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ABSTRACT

Corn cob whichiswaste from biopolymer i.e., starchrepresent aninteresting
aternative asalow cost adsorbent because of its abundant, renewable and
biodegradabl e raw resource and properties such asits chemical stability, oil
absorption, surface area, iodine value and high reactivity, resulting fromthe
presence of chemically reactive hydroxyl groups. Corn cob is roasted at
high% with low cost chemical as catalyst to reduce time, with temperature
control to get 32% yield & certain low cost chemicalsareadded for obtaining
activated carbon. In order to minimize the energetic cost of the process, the
following optimal conditionsi.e., 2 N phosphoric acid activating solution,
impregnation time of 20 hr, activation temperature at 600° C for 60 min &
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INTRODUCTION

Cornwhichisnaturaly occurringmaterid and aso
itiseadly availablein plenty intheworld. All thecorn
manufacturesintheworld used corn starchesfor sev-
erd applicationsexcept corn cob. Corncobscontaina
considerablereservoir of carbohydrates, most of which
areof apolysaccharide nature. These polysaccharides
consig principaly of cel-wal cdluloseand hemicellu-
lose. Theterm hemicellul ose denotes those pol ysac-
charidesextractablefrom plantsby aqueousakadi. They
are characterized by thetype of sugar residue present;
thus, D-xylanisapolymer of xyloseresidues. D-man-
nan of D-mannoseresidues, etc. However, the natura
occurrence of homoglycansconsderably lessthan that
of heteroglycans in present-day corn cobs. The

heteroglycansusualy contain twotofour different types
of sugar residues, for example, L-arabino-D-xylansand
L-arabino-D-glucurono-D-xylans, and have branched
structures. Thehemice lulosesof corn cobsaremainly
heteroxylans. The cell walls of the corn cob contain
cdllulose bundleswhich areembedded inan amorphous
mass of lignin and polysaccharidematerid, thusgiving
astrong and rigid structure

Activated carboniscarbon produced from carbon-
aceous source materiassuch asnutshells, peet, wood,
coir, lignite, cod, petroleum pitch and maizecob. It can
be produced by one of the following processesi.e.,
physical or chemicd activation>!Y. Before carboniza
tion, theraw materid isimpregnated with certain chemi-
cds. Thechemical istypicdly anacid, strongbase, or a
satit6131417.18 Chemicd activationisawayspreferred
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over physical activation dueto thelower temperatures
and shorter time need to obtain activated carbon. The
absorbent properties of activated carbons are essen-
tidly attributed tother large surface area, ahigh degree
of surfacereactivity, universa adsorption effect and
favourable pore size. However commercia activated
carbon being costly has necessitated the devel opment
of activated carbon from cheaper materials. Thefol-
lowing criteriaare considered while choosing carbon-
aceousraw materials 1. Potential for obtaining high
quality carbon 2.presence of inorganics 3.volumeand
cost 4.storagelife 5.low investment 6.highyield. The
presence of inorganic and organic pollutantsin waste
water ison the increase and several of them are not
removed by conventional waste water treatment pro-
cesses and pose problems such as odour, toxicity and
foaming

Many industries, such asdyestuffs, textile, paper
and plastics, usedyesin order to color their products
and also consume substantial volumes of water. Asa
result, they generate acons derableamount of colored
waste water. Dueto extensive application, synthetic
dyes can cause considerable environmental pollution
and areserious hedth-risk factors. Dyeingindustry ef-
fluentsare one of themost problematic wastewatersto
betreated not only for their high chemical oxygen de-
mand, but aso for high biologica oxygen demand, sus-
pended solids, turbidity, toxic constituentsbut also for
color, whichisthefirst contaminant discernible by the
human eye. Dyes may affect the photosynthetic activity
inaguaticlifedueto reduced light penetration and may
aso betoxicto someaquaticlifedueto the presence of
aromatics, metals, etc. inthem. M ethylene bluedye has
highbrilliance, intengity of colors, ishighly visbleeven
invery low concentration and conventional biological
wastewater treatment syslemsareinefficient intreating
dyewastewater.Some of thetreated adsorbents have
shown good adsorption capacitiesfor methyleneblue,
Congored, crystal violet, basicred, etc., but thisad-
sorption processis costly?3. In order to decrease the
cost of treatment, thisresearch article has been made
tofind thetechnica feasibility of non-conventiond, ef-
fective, low-cost adsorbentsfor dyeremova from con-
taminated water(®1019221,
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MATERIALSAND METHODS

