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REVERSE OSMOSIS FOR CONCENTRATIION OF SUGAR
BEET JUICE AFTER THE SECOND CARBONATION
Yu.G. Zmievskii, V.G. Myronchuk
National University of Food Technologies, Ministry of Education and Science of
Ukraine, Vladimirskaya str. 68, 01601, Kiev, Ukraine,
e-mail:yrazm@meta.ua

Abstract.Preliminary experiments of concentrationof sugar beet juice after the
second carbonation were carried out.A dead-end cell with a reverse osmosis
membrane was used.The dependence of the permeate flux vs pressure, which
was varied from 0 to 6 MPa,has been obtained. Duringjuice concentration, a
linear decrease of the flux was observed. It means no fouling of the membrane
surface.Preliminary calculations show that the use of reverse osmosis provides
at least 30% of energy consumption.

Keywords: reverse osmosis, sugar beet juice, concentration, membrane, dry matter.

Introduction. Recently applicationfield of membrane processes expands
intensively, especially in food industry. Membrane separation provides high
quality of the products, they allows one to minimize energy consumption and, as
a result, to save gas, coal and electricity.Traditionally vacuum evaporationis
used for solution concentration in food technologies.The energy consumption of
the evaporation systems for solvent removal is higher almost in 5 times than that
for reverse osmosis (the comparison is for seawater desalination) [1].This limits
prospects of evaporation techniques and expends opportunities of advanced
technologies involving membrane separation.For example, nanofiltration or
reverse osmosis are used for pre-concentration of dry matter of milky whey
before evaporation [2].

Sugar industry is related to energy-intensive branches of food industry, thus,
alternative technologies have to be developed. Previous analysis shows a
possibility to provide 33% decrease of energy consumption for concentration of
sugar beet juiceby means of application of reverse osmosis before evaporation
[3].1t is advisable to use this method due to following reasons.It is necessary to
process large volume of theliquidduring short period, thus, bulky and expansive
equipment is needed. Moreover, sugar plants work only 30-90 days a
year.Membrane techniques would provide fast processing of large amount of
perishable feedstock. The aim of the investigation was to evaluate a possibility
to use reverse osmosis as a preliminary stage of sugar beet juice after second
carbonization.

Experimental. ARM Nanotech membrane (RF) was used for the research, its
effective area was 1.3-10° m?A dead-end cell was applied
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tobaromembraneseparation. Pressure test of the membrane wasperformed by
filtration of deionized water at ~20°C to achieve a constant flux.

Sugar beet juice produced byUzynsky sugar plant (Ukraine) in September
2016 was processed.The liquid contained initiallyl5.2 % of dry matters
determined with a URL-1 refractometer (Analitpribor, Ukraine).

Results and discussion. After the second carbonization,sugar beet
juicecontains no large colloidal particles and most of impurities. This provides
good conditions for subsequent membrane separation.However, the temperature
of the liquid after carbonization is 85-90° C, the working temperature of reverse
osmosis membranes is up to 45°C. Thus, heat exchangers are required to provide
necessaryconditions for the membrane.

Fig. 1 shows the experimental results.It can be seen that the flow of permeate
is practically absent, when pressure is lower than 1 MPa. This is due to high
osmotic pressure (m) of juice. According to [4], following equation has been
obtained:

7=0,0033-C*>—0,3124-C* +11,333-C —104,41 (1)
whereCis thecontent of dry matter, % (15 % < C < 75 %).It allows one to
calculate the osmotic pressure (bar) of juice after the second carbonization at
80°C.
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Fig. 1. Permeate Flux as a Function of Pressure.

This equation can be used to approximate the results, because the solution
temperature was much lower than 80 °C.In addition, the values of osmotic
pressure of juice, whichcontains similar amount of solids, but which wastreated
by various methods, is also different within certain limits.Equation (1) and data
[4] show that reducing of the temperature from 80 to 25 °C leads to a decrease
of osmotic pressure © of 13%. In this case, the = value is about 0.56 MPa and
conditionsof 4P - m (where 4Pis the working pressure) have to be the most
suitable for reverse osmosis.

Fig. 1 shows that the permeate flux (J) increases linearly within 1-4 MPa,
then no linearity is observed.In all cases, selectivity of the membrane
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agaisttowards dry matter exceeds 99%.Since the pressure test was performed
preliminarily, the results cannot be caused by a change of the membrane
structure affected by pressure. The reason of nonlinearity is assumed to be
concentration polarization or membrane fouling. In order to confirm these
assumptions, juice was concentrated at 6 MPa until to the minimal permeate flux
(almost zero), as shown in Fig. 2.
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Fig. 2. Permeate Flux as a Function of Time (a) and Concentration Factor(b).

Fig. 2 shows uniform decrease of the permeate flux with increasing in time
and grows of concentration factor, Thus, concentration polarization is a reason
of nonlinearity of the curve of Fig. 1.1t means, hydrodynamic conditions should
be improved during the transition from laboratory research to industrial tests.

Based on our experience, we assume that the minimalpermeate flux should be
at least 10 kg/(m?h). Before concentrating in a vacuum evaporator,about 40 % of
water can be released from juice. It is almost 55 % of solvent being removed.

Industrial plant consumes about 300-390 tons of fuel for processing of 6 000
tons of sugar beets (343-445 thousand m® of natural gas) for concentration of
juice.The energy consumption of the device for reverse osmosis is less in 5
times than that for vacuum evaporator. Thus, the membrane method allows us
30% of reduce of energy consumption.

92



Environmental Protection: from Sorbents to Membranes

Conclusions. Reverse osmosis at 6 MPa removes 55 % of required amount
of solvent from sugar beet juice after the second carbonization.Permeate flux is
varied within the interval of 18.7 to 0.8 kg/(m? h), selectivity towards dry matter
was 99%.Theoretically, sugar plant can reach more than 30 % of energy
consumption,when reverse osmosis is used for pre-concentration.However, this
process requires further study and new experimental data.Economic advantages
of this technology should be estimated in details.
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Pe3ztome.lIposedeno  nonepedHi  00CHiOMCeHHs npoyecy KOHYEHMPYBAHHS
oughyziiinoco coxy nicaa Opyeoi camypayii. 3acmocosysanu HenpomouHy
MeMOpaHHy — KOMIDKY  13360pOMHOOCMOMUYHON — MeMOpauor,  poboua
memnepamypa cmanosuna 20+3 °C. Ompumano 3anedxcHicms nNUMomoi
NPOOYKMUBHOCMI 810 MUCKY, AKUl 3MiHI08aIU 6 diana3oni 6i0 () 0o 6 Mlla. 11io
yac KOHYEHMPYSAHHA OUQY3IUHO020 COKY CNOCMEpieanoch NIHIUHe 3HUINCEHMS
NPOOYKMUBHOCIE MeMOPAH, WO 8KA3YE HA 8I0CYMHICMb 3A0PYOHEHHS NOBEPXHI
posoinenns. Ilonepeoni  po3paxymku  noxkazyloms, WO  8NPOBAONCEHHS]
pe3yIbmamis 00CHiOHceHb Y GUPOOHUYMBO 00380NUMb ZHUSUMU CHOHCUBAHHSL
enepeonociie minimym Ha 30 %.

Knrwouoei cnoea: 360pomuuii ocmoc, ou@gy3itinuii Cik, KOHYEHMPYBAHHS, MeMOpauda,

cyxa pevosuna.
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