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ABSTRACT

This presentation deals with the chemical balancing of the clarification zone for cane sugar manufacturing on the
basis of molar ratio of reactant. The essentiality of the said balancing along with control by conductometric means
have been discussed in detail. Moreover due to ever increasing cost factor of basic chemicals as required in sugar
industry i.e. mainly sulphur and phosphoric acid an option has been indicated for fruitful adoption.
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INTRODUCTION

Colour in terms of reflectance value in Indian nerknd S@ content at lowest ebb is the basic thrust of ttsday
need. However, in India any make shift arrangerfrent conventional way is an apprehension of affegthe final
product. This paper is an extract of practical exgpee drawn from several trials conducted by angthio a few
sugar factories on full scale basis. The implentemaf proposed process does not concern withegiuyp mental
change in the existing system. The basic approdcthe proposed process is the chemical balancird) an
conductometric control of the process parameters.

In the present context it is imperative to disdimessugar colour value in Indian market versus gloharket. Since
both the parameters i.e. s@duction and colour value befits for better gyadiugar, it is important to know the
interrelevancy of these parameters under referéifeworld over view for colour value has been degnm a dual
system. In India it is measured in solid phase,red® mostly in foreign countries it is evaluatetiqaid phase.

Logically in any chemical evaluation the determgiparameter should have linear relationship wishréevant
parameters to establish, the determining paraméterdatabase observations are available elsewherijd
conclusion drawn thereof reveals that colour vatuéquid phase is not having any linear relatidpstith any
individual non sugar constituents. These non sggastituents are having relevance with determiqiagameter.
Such basic study finds a way to redress the ICUMSIAur value to establish its theoretical explaorati

In contrary the reflectance value is having betg@roducibility with £2% error margin as reporté], [whereas the
ICUMSA colour value has permitted £10 units whictiaeges at lower ICUMSA colour value of sugar 80 and
gets negligible at higher range i.6.50 on percentile basis.

Further to this, plantation white sugar manufacals® aims for Soreduction. The reduction in Soonsumption is
directly proportional to less $@ontent in sugar crystal. This is for obvious maprevents the color deterioration
and enhances the storage condition/life.

On these aspects, it has become a point of cortoeanitically analyze the conventional process émdind a
remedial approach on its theoretical values.
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Approach:

Conventionally and as per available literaturef3leé consider the clarification zone, it revealattthe phosphate
content of juice should be around 300 ppm. Suchtifyeof phosphate content has been experiencexpismium
dose for helping the tricalciumphosphate precifmtatind thereby enhances the settling phenomeneo@se this
chemical reaction to take place needs addition it of lime (MOL). The addition of milk of lime hek for
multipurpose i.e. in clarifying the juice. Initigllit enhances the juice pH to combat the enzymiatiersion.
Secondly for tricalcium phosphate precipitationertrap the suspended impurities which settles eaxihg the
juice more clear and of higher purity. Simultandgumsilk of lime reacts with sulphur dioxide for kmm benefits.
For these reactions in a reactive system condigwlitons are required to be provided for desireslits. These
conditions are relevant to pH value, time of reactiemperature and finally the molar ratio of taats.

The detailed discussions on the above points aedatkfor better understanding and control therEloé relevant
points are taken up as under for complete reasiistem.

EXPERIMENTAL SECTION

ICUMSA colour was determined by the GS2/3-10 metfi@UMSA 2005) - 50 gm cane juice was dissolve&in
ml of double distilled water (50% w/w); the solutiovas filtered through a membrane filter (pore 95 um).
The first few ml portion of the filtrate was disdad and the pH was adjusted to 7.0+0.2. The ahscybaas
determined at 420 nm in a 50 mm cell with doublarbdJV-VIS spectrophotometer. The calculations @
below

as = As/bc =-log Ts/bc
Where Ts = Transmittancy
As = Absorbancy
b = Cell length (cm)
¢ = Concentration of total solids (g/&m

It was calculated with the help of refractometricxBand specific gravity table for pure sucroseusiohs. In
ICUMSA ‘ay is multiplied by 1000.