Raw materials

Corn cob was obtained from M/sTirupati Starch
and Chemicals, Indore, M.P. India. Phosphoric acid,
potass um hydroxideand zinc chloriderespectively were
of commercid grade

M ethods

Figure 1 shows the flow chart of activated car-
bon from maize cob. Corn cob was cleaned in water
and dried completely. It was soaked in 2N respec-
tive salts solutions (phosphoric acid, zinc chloride,
potassium hydroxide) and further it was a so soaked
in 1N, 2N, 3 N & 4 N phosphoricacid solutions for
20 hr. After this, excess solution was decanted off
and dried at 110°C for 5 hr. After this, it was taken
into areactor and heated at 180°Cfor 14 hr. followed
by thermal activation at 600° C for 60 1 hr. under a
flow of nitrogen gas (70 ml/min). After this, it was
cooled to room temperature immediately. It was
grinded in aball mill for 5hr and taken for analysis.

Physical characterization
pH

pH was found out by systronics expanded pH
meter 331 model

M oistur econtent

Thesamplewasdried at 125 °C for 24 hr. 1 g of
the sample was taken in a petri dish. It was spread
nicely onthedish. It wasthen heated at 105° Cfor 24
hr. The petri-dish was|eft open during the heating pro-
cess. After heating, the petri-dish wasremoved, cooled
inadesiccator and weighed.

Moisture content (%) =Lossinweight * 100

Volatilematter

The samplewasdried at 125 °C for 24 hr.1 g of
thesamplewasplacedinaclosed crucible. It wasthen
heated up to 925° C for exactly 7.5 minin afurnace.
The crucible was then cooled in desiccators and
weighed.

Volatilematter (%) = Lossinweight * 100
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Ash content

Thesamplewasdried at 125°C for24 h,and 1 g
of thesamplewastakeninasilicacrucibleof 10 ml
capacity and ignited in afurnace at 900 °C for 5 hr.
Thenit wasallowed to cool to room temperature and
weighed.
Ashonlgnition (%) =Weight of theAsh*100

| odinevalueof theactivated carbon

lodineva ueof the activated carbon was measured
according to the procedure established by the Ameri-
can Society for Testingand Materids.

Surfacearea

Quantasorb surface area analyser was used for
measuring the surface areaof activated carbons. The
weighed samplewastakeninthecell holder and taken
into the sampl e station. When astable base line had
been established, thesignal meter was set to zero and
the cellsimmersedintheliquid nitrogen. Asthe pesk of
the adsorption signal was app. 50-60 % on thesignal
meter, it was set to zero. Theintegrator wasreset and
thesamplecdl immersed inabeaker filled with water
until the samplerotometer bal returned towithin 1.cm
of its starting position when the sampl e had been re-
turned to zero, the integrator count wasrecorded. A
sampleof cdibrating gaswasinjected usingagastight
syringe, the calibration volume and integratorsreading
wererecorded. Thisexperiment wasrepeated two more
times by changing thevolumeof nitrogen.

Ambient temperature (Pa) =...mmHg
Samplepressure(Ps) =...mmHg

Total pressure (Pt) =Pa+ Ps=...mm Hg
Vapor pressure (Pg)=...mmHg

Saturated vapour pressure (PO)=...mm Hg
PO =Pg+ Pa

Ambient temperature=... K

Molecular weight of adsorbate (Ma) =...28 g
Adsorbate crosssectional area(A ) =...m?

