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ABSTRACT

Pollution of water by organic and inorganic chemicalsis of seriousenviron-
mental concern. Sugar industry is one of the biggest consumer of water, and
can also introduce serious pollutant to the environment. Water utilities use
granular activated carbon (GAC) to remove variety of contaminants like
COD and BOD. Which are well studied during this study, whose results
follow the Freundlich and Langmuir adsorption isotherm. Granular Activated
Carbon (GAC) prepared fromwood and nutshell charcoal with specific sur-
faceareaof 10.50 cm?/gm and particle size 1.08 mmisused asan adsorbent to
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the combined waste water of Sugar mill at room temperature. The different
dosage of GACiskept in contact for 24 hours, then they will analyzed before

and after treatment.

INTRODUCTION

Water is one of the most essential substances
needed to sustain any animal/organism aswell asin-
dustries. Sugar industry isone of the biggest consumer
of water, and can a sointroduce seriouspollutant tothe
environment. Chemica aswell asbiologica treatment
to these wastewatersarein practice sincelong™. In
the present study, it was aimed to carry out experi-
mentsusing Granular Activated Carbon for theremova
of organic contaminantsespecialy COD contributing
componentsfrom the combined wastewater of Sugar
Industry, which issituated in South Gujarat region of
India. A number of conventiond treatment technologies
have been considered for trestment of wastewater con-
taminated with organi ¢ substances. Among them, ad-
sorption process is found to be the most effective
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method. Adsorption as awastewater treatment pro-
cess has aroused considerabl e interest during recent
years. Commercia activated carbonisregarded asthe
most effectivematerid for controlling theorganicload?.
For removal of the organic contaminantsfrom indus-
trial waste water adsorption has become one of the
best effective and economica method, thusthispro-
cess has aroused considerabl e interest during recent
years. Current research hasfocused onmodified or in-
novative approach that more adequately addressthe
removal of organic pollutants®. Adsorption of various
substances onto carbon surfaceis an exceedingly com-
plex processto solve the water quality problem has
been discussed thoroughly™. The presentation of the
solute adsorbed per unit weight/ volume of the adsor-
bent asthefunction of theequilibrium concentrationin
the bulk solution at constant temperatureistermed as
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the ¢ Adsorption Isotherm’®. A novel Freundlich type
multi-components adsorption isotherm was employed
successfully to describe the adsorption of organic pol-
|utants on activated carbon from the multi-component
aqueous solution'®, Someinvestigatorsfound that par-
ticular organic suspended solidscould interferewith the
adsorption process, both interm of adsorption capac-
ity and adsorptionrate, however theeffect of the solids
diminished asthe size of the adsorbent increased”.

GAC showsadvantagesin its application because
it exhibits high porosity, large surface and is easy to
reactivateafter itsexhaustionandiseasy to handle. Ad-
sorptionisasurface phenomenon. Physical adsorption
takesplaceat |ower temperatures, whilechemical ad-
sorptioniseffectivewithlocalized high energy produc-
ingionic bonds. So, isotherm testsare carried out for
the effective dose of carbon by batch experiments.
Column testsare conducted to find out operating ca-
pacity of the carbon with optimum flow rate and bed
depth. Reactivation of spent carbon from waste water
effluent is performed by therma regeneration process
or eectro chemica process. Activated carboniswidely
used and adsorption mode s have been effectively ap-
plied for partial or completeremoval of various sub-
stances®.

Theeffect of particle size and shape of adsorbent
on adsorptionismeasured by computerized imageana
lyzer®, Rates of adsorption increaseswith thereduc-
tioninparticdeszeanditisinversdy proportiond tothe
square of the carbon particle diameter*”. The adsorp-
tion characteristics of threetypesof activated carbon
for 17pB-estradiol were studied by long term experi-
mentsto assessthetimewhichisnecessary to reach
equilibrium betweenthe solid and theliquid phase. The
equilibrium concentrationswereca culated to beat 49—
81% of theinitia concentrationinthe concentration
range between 1 and 100 pg/1, with 0.51 pg/l fora 1
ug/l and between 5.9 and 14.6 pg/1 for 100 pg/l initial
concentration*Y,