These values reflect a higher colour contaminagi®ompared to an average commercial sample.

RESULTS AND DISCUSSION

Bulk pH:

During sugar processing it is evident that sugarsk@roduct in the streamline remains in bulk gtarthe mixing
of milk of lime is to be @ 1.0-1.4% v/v of 6-8. Beay definitely hold good to change the PH of bulé&dmm.
Whereas mixing of any process chemical @ ppm dasenly effect negligible change in pH. The crusthed point
reveals the fact that care is imperative in cassubftantial addition of any chemical to contr@ gH. At the same
time addition of any process chemical may be extragidic or alkaline @ ppm dose is not much of eomcThis
point is needed to be discussed for the reasorathaprocess chemical of wide range of pH can leel.us is in
view of the fact available in Table 1, which clgairhdicates in the entire sugar processing zore ctimplete pH
range of colour formatidfi.

The close observation of the table clearly suggbstsmostly the alkaline medium is responsibl&gep the colour
intact whereas in the acidic zone the colour disappand does not reflect on final product.

Table -1pH range in sugar processing/colour formatin

Particular Temp.°C | pH range Reaction
Juice extraction 65-76 5.0-6.4 Melonin formation
Juice purification|  60-F& 7.0-12.5 | Degradation of reducing sugal
Juice evaporatio]  80-13D 8.5-9.5 Non enzymatic colour formatign
Crystallization 40-10%C 7.0-9.0 Non enzymatic colour formatign

It gives a clear concept that any process chemnoitatidic nature is definitely most appropriate @thge for the
purpose of colour removal. As above the apprehansiacidic range in the bulk material for any irsien is not
theoretically sound.
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Looking at the other aspect the processing systsuires concentrating on operational temperatucetime of
reaction in comparison to bulk pH change, if anighim negligible range. Bourzutschky [4], Gille&][have studied
these parameters with respect to formation of goldwring sugar processing. The study reveals ortifipe
conditions i.e. rate of colour formation/increasehviemperature, residence time during evaporation.

To be more specific, a few important, colouring ditions is worth mentioning in the present cont&dceharetin
dissolves in alkaline medium and changes from atdss to yellowish. On acidification it turns coltass again.
One of the most significant colour making reacti®Maillard reaction which undergoes in case ofusiag sugars
and amines or amino acids are present. The reagtibates and accelerates with enhancing temperaand
increasing alkalinity. Extraction at low concenitbas and natural to slight acidic conditions paaity no Maillard
reaction occurs.

Further to this degradation of the Amadon compouratsirs with increasing pH value at higher ratbsytare
stable under acidic conditions. Similarly with ieasing pH values colour formation is more markeshtkvith
higher temperature colour formation is 10 timeshhigat 8.0 pH compared to 5-9 pH.

Data Analysis:

In the present context a few experiments were edrdut to gather the effect of time and temperaagainst
ICUMSA colour value of clear juice as obtained frfawtory operation. The colour formation is distifrom fig. 1
and 2 for time & temperature respectively as delie@ from table 2 & 3. The fig. 1 & 2 shows a stempof the
parameters in question. These results are in linindings reported elsewhef8 The fact finding readings are
clearly vouching for temperature and time factardé responsible of colour formation during thecgsss and pH
may not be a point of consideration for negligibhange in the bulk medium. The control and regulanitoring of
pH and effect in the bulk medium can be made outapplying conductivity means[6]and more work is in

progress[7-9].

