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ABSTRACT

Electrodialysis technology was used to remove the melassigenic ions of mother liquor of beet sugar and beet sugar
syrup, obtained from the Moroccan sugar industry. The operations were conducted using an electrodialysis pilot
plant equipped with two ions exchange membrane with high temperature and organic resistance first on mother
liquor diluted at 25% with water and juices and secondly on beet sugar syrup at two higher Brix (52 and 60 Bx).
The performances of the electrodialysis operation were evaluated and the best operation conditions were
determined. This study confirms the effectiveness and the efficiency of the ED process to reduce melassigenic ions
for beet sugar solution.
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INTRODUCTION

The goal of any production process is to producar@e a quantity of product within the qualityteria. The sugar
industry has long maintained an interest in thdiegiion of membrane filtration for both quality provements and
as a pre-treatment for processes to produce valdeeaproducts [1].

In the technological process of sugar productiettain problem is the separation of alkali metaioca which

were suspected of being highly melassigenic byihgldugar in molasses and preventing it from beg&ogvered as
crystalline sugar [2].Sugar processing is one efrtfost energy-intensive processes in the food tngdushich is a
challenge for membrane separation processes likeofifiration (MF), ultrafiltration (UF), nanofilation (NF) or

reverse osmosis (RO) [3].

The application of new methods in sugar beet fagsdrave been investigated in: Purification of smup method,
Concentration of diluted syrup by reverse osmdégaration and extraction of color compounds. [4]

Cross-flow microfiltration (MF) membranes can bedito remove non-sucrose compounds, or to fradgotiee
retentate rich in colorants. Ultrafiltration (UF)embranes can be applied to concentrate the rel@viaat in sugar
industry and to remove non-sucrose compounds[1& fAurification of raw beet juice and of cane jsiaesing
Microfiltration and Ultrafiltration were investigatl [4.5].

Decolorization of sugar can be achieved by Namafilin (NF) [6]. UF / MF process in cane sugar pidthn acts
as a pretreatment prior to other separation tecigied by removing impurities from the raw juiceglirding starch,
dextran, gums, waxes, proteins and polysacchar@ascentration of raffinate from beet molasseslmamachieved
by chromatographic separators using Reverse Osr{iRSis[6].
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Reverse Osmosis (RO) can be used to recycle paksprater [7], oralso to recover pectin from sumgat pulp [8].
Forward osmosis is a viable membrane process foicestdration of sucrose solutions {B8x), increased
temperature leads to an increase in the draw awdelute diffusion coefficient and to a decreaseater viscosity

[9].

ED can also be used for the removal of inorganittendrom clarified sugarcane juice [11,12]. Altlgbusome
minerals such as phosphates, silica and magnesisaatially removed by clarification, potassiumdison and low
concentrations of sulfates are not completely reabte:

In order to overcome the problems caused by mejasii ions such as'KCa&*and Nd, many methods have been
employed to remove them, including membrane prasgssynthetic adsorption, coagulation and ion exgbha
resins. Among these methods, ion exchange (us#ttiQuentin method) and electrodialysis are weabddshed
technologies [13,14].

The purpose of this work is to follow the parametefrthe demineralization for the mother liquonsimin and in the
beet sugar syrups using an electrodialysis pilattpl

MATERIALSAND METHODS
The study was conducted using a pilot plant (TSP-8upplied by the EURODIA Co. The stack design
characteristics of the pilot plant are given inl¢ab.

The treated volumes are of the order of 1.5L.

Table 1: Characteristics of the pilot plant TS-2-10

Generator Stabilized power supply 60200-60V. 20A electroniE®NTAINE.
Total area 2 dnf

Active surface | 200 cni

MEC CMX (EURODIA)

MEA AFN (EURODIA)

Cell number 10
Céll voltage 1.6 V maximum
Flow rate 0-500 L/h

The pilot plant was fitted with a conventional oatiexchange membrane CMX and animproved anion egeha
membrane AFN. All these membranes were manufactyetbkuyama Co. The plant was operated in batctiemo
The tests of electrodialysis were realized on tl¢her liquorat 25 % dilutions with the water andhathe juice.

Due to the high loss of the mother liquor trials tests could not be realized with concentratair&@0%.Beet sugar
solutions were freshly collected at the outputadtephase, undergoing no preliminary treatmeny, #ine cooled to
a temperature between 38°C and 42°C, and circul@ided with distilled water or the purified j@ into the
diluted compartment with a flow rate of 200 (L/fixhe brine compartment is filled with NaCl (M= 5g/kplution
with a flow rate of 200 (L/h). To avoid any eleathemical reaction caused with the electrodes wednote a
solution of NaSQ, (M=20 g/L) into the electrode compartments wittoav rate of 200 (L/h).