Oneof thedrinking waterworks supply was stud-
ied by bench-scal e experiments examining effects of
different particle size of granular activated carbon
(GACQC), pH, dosage, and temperature, and by forming
the Freundlich adsorption model. The adsorption per-
formancecould bes gnificantly improved by usngsmdl-
size GAC, low pH, low temperature, and an increase
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inthe dosage of GAC*2, Thestudy of two algal odor-
antsdimethyl trisulfide and -cyclocitral adsorption on
granular activated carbon (GAC) wasinvestigated. It
was concluded that among the four isotherm models
(Langmuir, Freundlich, Temkin, and Dubinin-
Radushkevich), Freundlichisotherm showed the best
fitting with the equilibrium datain terms of the coeffi-
cient of determination (R?) and Chi-square (y?)™.
Volatile Organic Compounds (VOCs) such as
methanol, ethanol, methyl ethyl keton, benzene, n-pro-
panol, toluene, and o-xylenewere adsorbed in alabo-
ratory-scal e packed-bed adsorber using granular acti-
vated carbon (GAC) at 101.3 kPa.. The adsorption
isotherm, and adsorbed amount and adsorption heat of
V OCswereobta ned using the breskthrough curve: the
former for comparison with the conventional isotherm
modd s, thelatter for correlation with thephysicd prop-
erties of VOCg™., Chromium ismainly used in the
leather and wood industries can beremoved fromwaste
by various processeslike adsorption. The Cr(V1) ad-
sorption by commercial granular activated carbon
(GAC) asadsorbent from diluted solutions, and batch
systemswith controlled pH, In addition- effect of pH
onthe Cr(VI) adsorption, adsorption equilibrium, and
Kinetic were studied under experimenta conditions(pH
=6, MA =6g, for 90min.). Onthe GAC surface, car-
boxylic groupswerefound to bein higher concentra-
tions(MAS=0,43 mmol/gCAG), which increasethe
Cr(VI) adsorption, principaly in acidic pH values®.
The performance of thegranular activated carbon
(GAC) fixed bed adsorption, the continuous photoca:
talysissystemsand acombination of thetwowerestud-
ied to evauatetheir capabilitiesin removing the herbi-
cide of metsulfuron-methyl (MM) from waste water.
Remova of MM viaadsorption using GAC fixed beds
of 5, 10and 15 cm depths (operated at meter per hour)
achieved aremoval of 35, 55 and 65% of MM respec-
tively!*®. The performances of GAC adsorption and
GA C bioadsorptionintermsof dissolved organic car-
bon (DOC) remova wereinvestigated with synthetic
biologicdly treated sewageeffluent (BTSE), synthetic
primary treated sewageeffluent (PTSE), re BTSE and
red PTSE. Themanamsof thestudy aretoverify and
comparetheefficiency of DOC remova by GAC (ad-
sorption) and acclimatized GAC (bioadsorption). The
resultsindicated that the performance of bioadsorption
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was significantly better than that of adsorptionin all
cases, showing the practical useof biological granular
activated carbon (BGAC) infiltration process. Themost
significancewasobserved at ared PTSEwithaGAC
doseof 5 g/L, having 54% and 96% of DOC removal
by adsorption and bioadsorption, respectively*7.

EXPERIMENTAL

Wastewater sampleswere collected from the ur-
banized village. The pH and EC of the sampleswere
measured on the site and the other parameters were
analyzed in the lab according to the APHA (1989).
Samples were stored at temperature below 3°C to
avoid any changein the physic-chemical characteris-
tics. The COD of the sampleswere estimated before
and after adsorption giving different treatment.

—— Fyll Peper

Granular Activated Carbon (GAC) with specific sur-
facearea10.50 cm?/gm and particlesize 1.08 mmwas
used as an adsorbent for the treatment of sugar indus-
try wastewater. For present research work the adsor-
bent samplewas prepared from wood and nutshel | char-
cod . Theprocess of manufacturing of activated carbon
included carbonization followed by activation. Wherein
on pyrolysisof raw materia spolynuclear aromatic sys-
tem get resulted. The carbon formed would befurther
activated by burningitin amosphereof CO,, CO, O,,
H,O vapour, air or other selected gases at temperature
between 300 to 1000° C.

These activated carbonswere added to sugar in-
dustry wastewater sampleand themixturewas stirred
well and waskept in contact until equilibrium state at-
tain and that was 24 hoursfor thissystem. Theknown
quantity (1 liter) of samplewastreated with different

TABLE 1: Theinfluenceof dosagevariation of granular activated carbon (GAC) on variousphysico-chemical char acterigtic

of sugar industry wastewater

Adsorbent: Granular Activated Carbon (GAC)
Specific Surface Area: 10.50 cm?/ gm
Particle size: 1.08 mm

