output 
c(ujk) streams of the /-object, respectively; 
/ number of streams entering the /-object 

(inputs); 
p number of streams leaving the /-object; 

product sums are calculated in accord-
ance with the relative formulas. 

We have distinguished two concepts, i.e. "turn-
over of calculation" and "cycle of calculation" 
in order to describe the process dynamics. 

This approach allowed us to establish such 
sequence of calculation that can simulate the 
feedbacks in the technological scheme of the 
multi-stage saccharose crystallization taking 
into account the return of the products in the re-
cycle at each turn-over which definitely corre-
sponds to the real industrial process. In other 
words, the feedbacks are determined by the re-
circulation of the products in the industrial sac-
charose crystallization schemes. 

On the basis of the proposed model we have 
developed the computerized program for carry-
ing out the imitating calculation experiments. 

With the help of this program we have ana-
lyzed the influence of the feedbacks on the 
characteristics of the produced sugar and inter-
mediate products. 

Considering the remelt as one of the feed-

backs one can see that it influences in different 
ways on the commercial sugar quality under the 
condition of the different thick juice purity. If 
the specific thick juice purity qTCspec = qSL / qTC 

(standard liquor purity/thick juice purity ratio) 
more than 1 (qTCspec > 1), then feedback influ-
ences positively and if qTCspec < 1 - negatively. 

The performance parameters of the sugar 
house depend on the method for processing the 
products of the last crystallization stage. The 
positive feedbacks which get involved with the 
after-product sugar affination, intermediate 
centrifuging, usage of the affinated massecuite 
as a crystalline base influence the quantity of 
the produced commercial sugar substantially, 
reduce the specific quantity of the evaporated 
water) and decrease molasses quantity and its 
purity. 

On the basis of the stream-oriented graph of 
the imitation model developed by us for the af-
ter-product crystallization stage scheme with 
the intermediate centrifuging (Fig. 10) we have 
determined three variants of the massecuite 
boiling and crystallization processes according 
to this scheme: run-off from the intermediate 
centrifuging is directed to the crystallizers; run-
off from the intermediate centrifuging is direct-
ed to the vacuum-pan during the next turn-over; 
run-off from the intermediate centrifuging is di-
rected to the vacuum-pan at the same turn-over 
for the further boiling. The results of the studies 
show that the maximum effect can be reached 
when the scheme operates according to the last 
variant. 

We have developed the mathematical model 
for calculation of the optimum quantity of the 
recirculating intermediate run-off resulting 
from the partial centrifuging of the after-prod-
uct massecuite: 

U-bf * 

f(x)=ae~ < (8) 

where: 

f(x) quantity of the after-product massecuite 
for intermediate centrifuging; 

a, b, с coefficients. 
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Fig. 10: Stream-oriented graph of the imitation model 
for after-product crystallization scheme with use of the 
run-off of the intermediate centrifuging of the after-
product massecuite for boiling 

l after-product vacuum pan; 2, 7 massecuite distribu-
tors; 3, 8 centrifuges; 4 tank for run-off from intermedi-
ate centrifuging; 5 receiving massecuite distributor; 
6 crystallizers; 9 conveyer; 10 molasses tank; 

XI commercial sugar run-offs; Y1 after-product sugar 
for affination and melting; Y2 molasses 
Run-off of the intermediate centrifuging is directed into: 

crystallizers; 
vacuum pan in the next stage of boiling; 

_ _ vacuum pan at the same stage of boiling. 

The results of the calculations obtained with 
the help of relationship (8) and experiments 
have proved the adequacy of the model to the 
experimental data (Fig. 11). 

The results of the presented studies allow to 
identify the optimum equipment-technological 
schemes of the sugar house taking into account 
the production conditions. 

Electrical treatment 

Technological innovations based on the effect 
of the electrical field on the raw material and 
sugar products have been developed and pro-
posed [13, 14, 17, 18], namely: treatment of the 
juice-cossettes mixture before the extractors; 
electroplasmolysis of the brocken sugar beet 
and beet tails; purification of the industrial sug-
ar solution by means of electrofiltration; electri-
cal saccharose inversion; electrical and magnet-
ic treatment of the sugar syrups and masse-
cuites. The mathematical models describing the 
mechanism of the electrical field effect on de-
struction of the sugar beet cells have been pro-
posed. The optimum parameters of electroplas-
molysis process have been established. 
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Fig. 11: Relationship between commercial sugar quantity "m" (a) and its purity "</v" (b) and quantity of after-
product massecuite for intermediate centrifuging "G" at the various thick juice purity: 
1 qTC = 89%; 2 q = 90%; 3 <7 =91%; 4 q - 92%; 5 q= 93% 



Two main mechanisms of 
the electrical field effect on the 
sugar beet tissue have been 
specified - nonthermal and ther-
mal. Nonthermal mechanism 
can generate the selective plas-
molysis of the sugar beet cells 
at the microlevel, practically not 
causing the medium heating. 

