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INTRODUCTION

Cane sugar is a naturally occurring sweetening agent. It occurs in
canesugar,beet,maple,sweetsorghumetc.andextractedfromit.ItschemicaIfo

rmula is CyoH2,01; i.e. sucrose. Sugar supplies man with about 13% ofthe
energy required for existence. In India, cane sugar was produced morethan
2,500 years ago. India is original chief sugar producing country in
theworldandexporterofsugar.Lateron,itisspreadinJava,Cuba,PhiIippines,Chi
na,Africa,Egypt,Spainandthenintheworld.

Sugarcaneisthecashcropandmainsourceofsugararoundtheworld. Thesugarc
ane juice is used for products like white sugar, brown sugar (khansari)
and jaggery (gud). The main byproducts of sugarcane industry
arebagasseandmolasses.

Bagasseismainlyusedasfuelandfortheproductionofcompressedbreboard
paper, plastic etc. Molasses is used in distilleries for themanufacturing of
ethyl alcohol, butyl alcohol, rum etc. Cane tops
andleavesaresourceofcattlefeed.

MajorSugarcaneGrowingStates.

Sugarcaneingrowninvariousstatesinsubtropicalandtropicalregionsofthecoun
try.MainsugarcanegrowingStatesare

Sub Tropical- Uttar Pradesh, Uttarakhand, Haryana, Punjab, Bihar
withannualrainfallof180to2000mm.Theclimaterangesfromhumid, moisttodry
sub-humidandsemiaridtodrysemiarid.

Tropical region- Karnataka, Tamil Nadu, Maharashtra, Andhra
Pradesh,Gujarat Madhya Pradesh with an annual rainfall of 602 to 3640
mm havingmoisttodrysubhumidandsemj-aridtodrysemi-aridclimates




Sugarmanufacturingprocess

Themanufactureofcanesugarisbasedonremovaloffibre,non-
sugars,water,colouringmatterandnon-crystallisablesugars.

Stepsinvolvedinthemanufactureofsugar:
1)Rawmaterials
2) ExtractionofJuice

q 3) PurificationofJuice(Clarification)

4) Concentration(Evaporation)
5) Crystallization
6) Centrifugation

7) DryingandPackage

1.Raw material- The important raw material of the sugar industry
issugarcane. It is the sugarcane from which the sugar is extracted and
puresugarisproducedasanendproduct.

@ Thesugarcaneisathick, tall, perennialgrassthatflourishesintropicalorsubtropi
cal regions. Sugar cane contains of 70-75% water, 10-15%crystallisable
Sugar, 0.5-1.5% reducing sugar med from t (non-crystallisable),10-
18%fibre, 1%ash,1%organicacids,gumsand

nitrogenousbodies.




Harvesting(cutting)isdonebymanuallyorbymechanicalclutters.‘\'henthe
canes are transported to the factory. Delayed in transportation or
millingcausesinversion(hydrolysis)ofsucrosetothenoncrysta\\isableg\uco
seandfructose.Whichdecreasetheyieldofsugar.

2. Extraction of juice- After the cane arrives at the mill yard, it
ismechanicallyunloaded.Thecaneiswashedtoremovedirtandmud.

Then it is cut into small pieces by means of sharp rapidly rotating
knives(500-600 rpm) and then dropped over a moving belt, called cane
carrier
totheextractor,consistingofone,twoorthreero\ledcrusherfo\\owedbyfourro\\
edmills.

Thecanechipsarecarriedfromthecrushertomimnseriesandthereareintermediate
carrierwhichcarriesbagasse.

Formaximumextractionofjuice,thecanechipsaremoistenedtomakethem
soft. This is done with water, the juice obtained is very dilute.
Thisprocessisknownascompoundimbibition.

Gurui i
Inthisprocess,hotwaterissprayedonthecane.Thespendcaﬁé't:’i/aﬂi'epg‘\ e

elledfromthemillisknownasbagasse.Thisisabyproduct 3 /b

Bagasseisusedasafuelforsteamboilers. = |

-

\ 3\



Q

3.Clarification of the juice (purification)-The extracted juice
containsseveraIimpuritiesbothdissolvedandundissolved.Thejuiceisbrow

nishgreencolouredopaqueliquid.
Itcontains10-20%sugar,pecticsubstances(colIoidalcarbohydrate)

organic matter, colouring matter, reducing sugar, gums, mineral salts,
ﬁneﬁbreparticlesetc.A|ItheseimpuritieshampercrystaIlisationofsugar,sothe

ymustberemoved.

Thejuiceobtainedfrommi|IhouseisAcidicinnature(pH-StoS.7)

Thecla riﬂcationprocessinvolvedthefolIowingprocessl.clariﬁcationby

lime
2.sulphitation

process3.carbonation

process

Clarificationbylimedefecation
is)toglucoseandf

Inacidicmedium,sucrosegetsgradual inve
dinsuffiiéritgme nttoraisethepHto
B

ructose.Toavoidthis,lime(CaO)isadd
7.5t08.0.