Calibration gas weight (X)PM_V_
P:M.V.
10°T*6.235
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¥, * signal area

Calibration area

1
A graph was pI otted by""""“"“‘"'--- Versus P/PO
X [P0 /Py-1]

1

WhereP=C,,* P, Xu= -

Slope + intercept

X (3.483 *10° ) m”

Surfacearea(n?/g) ~

Weight of the samnle (g
Oil absorption

Thesamplewasdried for 1 hr at 125 °C and kept
indesiccatorsfor 30 min. 1 g of theSamplewastaken
inWhatmann filter paper and placed inafunnd. Dim-
ethyl phthalatewastaken in aburette and added very
dowlytoit. Whenit wascompletely absorbed,the ad-
dition stopped and noted the reading.

Oil Absorption (mL/g) = Volumeof Dimethyl Phthalate
(mL)

Sieve analysis

Test sieve B.S.5.410/43 of mesh size240 were
obtained from Geologists Syndi cate Limited, Calcutta,
West Bengd, India. India 1 kg of thesamplewastaken
into it and shacked exactly for 5sec. Test seveB.S.S
of mesh size up to 240 was used for thispurpose. Par-
ticlesleftinmesh sze240 wastaken and weighed. This
was repeated threetimes and the mean wastaken.

FTIR

FTIR analysis was made using |PRrestige-21,
FTIR-84005, Shimadzu, Corporation, Kyoto,Japan.
Sampleof 0.1 gwas mixedwith 1 g of KBr, spectros-
copy grade (M/sMerk Darmstadt,Germany), inamor-
tar. Part of thismix wasintroduced inacel| connected
to apiston of ahydraulic pump giving acompression
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pressure of 15 kP_/ cn?. The mix was converted to
aSolid discwhichwasplacedinan ovenat 105° Cfor
4 hr to prevent any interferencewith anyexisting water
vapor or carbon dioxidemolecules. Thenit wastrans-
ferred tothe FTIR analyzerand acorresponding chro-
matogram was obtained*?%,

Preparation of dyesolutions

The dye solution of 30 % concentration was pre-
pared by diluting the stock solutionwith distilled water.
The pH adjustment was carried out using 0.1 N HCI
solutions. Effect of pH on the adsorption capacity of
activated carbon from corn starch was studied in the
pH range 3to 8. The adsorption of methylenebluedye
onto activated carbon from corn cob was carried out
by shaking 15 % concentration at 30°C in a water bath-
cum-mechanica shaker for 50-300 min.

RESULTSAND DISCUSSION

The properties of activated carbonsaregivenin
table 1. Thereisno great differencesin propertiesin
pH, % moisture content, % ash content, % volatile
matter, % fixed carbon, and %yield. FromTABLE 1, it
isconcluded that characterization studiesclearly indi-
catethat the activated carbon obtained by phosphoric
acid processthan the other two processes shows high
surface area,oil absorption andiodinevauewhichis
directly related to porosity. In chemical activation, dif-
ferent activating agentsare expected to significantly af-
fect theextent of activation. Inthe present study, acti-
vating solutionswith phosphoric acid, Potassium Hy-

TABLE 1: Propertiesof activated carbons

SL. Properties HsPO, ZnCl, KOH
1 pH 05.90 06.40 06.00
2 Moisture content (%) 13.40 11.50 12.00
3 Ash content (%) 09.16 11.89 13.40
4 Volatile matter (%) 02.80 0840 07.90
5 Fixed carbon (%) 7480 7470 7450
6 Qil absorptiong/ml 01.95 0145 01.60
7 Surfacearea(m?/g)  660.00 502.25 550.00
8 Yield (%) 32.00 3190 30.85
9 Particle size (%) 240 9850 9760 97.10

