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ABSTRACT

The proposed study is aimed to target the better way for electrolytic clarification of cane juice without any adverse
effect on sugar house process. Electrolysisliterally means decomposition or breaking of a substance or a compound
into its constituent components and flow of electricity, which takes place in solution through the electrolytes,
accordingly the migration of ions under the influence of applied potential difference. The electrolysis process
provides oxidation and reduction without involving any other chemicals for clarification. The importance of this
study is the introduction of conducting polymer material for carrying out the electrolysis of cane juice, which
involves low potential i.e. save of power, easy maintenance of electrodic material, and is expected, that problem of
scaling will beremoveto greater extent. One more important factor in the mind isto avoid the introduction of undue

material into the juice affecting the clarification processes.

INTRODUCTION

Theuseof dectricity for clarification of canejuice
has attracted the attention of many researchworkersin
the past. Gunderman¥ made an attempt to removein-
organic and organic impuritiesfrom sugar solution by
éectrolysisand eectro dialysis. Weissegger!? € ectro-
lyzed canejuicebetween aluminum e ectrodes. Lima®
obtained apatent for e ectrolytic clarification of cane
juice. Theprocessinvolved passing thee ectric current
through thejuiceusing auminum el ectrodes. Later on
Ghosh*% employed iron e ectrodesfor clarification of
canejuice, which was comparatively chegper and sug-
gested the mechanism of the process.

Canejuice containstwo types of colloida impuri-
tiesviz. Solubleor hydrophilic and insolubleor sus-
pended or hydrophobic. Gumsand vegetable proteins
form soluble colloidswhereasdirt, fiber, hemiceluloses
etc correspondsto theinsol uble or hydrophaobic col-
loids. Thesoluble colloids are assumed to be protec-
tivein naturewhiletheinsolublecolloidsare peptizing.
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When raw canejuiceise ectrolyzed between twoiron
plate electrodes, the electrol ytic gas (oxygen and hy-
drogen) bubbles and removesthe dissolved colloids
mostly asfroth by adsorption at gas- juiceinter phase.
When these protective colloidsareremoved, the sus-
pended colloidsautomatically settle down. After elec-
trolysiswithiron sheet anode, it wassuggested that Fe?*
ions generated in accordance with Faraday s law of
electrolysisenter inthebulk of thejuiceand forming
insolubleiron saltgé7.

Further Doss et. Al'® has made certain modifica-
tionsin the processof clarification and found that el ec-
trolysisof juicein acidic conditionis more advanta-
geousthanat higher pH. Taking these observationsinto
account, Ghosh® made another modification and sug-
gested the use of phosphoric acid and active carbon
for completeremova of ironfromclarified juice. Also
the production of organic acid by the destruction of
reducing sugarsintheclarification, processisof great
significance. The organic acids produced, react with
limeforming ca cium satswhich contribute gppreciably
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to the CaO content of the dlarifiedjuices. Matthew and
Jackson™* studied the decomposition of reducing sug-
ars between pH 5 - 9in the temperature range of 50°
to 100°C. It was also reported that the destruction of
reducing sugarsincreased rapidly with increaseintem-
perature and pH. Chaturvedi et al™ observed a de-
creaseinthepH dueto destruction of reducing sugars
was very marked at high temperature is discussed
(TABLE 1). The decreasein pH during the alkaline
destruction of reducing sugars observed by various
workers'? has been attributed to the production of or-
ganic acidsduring thereaction. Thishasbeen studied
qualitatively by Isbell®¥ Kiliani®* Nelson and
Brownée*®, and Scheibler,

EXPERIMENTALAND METHODS

Materials & reagents used

e Pyrrole, 0.67gm. 10mmol (Merk make)

e Sodiumparatoluenesulfonate, 1.94gm., 10mmol
(Sigma-Aldrich).

e Cdciumhydride(Merk)

e Double Distilled water (From Monodest — 3000
plant).

Equipment & glasswareused

o Potentiostat (Regulated D.C. power supply Elnova).

o Electrolytic cdl with grgphiterod, conducting glass
electrode, saturated calomel electrode (SCE).

o \olumetricflask (100ml.)

e Sourceof dry nitrogen

M ethod

Pyrroleisditilled dowly from calcium hydrideun-
der reduced pressure prior to use and stored in the
fridgeinbrown bottleat 4°C. 0.7 ml of digtilled Pyrrole
and 1.94 gm. of sodium Paratol uenesulfonatehasbeen
takeninavolumetric flask of 100ml. and D.D water
was added to up to the graduation. The solution thus
prepared was poured into the self fabricated el ectro-
Iytic cell. The conducting polymer electrode i.e.
polypyrrole coated graphite electrodeispreparedin a
specia typesdlf fabricated electrolytic cell. Theelec-
trolytic cdll isflat bottomed and cylindrica in construc-
tion and hasagasinlet and two sde-armswithfemale
quick fit jointsinto which areinserted two malejoints
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terminated with Sntered glassfrits. Theconducting glass
electrode, isthen attached to acrocodile clip with a
long wire contact, which isclipped so that the croco-
dileclipisabovethesurfaceof theliquid. Thegraphite
rod and saturated calomel electrode (SCE) are then
placed inthe side arms provided (separated from the
solution by asintered glassfrit).