The sugar crystallization process takes 3 jets:

Thefirst jet: crystallized syrup of the highest possible pugity#95% and will give in 2 at 3 hours: A trade tehi
sugar of purity> 99.9%, and water-mother or mother liquor (aftgrasation of crystals by centrifugation) of purity
86-88%.

The second jet: Ensure the crystallization of the mother liquérlet jet in 3 to 4 hours. It will give a sugarless
quality that in the 1st jet, more colorful and hawvere ash. It is redesigned to be mixed with theisyesulting
from evaporation and will enter in crystallizatioh 1st jet to give the white sugar. The mother diqobtained in
2nd jet of purity from 76 to 78 % will be crystaiiid in 3rd jet.

The 3rd jet: Charged with crystallizing a product at a very lpurity (thus in speed of slow crystallizatiorf)et3rd
jet will be carried out in a way appreciably diffat from the first and 2nd jet. [15].
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Fig.1: Principle of sugar process[15]

For The raw syrup the electrodialysis operationseeve®nducted on the diluted syrup with water (6Q &xd on the
diluted syrup (52 Bx) with juice.The dilution wablgatory because the high viscosity of the syrup.

Table 2: Electrodialysis membranes char acteristics

Grade

CMX

AFEN

Type

Strongly acidic

Cation exhange membrarj

Strongly basic

eAnion exchange membran

[]

Characteristics

High mechanical
Strenght (N&orm)

High acid diffusion
Coefficient (Ciform)

Electric Resistance (Q.cm™)

3.0

0.5

Burst Strenght(Kg.cm?)

>0.40

>0.25

Thickness (mm)

0.17

0.16

Table 3: Characteristics of the mother liquor

Mother liquor diluted at 259

bMother liquor diluted at 259

with water with the juice
Parameters 58 Bx 62 Bx
Conductivity tS/cm) 4.81 3.31
pH 8.83 8.3
Brix 58 62
Purity (%) 72.20 74.18
Ash Content (g % Bx 10.28 7.31
Coloration (ICUMSA) 15280.69 13044.83
Na*(g/L) 6 6.8
K* (g/L) 12.7 13.8
cd* (g/L) 9.5 9.15

The parameters followed during the ED operation &t&’, K* and C&' contents, conductivity, temperature,
pH,Brix, purity, coloration, ash content.

The amount of, Na K* and C&" was determined by flame photometer (PFP7, JenwHEy. Brix (Bx) was
measured with a refractometer (Abbe, type RL3) exglessed in weight percentage. The ash was deisdnhy
conductivity (conductivity meter type Orion Resduafd1) according to the Icumsa method [16].The redion was
measured with a spectronic (miltron Roy21D) acamydb the Icumsa method [6].The purity was measbsedn
expression: (Polarization/Bx)*100.

RESULTSAND DISCUSSION

The mother liquor B diluted to 25% with water and juice
ED cannot be led on the mother liquor crude dughéohigh viscosity. Sugar solutions at two Brix 8&hd 62Bx
were obtained by diluting the mother liquor to 2%%th water and juice. The ED operation was caroeation the
dilutemother liquor(Brix 58 and 62) and under thidiwing conditions:
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Voltage: 13V and 16V. The applied current densityi89 A for diluted mother liquor at 58 Bx andBA, at 62
Bx.

Temperature: 40 ° C
Flow rate 19.56 (L/ h).

The results obtained on the two diluted motherdiqere summarized on Table4 and Table 5. Assays shgood
reproducibility.

The figures 2-4 show the variations of purity, cateon and ash content as a function of the eldatgsis time and
for two Brix. Variation of sodium, potassium andatam are given in figures 5-7.

The pH of the mother liquor remains almost unchdrfge the two tested Brix,this can help minimizenfation of
inversion of saccharose. The rates of discoloraticrease in time and reach 13.65 % for 58 Bx aBd%d for 62
Bx. The quality of the mother liquor was improvedthe operation of electrodialysis.

A clear decrease of the content in ion sodium betw5.44 and 80 %, of the content in ion potasddetwveen
78.62 and 90 %, and a decrease of the contentdiugabetween 21.21 and 34.85%.

The elimination of the melassigenic ions for thettmeo liquor of beet in the two Brix(58Bx and 62B®)lows the
order of K> Na*> C&*.