Atthisstage,ifjuicecontainslessthan0.03gmofP20sper100mlofthejuice,th
enenoughphosphoricacidorsuperphosphateisaddedtobringtheamountto
higherlevel. Thishelpsclarification.Limeisaddedtokeepalkalinecondition

2.Sulphitation-

InsulphitationprocesstheconcentratedjuiceistreatedwithSO2.

In sulphitation, SO2 gas is passed through juice, by adding more lime,

morelime, more colloidal matter and non-sugars are precipitated along
withcalciumsulphite.

Sulphurdioxidehelpstobleachthejuice.

Ca(OH)2+H2S0———CaS0+2H20

3.Carbonationprocess-

Incarbonationprocess,limejuiceistreatedwithcarbondioxidegastoprecipitatelim
easCaCO3.

Inthisprocess,excesslimeisadded.Hence,duetolargea|kalinity,theremciva|of
non-sugarandcolouringmatterbecomescomplete.

Theclearjuiceobtainedagainraisedtoboilingtemperature

Ca(OH)+CO———CaCO+H:20

Thefinalclearjuiceisobtainedsendtoevaporation
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4.Concentrationof juicetosyrup(Evaporation)—

Thevapourfromtheﬁrstevapor
dvapou rsfromsecondtotheofthi
bottomofﬁrstevaporatorisconn

Theconcentrationofclariﬁedcanejuiceisdoneintwosteps.(l)First,

thejuiceisconcentratedtosyrupcontainingSO%water.
(2)Thesyrupisconcentratedtomassecuitecontainin99-11%water.

Massecuiteisasemi-solidmixtureofcrysta\linesugarandmo\asses.
Theclariﬁedjuiceisconcentratetothicksyrupbyconcentratinginmu\t

ipleeffectevaporates.
Thetopandbottomchambersarejuicechamber
mberissteamchamberorcalendria.

s.Whilemiddlecha

atorentersintotheca\endriaofsecondevaporatoran

rdetc.The
ectedtothebottomofsecondevaporator.




Similarly,thebottom

ofsecondevaporatorisconnectedtothebottomofthirdeva

poratorbyconnectingpipes. Thevacuumpumpandcondenserisattachedtothe

vapouroutletpipeoflastevaporation. Thispumpgraduallyreducesthepressure
fromfirsttolastevaporators. )

OnlysucrosecancrystalIizeatsupersaturationpointofaround85brixleavingoth
ercomponentsinthesyrupwhichmakemolasses.

Amixtureofsugarcrystalsandmolassesisreferredtoasmassecuite.

Boilingofsyrupandc

gwithtemperatureofaround60°c

e —————————— o YT

rystaIIizationtakeplaceundervacuumofaround600mm.H

Oist-Solapu
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5. Crystallizationofjuice(panboiling)-

ThesyrupyliquidfrommuItipleeffectevaporatorisfurtherconcentratedbyremoving
mostofthewaterbyheatinginsinglepanevaporatorcalled
vacuum pan.

Itisalsoﬁttedwithavacuumgauge,thermometer,asamplingstickandasafety
device and concentration in it is carried out to the crystallisationpoint.

ThegrowthofthecrystalscontinuesuntilthepanisfulI.Whensucroseconcentrat
ionreachesthedesiredlevel,thedensemixtureofsyrupandsugar crystals,
called massecuite, in discharged into forge containersknowncrystallizers.

Crystallizationcontinuesinthecrystallizersasthemassecuiteisslowlystirredan

dcooled.




Onlysucrosecancrystallizeatsupersaturationpointofaround85brixleavingoth
ercomponentsinthesyrupwhichmakemolasses.

Amixtureofsugarcrystalsandmolassesisreferredtoasmassecuite.

BoilingofsyrupandcrystalIizationtakeplaceundervacuumofaround600mmngit
htemperatureofaround60°c,

Crystallizationinthispantakesplaceintwostepsl.Graining

2.shocktreatmentmethod

1.Graining-
Thesyrupisheatedwithsteamundervacuuminthepan.Concentrationofthesy
rupiscarriedouttillsu persaturationofsucrosetakesplace(84-
85%o0fsucroseat80°C).

EvenatthisstageCrystalIizationdoesnottakeplaceautomaticalIy.toinduced
the formation of seed crystals i.e to arrive at graining point thesuper
saturation has to be broken. This is done by shock treatment method.

2. Shocktreatment method:

aturation is broken by sudden chilling which is done either

The supers |
bydecreasingtherateofsteamﬂoworbyincreasingthevacuumorbysuddenmtrodu
ctionofaIargeamountofcoldsyrup B o

Tar




Thegrainingpointischeckedbyplacingadropofsolutiononglassplate,itshowssmall
crystal,whichshinesunderlamplight. Thisisthegraining
point.