RESULT AND DISCUSSION

Pyrrolewill form apolymer on awide variety of
electrodic materid for eg graphitee ectrode, over choice
of potential if potentiostatic, or of current density if
galvanostatic, inawide variety of solventsincluding
water, withagreat range of eectrolytesats. Electroly-
sismay beterminated to give an adherent electrode
coating or el secontinued until thefilmformedisthick
enough to precedethedectrolytic clarification of cane
juiceinanéectrolyticcell (Figurel).

Theédectrochemical polymerization of pyrroleon
graphiteeectrode producesastrongly adhered, durable
filmwith enhanced and good € ectrode properties. Our
interest inthe preparation of durable, conducting organic
graphite electrode surfaceled usto thisapproach. We
now present the method by which the el ectrochemical
polymerization of pyrrolé*® isdoneinthesdf fabricated
electrolytic cell under controlled condition.

With the potentiostat (D.C power source, ElInova)
on stand by, the graphite el ectrode was attached to the
positiveterminal of regulated. D.C. Power source &
saturated cdome e ectrodeaswell asconducting glass
electrodewereattached to the negativetermind of regu-
lated D.C. power source respectively. When
potentiostat was switched on and apotentia of + 1.0V
versus saturated calomel electrode was given to the
graphitedectrode& performingthedectrolysisfor about
onehour, athick black film of polypyrrolewasformed
on graphiteelectrode. Thepolypyrrole coated graphite
electrodewill befurther usedindectrolytic clarification
of canejuice.

Theultimateand overal amisto carry out clarifi-
cation of canejuiceédectrochemicaly using conducting
polymer electrodesto devel op asafe, economical and
eco friendly method at the pil ot plant level followed by
Industria level. It isexpected that the proposed project
will promotethesugar industry inreducing the process
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cost and accordingly thecost of fina producti.e. sugar. temsedectrolytic cell. Electrolysiswas carried out for

Asdiscussed inthe experimental part, theelec-  about one hour. The black thin film wasformed on
trochemical polymerization of polypyrroleon graph-  the graphite el ectrode which was peel ed off from the
iteelectrodewas done by using three electrodesys- graphite electrode and IR spectrum of sameisdis-

TABLE1: IR absorption frequencies

Observed IR Frequency

of Ab ) 9 Assignment
sor ption, cm.
3480.53 Nearest to 3400cm™, which is the peak of secondary amine? Thereforeit is confirmed that
the peak at 3480.53cm™ is of N-H stretching.
3373.70 The N-H group has two spikes at 3373.70cm™ and another at 3200cm™
3065.45 This peak through not intense not sharp which isnearest to 3110cm™. Thisisthe IR

frequency of C-H stretching. Here it isinteresting that the CH bands are weak as
they arein pyrrole dimer and trimer.
1600.37 to 563.7 Thisregion of IR absorption frequency contains the pyrrole ring vibrations.

cussed. sudiesondectrolytic darification of canejuicehascome
Thusonthebasisof infrared spectrawe cansay  into existence becausethe conventiona method of the
that theblack film coated onthe graphiteelectrodeisof ~ canejuiceclarificationi.e. double carbonation Double
polypyrrole. sul phitation and doubl e carbonation has many disad-
Theneed of present work that isPhysicochemical  vantages. Themilk of lime, whichisaddedinmixedjuice
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after heeting, increased the concentration of cacumfrom
650-800 ppm to 900-1200 ppminclarified juice. The
high calcium content in clarified juiceleadsto thefor-
mation of saltsand organic acids.
Thecdciumionswith smal amount of magnesium
combined with sulphates, phosphates, organates, sili-
catesand sesquioxidesisresponsiblefor sceforma
tioninjuicehegters, evaporatorsand pansetc. Thehigh
concentration of calcium a so increasestheviscosty of
syrup and masseculitsleading to higher lossof sugar in

the molasses and the final sugar obtained is of poor
quality. Thegrainsizeof sugar crystasdevelopedinthe
pan becomesirregular dueto poor circulation.
Morever, themelassigenic naturei.e. formation of
mol assesdueto theloss of sugar during crystdlization,
increased withincreasein ionic concentrationin cane
juice. Queen and Mobes'™ had confirmed that the
melassigenic effect of dkai and alkaineearthionsde-
creased in the order of K>Na>Ca>Mg and that the
Potassium and Sodiumionsarevery much melassigenic
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than Magnesium and Calcium ions. The high
mel assigeni ceffect of Potass um and Sodiumthan Mag-
nesium and Calciumionsisusualy assumedto bedue
tother sdtingout effect.

The SO, usedintheclarification processisalsoa
major problem regarding economy and health point of
view. Thesulphur isan expensivechemical becauseitis
imported from other countries. Thesavinginuseof sul-
phur will hdpinsaving theforeign exchange. Thesugar
obtained from the above mentioned methodsi.e. double
carbonation, doubl e sui phitation contains sul phur diox-
ide (S0O,) intherange of 30 ppmto 60 ppm. The SO,
content in the molassesand sugar makesit unfit for ed-
ible purposes.
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