10 lodine yal ue 645.80 585.50 545.40
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droxideand zinc chloride andpotass um hydroxideare
evaluated and compared. The concentrationsof vari-
ouschemical activating agentsarefixedat 2N, theim-
pregnation timefor theseagentsismaintained as 20 hr,
activation temperature 600° C and activating time 60
min. Theoil absorption, surfaceareaandiodinevaues
of activated carbonschanges gnificantly with activating
agents. Activated carbon with phosphoric acid activat-
ing solutionisquitehigh asit penetratesinto corncobis
fastandhigh
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Figurel: Flow chart of activated carbon from corn cob
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Figure2: FTIR spectrum of activated carbon from corn cob
FTIR analysis

The FTIR spectroscopic study of the produced
carbonisshown in Figure 2. The sample showsfour
major absorption bands at 2900-3500 cmr?, 1300-
1750 cm?, 1000-1250 cmt and 450-750cm. A wide
band with two maximum peaks can benoticed at 2930
and 3450 cm. The band at3450 cm? is due to the
absorption of water molecules as result of an O-H
stretching mode of hydroxyl groups and adsorbed wa-
ter, whiletheband at 2930cn!isattributed to C-H in-
teraction with the surface of the carbon. However, it
must beindicated that the bandsin therange of 3200-
3650cm ™t have al so been attributed to the hydrogen-
bonded OH group of acoholsand phenols. Inthere-
gion 1300-1750 cm't, amides can be distinguished on
surface of theactivated carbon which hastwo peaksat
1640 and 1450 cm™. These functional groups were
obtained during theactivation processasaresult of the
presence of anmoniaand primary aminesthat usualy
exist inthe carbon. Moreover, theband at 1500 cm'?
may be attributed to the aromatic carbon—carbon
stretching vibration. Thetwo peaksat 1125-1150 cm—
tyiddthefingerprint of thiscarbon. The sharp absorp-
tion band at 1125 cm* isascribed to either Si-O or C-
O stretchinginacohol, ether or hydroxyl groups. The
band at 1150 cmcan a so be associated with ether C-
O -symmetric and asymmetric stretching vibration (-
C-O-C- ring). This band could also be attributed to
theanti-symmetrical Si-O-S stretchingmodeasare-
sult of existing aluminaand silicacontaining mineras
within the corn starch samples. Theregion 450-750
cnrishowstwo bandsin the 480 and 485 cmrwhich
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are associated with the in-plane and out-of -plane aro-
matic ring deformation vibrations. Peaks at 598 and
680 cm* are assigned to the out-of-plane C-H bend-
ing mode. These spectraare a so suggested to bedue
to akalinegroupsof cyclic ketonesand their deriva
tivesadded during activation.

Effect of concentration of phosphoric acid solu-
tion used for producing activated carbons

TABLE 2: Effect of concentration of H PO solutionsonio-
dinevalueof activated car bon

Conc. of H3PO,4 (N)

lodine value (mg/g)

1 692.4
2 765.8
3 607.8

TABLE 2 showstheeffect of different concentra-
tion of phosphoric acid solutiononiodinevaue. The
iodinevalue of activated carbonis765.8mg/ g maxi-
mum only at 2N concentration indicating good surface
areaand porosity. When the concentration decreases
to 1N, theiodinevalueisrelatively low because of
insufficient phosphoric acid to react with corn cob to
efficiently crestetheinternal porestructures. However,
if the concentration of phosphoricacidisashighas3N
or more, the micro pore structure of corn starch dete-
riorated dueto excessive activating solution.

Effect of time of impregnation on activated car-
bon products

TABLE 3: Effect of impregnation timeof H3PO4 solutionson
iodinevalueof activated carbon

Impregnation time ( hr) lodine value(mg/qg)

10 502.7
15 554.8
20 665.8
25 528.9

TABLE 3showsthetimeof impregnation of phos-
phoric acid solutionson corn starches. Theiodineval-
uesof activated carbon increased gradually withtime
of impregnation, and leveled off after 20 hr. Longim-
pregnation timewould promotethe diffusion of phos-
phoric acidin corn cob. When thetimeisextended to
20 hr, equilibriumisattained inthemixtureof corn cob
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and phosphoric acid sol ution. Hence, theimpregnation
timeof 20 hrisrequired.