Table — 2 Table — 3
Time vs ICUMSA for factory clear juice Colourvs Temp. for factory clear juice
S.no.| Time| ICUMSA S.no.| Temp°C| ICUMSA
1 0 480 1 80 500
2 5 510 2 85 550
3 10 700 3 90 980
4 15 1000 4 100 1890
5 20 1280
6 25 1690
7 30 1970
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S 1500 3
= = |
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8 3
& 1000 3
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Fig. 1
Fig. 2
Molar Ratio:

Any chemical reaction is subject to its molar ratioong the reactants and products thereof. Motar dapicts the
actual requirement of reactants to follow any cleamieaction. In sugar industry the basic reaotiblime and juice
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followed by sulphur dioxide undergoes conventionah percentile basis of lime and sulphur consuomptin
general the range of dose for lime and sulphur aamund 0.20% and 0.06% on cane respectively. Tis i
irrespective of various reactive contents of juitke basic need of lime and cane juice reactida igise the pH to
check enzymatic inversion and simultaneously tdcah phosphate precipitation. Conventionally thbacement
of pH is not the basic but to make up of phosphetel around 300 ppm in juice by addition of phampt acid
indicates the tricalcium phosphate precipitatioedgsially essential. Instead, the settling aid oalp but the basic
need of making the sulphited juice clear by wageyarating the mud. Of course the mud content beaghrimarily
the precipitate of tricalcium phosphate formatidhis precipitate is definitely limit to already akasble phosphate
content in the juice. Hence, if extra addition bbpphoric acid is eliminated at mixed/clear juitage then also it is
possible that by use of settling aid juice claggn be achieved. This is not only a cost effective unnecessary
addition of extra phosphate can be avoided.

The above proposition is based on the calculatiahemical reaction on molar ratio.
3Ca+2PQ — Ca (PQy).

From above the phosphate to calcium molar ratiodstdor 1.58. Further to this in terms gfB&CaO the factor
becomes 0.7 & 1.4 respectively. Now in case of dii) ppm phosphate content the CaO requirementsstan
only 93 ppm. Similarly the CaO requirement towa$ds reaction if considered the total CaO content nexgljican
be found out. In addition to this another 20% Ca® also be added and accordingly lime dose camlbaded.

In the above process of lime dose fixation, the €atent of milk of lime is more important then #able CaO in
the lime. The available CaO in lime reflects theitgwof lime and not the actual needed dose.

On the above lines the authors have experiencexighr conductometric control, the overall perfornefialls
under satisfactory range in terms of mud controtlatifier and clarity of clear juice. The ultimagdfect on
molasses being calcium as molassegnic matter,sdaital reduction in CaO content was observedri.the range
of 15-20%.

The option:

On the above discussed parameters, and the everagitg cost factor of chemicals in particular bulpand
phosphoric acid the need of chemical balancingssemtial and imperative and simultaneously stegaimed to
adopt polymer based chemicals available in Indiarket to omit the use of sulphur& phosphoric a@dgh
alternatives were well triedand can produce sulfitag sugar.

Another important factor of the present day sugality concerns to ICUMSA colour value only. In fdbe sale of
sugar through Indian production is majority operrtdian market only. Relating to this our scalewbiiteness is on
reflection basis in solid phase. This is purelydmhen the luster of sugar crystals and hardneds shiarp edges.
Whereas in the race of making more white sugastigar crystals does loose the hardness and litsteay be seen
that whiter sugar becomes soft to powder like wiild attrition only and looses its reflection valugecondly the
crystal clarity is also missing so far crystal mosfogy is concerned. However the ICUMSA colour watemains
under 100. So far the Indian market is the avesugar crystal production should be emphasized od,hsharp
edge and full of luster instead of having tendeocirittleness. Alternatively the sugar crystal sliohave higher
modulated reflectance than lower ICUMSA colour eatunly.

CONCLUSION

On the basis of observed data it is imperativeottsitler the chemical balancing of sugar manufauguprocess on
molar ratio basis. Further to this keeping in vith@ ever increasing rates of basic chemicals, atiomal process
system needs to be modified with cost effectiveibing alternative chemicals for clarification amtewant purpose.
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