On the other hand, passage 
of the electrical current through 
the high-conductive sugar solu-
tions inevitably gives rise to 
their ohmic heating. Ohmic 
heating provokes the destruction 
of all components of the techno-
logical medium at the micro-
and macrolevels. 

The peculiarities of the pores appearance 
and their dynamics in membranes at plasmoly-
sis of the sugar beet allow to explain the most 
completely the electyroporation theory .The 
electrical field E polarizes the membrane, in-
duces the surface charges at the interface "wa-
ter-lipidic bilayer" and causes the appearance 
of the maxwell tension which is quadratically 
through the field. In the presence of fluctuation 
pore the electrical field creates the polarization 
charges at the membrane edges that will cause 
the pore radius increase . 

The membrane destruction in the external 
field is possible in those case when the time of 
field influence exceeds the time of membrane 
existence in the electrical field that depends on 
the transmembrane potential. One should notice 
that electroporation can be reversible, i.e. the 
pores can disappear at turning off the external 
field. 

The kinetics of change of the cells destruc-
tion degree (plasmolysis) in the sugar beet tis-
sue is determined by the processes of the cells 
resiling, mass transfer of moisture and can de-
pend on the biological cells distribution func-
tion, tissue structure, its space inhomogenity 
etc. For the cells membrane the long lasting re-
siling phenomenon can be associated with the 

Fig. 12: The industrial plant for the electroplasmolisis of juice-cossettes 
mixture: 1 power unit; 2 clcctroplasmolizator. 

presence of the mosaic structure in the configu-
ration of the cells membranes . The ability of 
the cells membrane to resiling is determined by 
the value of the field intensity E and time of its 
action tr At the relatively low E or tt the com-
plete resiling will be observed, i.e. after turning 
off the field the destruction degree P will de-
creased practically to zero. On the other hand at 
increase of E or t. uncomplete resiling can take 
place which can be short or long lasting. 

Among the main directions for the practical 
application of the electrical treatment the steri-
lization with the impulse fields of the high in-
tensity (£>10000V/cm, impulse length ti ~10"6 

...10'5 s), electroplasmolysis in the moderate 
electrical fields (100<£< 1 OOOV/cm, impulse 
length tj ~10"5 ...10"1 s) and the ohmic heating 
in the fields of the low intensity (£<100V/cm) 
can be named during the last years. 

On the base of the obtained theoretical and 
practical results describing the mechanisms of 
interaction of the electrical fields with the cells 
structures of the s u ^ r beet tissue the technolo-
gy and arrangement for electric-impulse treat-
ment of the sugar beet cossettes and juice-cos-
settes mixture before the diffusion apparatus of 
the sloped and tower types and electrical treat-
ment of after-product massecuite have been 
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Fig. 13: Isothermes of colour matter adsorption by palygorscite (1), 
separated glauconite (2), natural glauconit (3) and calcium carbonate (4). 

proposed. This technology and apparatus have 
been successfully tested in several Ukrainian 
sugar factories Fig. 12). 

Purification 

The researchers of the National University for 
Food Technologies are involved also in the de-
velopment of new technologies for purification 
of thin and thick juices [19-24] which will al-
low to substitute the lime stone for the other ad-
sorbing substances partially or completely. We 
have considered the various disperse minerals 
as adsorbing agents - montmorillonite, ver-
mikulite, palygorscite, saponite, glauconite, 
caolonite, clinoptiolite and others. These miner-
als are well dispersed in water solutions, are of 
high surface activity and specific adsorption 
surface and they are effective ion-exchangers. 
Montmorillonite and palygorscite have the larg-
est surface accessible for adsorption. Palygor-
scite is characterized as well with the largest ad-
sorption ability to hexane that shows the impor-
tant role of the Van der Waals forces in the ad-
sorption processes. This characteristic is very 
important for the selection of the effective ad-
sorbents for elimination of the nonsugars from 

solutions which are represented 
mostly by biopolymers. 