Effect of activation temper atureon activated car-
bon

TABLE 4: Effect of activation temper atureoniodinevalueof
activated carbon

Activation temperature’ C | odine value(mg/g)

500 5432
600 765.8
700 589.9
800 561.6

TABLE 4 showstheeffect of activation tempera-
ture on activated carbons. Theactivation temperature
isaveryinfluential parameter on the pore structure of
activated carbon, which determinesthe adsorption ca
pacity. Thevariationiniodinevauesof activated car-
bon product isinvestigated asafunction of activation
temperature. Corn cob isused asraw material and ac-
tivation timeisfixed at 60 min. Asshownin Figure6,
theiodinevaueincreases progressively with activation
temperature, and then decreaseswhen thetemperature
exceeded 600° C. At higher temperature, theporewalls
between adjacent pores are probably destroyed and
the micro-pores are destructed which led to the de-
creaseiniodinevalueof theactivated carbon. Thus, it
can be concluded that the optimum temperaturefor the
production of activated carbonsfrom corn cobisap-
proximately 600°C.

Effect of activation timeon activated carbon prod-
ucts
Thevariationsiniodineval ueof activated carbon

120
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Figure3: Effect on pH on % methylenebluedyeremoval
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produced from corn starch are shown in TABLE 5.
Theiodine values are measured as 690.9 mg/ g and
765.8mg/ g after 30 minand 60 min. of activationtime,
respectively. Thereafter, the iodine value gradually
droppedtoavalueof 574.3mg/g at 3hr. Thedecrease
iniodinevaluefor thetimeperiod of 1-3 hris consid-
ered to be dueto the extended activation of product,
resulting in the conversion of some micro poresinto
meso- pores and meso- poresinto macro- pores. This

trend indicatesthat the activationtime of 60 min. isop-
timuml7.81215.16,1821]

TABLES5: Effect of activation temper atureoniodinevalueof
activated carbon

Activation time(min) | odine value(mg/g)

30 690.9

60 766.2

90 704.6

120 616.9

180 574.8
Effect of pH

TABLE 3 showsinfluenceof time& pH on %
dyeremoval at 30 % concentration of dye solutions.
Thistrend may beexplaned onthebasisof thefact that
at pH below 6, the methylene blueionsreadily enter
into the pore structure of activated carbon from corn
cob whereasat pH beyond 6, the zwitter ionic form of
methylene bluein water aggregated to form adimer,
which was unableto enter into the pores. It showsthat
rate of methyleneuptakewasrapidintheinitia 75-100
min. Thisbecame slower during 100 to 200 min and
attaining equilibriumin 150 min. The percent removal
followed the same pattern and increases from 48 to
99.5% when timeincreased from 75t0 200 min. This
isexpected becausealarge number of surfacesitesare
availablefor adsorption at theinitial stagesand after a
lapse of time, theremaining surfacesitesaredifficult to
occupy because of repul sion between methyleneblue
mol ecules of the solid and bulk phases

CONCLUSIONS
Corncobwhichisnaturaly occurring materia and

dsoitiseasily availablein plenty intheworld. All the
corn manufacturesin theworld used corn starchesfor
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severa applicationsexcept corn cob. Theresultsof this
study show that it isfeasibleto prepare activated car-
bon from corn cob by direct chemica activation. An
activation with phosphoric acid solution from corn cob
produces activated carbon for dye waste water treat-
ment than with potassium hydroxideand zinc chloride
solutions.Adsorption of impuritiesfrom dyewastewa-
ter onto activated carbon prepared from corn cob by
phosphoric acid processwith low investment isfound
to below cost absorbent, freefrom pollution, high profit
margin& savelife
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