For a voltage (13V and 16V), the variation of ppdnd of coloration are practically decreased ®B%, the same
variation for 62 Bx are observed, but a small défece is observed in the content in"Nad K’ for the two brix.
This slight reduction can be attributed on one hnthe concentration polarizationand on the otiand to the
presence of organic material which reduces thesearbf the membrane.

Table4: Conductivity, pH, purity and coloration of the treated mother liquor of beet by electrodialysis

. Ash Content (g%Bx) Na®* (g/L) K* (/L) Ca* (g/L)
Mother liquor of beet sugar & D % P % % tf % % . %
58 Bx 13V 7,18 | 1,73 75,90 591,35|77,11|10,3]|1,05|89,81|6,79| 3,51|48,30
16V 10,28| 2,46| 76,0 § 1,2 8( 12,7,25| 90,15| 9,50( 6,19| 34,85
62 Bx 13V 8,96 | 3,91 56,36 6,82,6 | 61,76/ 14,1| 3,6 | 74,46/ 9,03| 6,45| 28,57
16V 7,31 | 3,16 56,77 6,82,35|65,44|13,8| 2,95| 78,62|9,16| 7,21| 21,28

Table5: Ash content, sodium, potassium and calcium content of thetreated mother liquor of beet by electrodialysis

. Conductivity(ms/cm) pH Purity (%) Coloration (Icumsa)
Mother liquor of beet sugar T 4 % & i % & t A t 4 %
58 Bx 13V 592| 1,11] 8125 8,177,5]| 8,2| 72,3182,73|10,42| 15209,31| 11976,35 21,25
16V 4,81| 0,95/ 80,24 8,863,45| 4,6 | 72,21/ 81,79| 9,58 | 15280,69 13193,36 13,65
62 Bx 13V 34| 141| 5852 8,418,27| 1,6 | 73,02 80,03| 7,01 | 14344,14 13302,05 7,26
16V 3,31 1,05| 68,271 8,367,94|5,02| 74,18 82,14| 7,96 | 13044,83 12062,21] 7,53
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Fig.7: Time dependence of calcium content

Fig.6: Time dependence of potassium content
Between 13V and 16V there is a difference at renmaif the melassigenic ions.
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The removal rates of Kand N4 up to 90%, however the €ap to 50%.
The total rate of demineralization is more impottfam Bx 58 than in Bx 62, is upper to 90 %. Theéngaf purity

reaches 9.58 for 58 Bx and 7.95 for 62 Bx. Whatghthat the dilution by the water is more effectilian that by
the juice.
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Fig.8: Reportof the concentration in sodium on the concentration in calcium during the demineralization

We notice that the report of the concentrationddism on that in calcium decreases during the deralization to
aim towards its initial value, equal to 1.So th&estvity of the cations exchange membrane decsedseing the
demineralization.

The beet sugar syrup

The juice contains almost all of the present sugéine beet, but also the other compounds whiclessary need to
be eliminated (mineral salts, organic compound®.filtered juice contains approximately betweerfdand 85 %

of water, from which a big part will be eliminatbgl evaporation. Brought to a boil in pipes in towdgth the vapor,

the juice crosses a series of the evaporators vthereemperature and the pressure decrease gradloafi one to

the other one. Finely, the juice was transformed @ontaining syrup 65 in 70 % content of saccharos

The syrup finishes its concentration in evaporatorise cooked working under vacuum to avoid thamedization.
A very fine crystals will be produced there whiak going to form the syrup[17].

The electrodialysis operations were conducted erdtluted syrup with water (60 Bx) and on the aitlisyrup (52
Bx) with juice under the following conditions:

Voltage: 13V and 16V. The applied current densit®.93 A for diluted syrup at 60 Bx and 3.87A aih2

Temperature: 40 ° C.

Table 6: Characteristics of the syrup

Syrup diluted at 10 % | Syrup diluted at 10%
with water with the juice

Parameters 60 Bx 52 Bx
Conductivity (nS/cm) 1,72 2,81
pH 8,86 9,26
Brix 60,37 52,17
Purity (%) 89,6 88,43
Ash Content (g % BXx) 3,17 3,26
Coloration (ICUMSA) 4066,9 3602,
Na*(g/L) 1,8 1,8
K *(g/L) 4 3,32
Ca” (g/L) 3,98 4,12

Tables 7 and 8 give the characteristics of the fegar syrup after electrodialysis operation. Taeation with time
of purity and coloration for the two Brix were shown fig 9-10.