Vermiculite and glauconite 
has the highest ion-exchange ca-
pacity amongst the investigated 
minerals. That is why it is most 
expedient to use them for ex-
change of the ions that are de-
sirable to be eliminated from the 
purified medium for the ions 
most suitable for technological 
process. For example, for sof-
tening of the sugar solutions it is 
desirable to eliminate the ions 
Ca++ substituting them for ions 
K+ and Mg++. 

With the aim to establish the 
adsorption mechanism and its 

parameters at the purification of the sugar solu-
tions we have plotted the isoterms of the color 
matters adsorption by palygorscite, separated 
and natural glauconite and, for comparison, by 
fine-dispersed calcium carbonate that tradi-
tionally is used in sugar production. The ad-
sorption isoterms (Fig. 13) are the convex, with 
the respect to concentration axis, curves that in-
dicates on the high adsorbents selectivity in re-
spect to the color matters. One can see that us-
ing palygorscite it is possible to reach the most 
effective elimination of the color matters. The 
mathematical treatment of the plotted isoterms 
has shown that they are properly described by 
the Lengmure's equation for monolayer adsorp-
tion. On this basis the adsorbent monolayer ca-
pacity am and constant of adsorption-desorption 
equilibrium К as well as decrease of the sorp-
tion free energy according to equation -DG=RT 
In К have been calculated (Table 1). 

The results of these calculations confirm the 
conclusions about the palygorscite highest ad-
sorption activity^ 

The analysis of the salt composition in the 
2nd carbonation juices before and after their 
contact with the separated glauconite (Fig. 14) 
shows that with increase of the adsorbent con-
centration the effective ion-exchange Ca^+ for 



Table I: Main parameters of color matters adsorption by the natural dispersed minerals 

Adsorbent Volume of monolayer am. Const, of adsorption -AG-IO3, 
kg/kg equilibrium, К kJ/mol 

Palygorscite 0,15 320,9 14,06 
Glauconite (natural) 0,08 208,4 13,01 
Glauconite (separated) 0,13 246,7 13,52 
Fine-dispersed CaCO, 0,07 227,5 13,22 

Mg '+ takes place with the preservation of the 
constant total concentration of these ions in the 
juice. At the same time the satisfactory filtra-
tion coefficient Fk will be kept. So, at the ad-
sorbent consumption over 0,4% the dynamic 
equilibrium between the ions transfer into the 
surface layer and backwards will be reached 
and further increase of the mineral consumption 
will be not expedient. Substitution of Ca++ for 
Mg i+ will allow to decrease the sugar losses in 
molasses as Mg'+ is the weaker molassigenic 
agent than Ca++. 

Conclusions 

The reason for the non-central mechanism of 
saccharose recrystallization is that the concen-
tration gradient is created in the solution of the 
polydisperse crystal cells owing to the contact 
of the bubbles of the produced in the vacuum 
pan secondary vapor with these polydisperse 
crystal cells. As a result of this the transfer of 
saccharose molecules to the cells of the crystals 
of the larger size takes place. It leads to the 
gradual disappearance of the fine saccharose 

Fk Ca2t Ca2+ Mg2+ 

Fig. 14: Dependence of quantity of Ca2* (1), MgJ+(2), Ca2+ +Mg2+ (3) and filtration 
coefficient Ft of purified juice against quantity of adsorbent 



crystals and obtaining the final sugar of the bet-
ter crystal size distribution. 

The method for calculation of the heat ex-
change between the elementary massecuite 
cells and secondary vapor bubbles has been de-
veloped. The positive feedbacks (recirculation 
streams) in the system of the industrial saccha-
rose crystallization have been established with 
the help of the controlling theory. 

The optimization,model of the industrial 
multi-stage saccharose crystallization process 
allows to determine the most effective equip-
ment-technological scheme of the sugar house 
and optimize the product streams and methods 
for massecuite processing. 

The industrial tests and evaluation of the 
electrical methods and arrangements in com-
parison with the traditional thermal methods 
have shown that the electroplasmolizators and 
electrical installations for the sugar products 
treatments allow to decrease accounted and 
unaccounted sugar losses in production, im-
prove quality of the raw juice and sugar prod-
ucts in the factory, reduce material and energy 
costs, decrease sugar content in molasses and 
increase sugar yield (the additional profit on 
1000 t sugar beet processed is $ 1000). 