Asemi-
solidmassconsistingofsugarcrystalsandmolasses(massecuite)isobtainedno

W.

6. Centrifugation-

Centrifugesuseconenfugalforceseparatesugarcrystalsfrommolassesbasedd
ifferencesintheirdensities.

Molassesislessdensethansugarcrystalshenceispushedawayfromthespinnin
g point to the walls of the centrifuge due to greater centrifugal forceon it
and passes through the screen and collected in the molasses
tankwhiIesugarcrystaIsremainatthecentreanddroppedonHopper.
SugarcrystalsinmassecuiteAisseparatedfrommolassesbybatchcentri

fuge

Thiscentrifugerevolveataspeedofaround1200rpm

ThesugarAistheonIyonethatispackedandtakentothemarket
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7. Dryingprocess-

The wet sugar obtained is dried in a granulated drier. The granulator is
ahorizontal rotating drum with series of narrow shelves, in which sugar
isaIlowedtofallinthestreamofhotairwhichisblowninoppositedirection.Thue,w
etcrystalsaredriedandgradedaccordingtosizeofthecrystaIs.

Packaging-

Before packaging, the sugar is cleaned to remove any impurities or
foreignmaterials. Thesugaristhengradedaccordingtosizeandcolor. Thisgradingproc
essensuresuniformityinthefinalproduct.

Thepackagingprocess involves fillingbagsorcontainers
withtheappropriateamountofsugar.
Thebagsarethensealedandlabelledwithrelevantinformationsuchasbrandna
me,weight,andproductiondate, ‘




Samplesaretakenfromeach
. batchofpacka .
isturecontent,andparticlesize. packagedsugarandtestedforpurity,mo

Thisens '
uresthatthesuga rmeetsthereqmredstandardsandissafeforconsumption

Packagedsugarisst [

oredinacontrolledenvironm

: ironmenttopreve
oistureandothercontaminants. Preventexposureto

Useoflabinsugarindustry
quipmentandchemicals

ocess which depends on
cessing\ineandﬁn

Laboratoryisaroomwithe fordoingscientiﬁctests.

g refers to the pr

Laboratory testin
dentifyproblemswithrawmaterials,pro

scientiﬁcanalysistoi
slfoodproduct.

ItprovidesanalyticaIdataonthequalityoftheproduct.




Allofoursugarproductsmustbetestedinordertomeettheirrequiredspeciﬁcatio

ns

thepHbalance

toverifytheacidity/ alkalinity
thecolourtoprovidevisuaIveriﬂcationthroughthesolution

polarisationtoensurethattheproducthasbeeninvertedcorrectlytoattaintherig
htconversion

Sugarcolour

Byproductofsugarandtheiruses

Thesuccessandeconomicdevelopmentoﬁndustrydependsuponproperutilisation
ofby-products.Thishelpstoreducethecostofsugar
production.Thetwomainby-produCtsofsugar industryare:

(1) Bagasseand
(2) Molasses.

Theseby-
productsutilizedinordertoreduceamountsofpo\lutantsintheenvironmentaswellas

increasingrevenuegeneratedbytheindustry.

1.Bagasse
ThisisthespentcaneorpulpexpelledfromthelastmiIlaftermaximumextractionofth
ejuice.

It contains about 52-58% of solid matter mainly cane fibre and
remain'|ngbeingwater.Thebagasseisusedforfollowingpurposes:
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Usesofbagasse
DirectutilisationofBagasse:Itisusedforthe

(1) generation of highormedium pressuresteam forelectricitygeneration
(i) asafuelforfurnacesinsugarfactoriesand

(iii) asafuelsubstituteforcharcoalorwoodusedforcookingpurposeofopenf
ires.

Inthemanufactureofmethaneandproducergas:

Producer gas (CO + N2) is made by burning of bagasse to bagasse ash

bymeansofamixtureofairandsteam, resultinggasbeingamixtureofburntandcom
bustiblegas.

Asananimalfeed(cattlefeed):

Bagasse,itsmixturewithmolassesandammoniatedbagasseareusedforfeedingan
imals




Assoilconditioner(fertilizer):

The compost of bagasse contains potassium 0.3%, P205 0.005%,
nitrogen0.4%andhenceusedasnaturaIfertilizer.

2. Molasses

Thisthemotherquuorleftafterthecrysta|Iizationofthesucrose.ItisaIsoknow
nasblackstrapmolasses.Itcontainsconsiderableamount(aboutZS%)ofsu

crose.

Hence,itisusedintheproductionofethanoIbyfermentationprocess.Fewuseso
fmolassesareasgivenbelow.

Usesofmolasses

(I)Itisusedinthemanufactureofethylalcoholbyfermentationprocess.

(! !)Itisusedintheprod uctionofchemicaIsIikeacetone,aceticacid,aceta|dehyde,b

utanoletc.

(iii)Itisusedasananima|feed
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