The syrup pH remains stable for the two tested.Bkixthe end of the ED operation, the variationpéf did not
exceed 25.8%. The discoloration rates increase timith and reach 38.57% for 60 Bx at 13V and 26.1%6& and
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42.04% at 13V and 43.33% at 16V for 52 Bx. Suclifierénce in the color reduction was due to the oeah of
suspended solids and color components with molecutdghts greater than the membranes. The syrufitigea

were improved by the electrodialysis operation.
Table 7: Ash content, sodium, potassium and calcium contents of the treated beet syrup by electrodialysis
Na' (g/L) K* (g/L) Ca* (g/L)

t % to t % to ts %
3,85/ 0,28| 92,72| 3,36| 0,83 75,29

Ash Content (g% Bx)
Syrup of beet sugar t 4 % t
60 Bx 13v | 3,08| 0,45 8538 1,9 0,285,26
16V 32| 041 9559 1,8 023444 4 |0,30] 92,5 | 3,98 1,43| 64.07
52 Bx 13V 3,8 | 053] 86,08 1,7[70,05|97,17|4,25|0,05|98,82| 3,91|0,31| 92.07
16V 32| 052 8379 18 0,0®6,11|3,32|0,06|98,19|4,12| 0,46| 88,83

Table 8: Conductivity, pH, purity and coloration of the treated beet syrup by eectrodialysis

Conductivity(ms/cm) pH Purity (%) Coloration (lcumsa)
Syrup of beetsugar PR T T TR T T T [ % |t | 6 | A t t %
2,26| 0,29| 87,14 8,817,66|13,05| 90,5 | 96,01 5,51| 3506,88| 2154,06| 38,57

13V
60 Bx 16V 1,72 0,32 81,39 8,866,57|25,84| 89,6 | 96,28 6,68| 4066,91| 3005,41] 26,1
86,80 95,22| 8,42| 3545,39| 2054,81| 42,04

52 Bx 13V 3,17| 0,35 88,95 9,238,55| 7,36
16V 2,81| 0,15] 94,64 9,267,59|18,03|88,43| 95,65| 7,22| 3602,44| 2041,35| 43,33
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Fig.10: Time dependence of coloration

Fig.9: Time dependence of purity

The time dependencies of the demineralization raiganic ions were shown infig.11.The analysis comee
systematically the sodium, the calcium and the gsitem which are the majority cations of beet swyanp and by

which the content will be followed throughout thady.

The variation of ash content, further ED treatmansyrup during the first 30 min resulted in greatduction of
ash content, after 30 min the decrease becomessl®etween 13V and 16V there is no differencesataving of

the melassigenic ions.
The removal rates of Kand N& decreased rapidly up to 30 min of electrodialysgieration and then decreased
slowly, however the GAdecreased rapidly for all the 60min.

The total rate of demineralization is more importim Bx 52 than in Bx 60, is upper to 90 %.Thergaf purity
reaches 6.68 for 60 Bx and 8.42 for 52 Bx. Whawghthat the dilution by the juice is more effectihan that by

the water.
The general look of curves calls back a decreasxpbnential form. The lonic composition would tthesve an
influence on the kinetics of demineralization.

The melassigenic ions rejection for syrup follows brder of K> Na> C&". These results can be attributed to the
nature of the ion, the nature of membrane andegaddh content in the feed solution.
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Figll: Variation of removal ratesfor melassigenic ions and ash content asa function of time at different Brix

CONCLUSION

Based on experiments of ED of syrup and motheoligf beet sugar, with dry matter content of 52 &adBx for
syrup and for mother liquor as 58 and 62 Bx, urad&mperature of 40 °C, could be concluded theaiig:

» The total rate of demineralization for mother liqimore important for Bx 58 than in Bx 62, is eppo 90 %,
and for syrup is more important for Bx 52 than @D, is upper to 90 %.

» For mother liquor the gain of purity reaches 9.6858 Bx and 7.95 for 62 Bx. What shows that tHatidin by
the water is more effective than that by the juice.

» For syrup the gain of purity reaches 6.68 for 60aBd 8.42 for 52 Bx.What shows that the dilutionthwy juice
is more effective than that by the water.

> The melassigenic ions rejection for the two sohutiollows the order of K> Na™> C&*. These results can be
attributed to the nature of the ion, the naturenembrane and to the ion content in the feed salutio

The application of Electrodialysis raised the duyatif the mother liquor and of the syrup and shaseptial for
improving the sugar yield.
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