The analysis of the results obtained with the 
industrial sugar solutions has proved the availa-
bility of the natural disperse minerals use for 
their purification. At the same time the process 
scheme will be improved, higher purification 
efficiency will be reached and sugar losses in 
molasses will be reduced. The industrial tests of 
the proposed technology are carried out at the 
present time. 

Use of the proposed technological innova-
tions in the sugar industry will intensify the 
technological processes, decrease material and 
energy costs, improve commercial sugar quality 
and increase its output. 

Legend 

a temperature conductivity coefficient; 
I field's coordinate; 
r radius; 
t time; 
T initial temperature; 
u(x,t) bounded function of temperature distri-

bution; 
x coordinate; 
50 thickness of the mother liquor layer at 

the stage of seeding; 
Auj(x) change of the average as to coordinate 

temperature in the left field depending 
on time; 

X heat conductivity coefficient; 
fi(/) heat stream function; 
x integration variable, time; 
xF duration of the whole cycle of masse-

cuite boiling; 
X/Xy relative time of the massecuite boiling 

cycle; 
qTC thick juice purity, %; 
qTcspec specific juice purity, %; 
qSL standard liquor purity, %; 
qs crystallized sugar purity, %; 
qMo molasses purity, % 
m total product mass, kg; 
ms sugar content in the product, kg; 
mNS nonsugar content in the product, kg; 
mDS dry substances content in the product, kg; 
mw water content in the product, kg; 
S sugar content in the product, %; 
NS nonsugar content in the product, %; 
DS dry substances content in the product, %; 
q product purity, %. 

Indices 

1 left field; 
2 middle field; 
3 right f ield; 
і index of the larger cell; 
j index of the smaller cell; 
cr crystal; 
vap vapour bubble. 



DISCUSSION 
S. Frenzel 
Could you please give us some more detailed 
information about the electrical plasmolysis 
you have reported on? In our experience the 
conductivity in the mixture of cossettes and wa-
ter is to high to be able to build up an electric 
field of sufficient strength. 

I. Guliy 
These researches have been carried our by 
Dr. M. fCupchik. 

We have proposed new technology and 
equipment for impulsive electric treatment of 
the juice-cossettes mixture before the tower dif-
fuser that have been investigated under the in-
dustrial conditions in the sugar factory. 
The influence of the impulsive electric field on 
the cytocells structures of the sugar beet tissue 
allows: 
1. Electric coagulation of the diffusion juice 

nonsugars (HMC,CKS, proteins and pectin 
substances) - purity of the diffusion juice 
increases by 2%. 

2. Electric sterilization of the process medium 
- unaccounted losses during diffusion re-
duces by 0,1-0,15%. 

3. Electric plasmolysis of the cytocells struc-
ture of the cossettes - degree of the plasmo-
lyssis increases by 20-30% which results in 
reduction of the sugar losses in pulp by 0,1-
0,15%. 

K.A. Wil lems 
We discussed today different strategies to change 
significantly the classical juice purifications: 
- lime reduction strategies 
- lime elimination strategies using separating 

technologies such as chromatography 
Several presentations show there is a signifi-
cant difference between strategies, in particular, 
when we look at the chemical characteristics of 
the juice obtained and its capability to further 
crystallization. 

Lime reduction strategies still use a mini-
mum quantity of lime (approx. 6 g CaO/L) to 
get chemical degradation of some nonsugars, 
such as invert sugar. 

Separation technologies leave some impor-
tant nonsugars rather unchanged. Invert sugar is 
separated with the sucrose to a high extent. 
Compared to juice obtained from separation 
technologies, juices from lime- reduction strat-
egies to be more stable, as shown by the degree 
of recoloration during crystallization. 

I would like to ask your opinion about this 
reflexion and I would like the other speakers 
who made a presentation in this context, to join 
the discussion. 

L Guliy 
These researches have been carried out at the 
University by Dr. V.Mank. 

We completely agree with the Dr.Willem's 
opinion that the separation technologies almost 
do not influence on the important nonsugars. 
That is why at the beginning of the paper we 
pay attention to the necessity to reduce the lime 
consumption for the purification purposes but 
not to eliminate its usage at all. Particularly, 
combined usage of lime and natural adsorbents 
for the industrial sugar solutions purification, as 
our further investigations have shown, causes 
synergetic effect. 