Room temperature: 26+ 1°C
Contact duration: 24 Hours

Parameter Untreated Sample 1gm/L 2gm/L 5gm/L 10gm/L 15gm/L 20gm/L 30gmiL
pH 5.68 7.18 7.23 7.32 7.45 7.84 7.84 7.84
Conductance (m mho) 1.737 171 1.713 1.713 1.791 1.792 1.799 1.799
COD (mg/L) 1847.58 1254.96 1150.38 1080.66 836.64  766.92 697.2 697.2
BOD (mg/L) 310 272.8 248 2232 186 161.2 124 62
Alkalinity (mg/L) 1000 750 750 750 750 750 750 750
Hardness (mg/L) 850 520 520 520 520 520 520 520
Chloride (mg/L) 137.457 137.457 137457 137.457 137457 137457 137457 137.457

TABLE 2: Freundlich and Langmuir adsor ption isother m parameter sfor COD contributing componentsand per cent

removal of COD in presenceof GAC

Adsorbent: Granular activated carbon (GAC)
Specific surface area: 10.50 cm? gm
Particle size: 1.08 mm

Room temperature: 26+ 1°C
Contact duration: 24 Hours

N Adsoibetnt Eq. Conc. R—eg Oéaj de=x/m  Removal .0~ oym 1Cx10°  1/gul0?
) colrjncgnr]/all_l)on Cen (ML) X(_m(;;L)eq (mlgm) % 0gCeq logx/m X qeX

1 0 1847.58 32666 05412 -

2 1 125406 59262 59264 3208 30086 27728 07968  0.1687
3 2 115038 6972 3486 3773 30608 25423 08693  0.2869
4 5 1080.66 76692 153384 4151 30337 21858 09254  0.6520
5 10 83664 102094 101094 5472 29225 20047 11953 09892
6 15 76692  1080.66 72044 5849 28848 18576 13039  1.3880
7 20 6972 115038 57519 6226 28434 17598 14343 17386
8 30 6972 115038 38346 6226 28434 15837 14343 26078
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amount of Granular Activated Carbonviz 1, 2, 5, 10,
15, 20, 30 gm/L stirred well and kept in contact for 24
hoursat room temperature. Then thesampleswerefil-
tered and anayzed for various phys co-chemica char-
acteristics. Thisstudy was especially concentrated on
COD remova. Themethod for determination of COD
practicableisdichromatereflux method followed from
‘Standard methods for the water and waste water’*¢l,
Theresultsfor each doseare presentedinTABLE 1, 2
andfigurel, 2.

29
274
25

275 28 285 29 295 3 3.05 31 315 32
log Ceq

Figurel: Freundlich adsorption isothermfor CODinto GAC

28

075 085 085 105 115 126 135 145 155 165
UC,, x 10°

Figure?2: Langmuir adsor ption isotherm for COD onto GAC

RESULTSAND DISCUSSION

TABLE 1 showstheinfluence of dosevariation of
Granular Activated Carbon onto various physi co-chemi-
cd characteristicsof thecombined wastewater of Sugar
Industry at room temperature. ThepH of the untreated
sampleis5.68 whichincrease upto 7.84 at the dose of
15 gm/L dose of GA C and remain constant for higher
dose. The conductanceincreased from 1.737 mmho
(initial) to 1.799 mmho at thedose of 20gm/L of GAC.
Theinitid COD content of thewastewater was 1847.58
mg/L whichisreducedto 697.2 mg/L with 20gm/L of
GAC and remains constant for higher dose. TheBOD
content of thewaste water is310 mg/L isreduced to
62 mg/L withincreasing dose of GAC. Theadkdinity
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and hardness removal arefound to be 750mg/L and
520 mg/L respectively from 1000mg/L and 850 mg/L
of initial stage which remains constant at each dose.
Thechloride content isnot affected at any concentra-
tionof GAC.

TABLE 2 representsthe datafor Freundlich and
Langmuir adsorption isothermsa ong with percent re-
moval of COD exerting componentsof sugar industry
wastewater onto GAC. It can be seen that the percent
removal of COD increases with increase in GAC
concentration from 32.07% to 62.26% with 20 gm/L
of GAC and remain constant for higher dose.. There-
moval per unit weight isfound to be decreased from
592.62 mg/gm to 38.346 mg/gmwithincreasein GAC
dose. Thelogarithmicvauesof equilibrium concentra-
tion (Ceq) andremovd per unit weight (x/m) weregiven
in table which were used for the explanation of
Freundlich adsorptionisotherm mode whereasthein-
versevauesneeded for Langmuir isotherm moddl.

Figure 1 representstheplot of log Ceq Vslogx/m
(COD) for fly GAC. Thestraight line natureof the plot
corresponds to slope 1/n and intercept K. 1/nisre-
lated to adsorptionintensity whosevalueis5.3158 for
COD whileintercept K onY-axisrelated to adsorption
capacity isfoundtobe 1.15

Figure 2 representsthe plot of Langmuir param-
elersviz, JJCeq x 10°and 1/g,_x 10°. The nature of the
curvefor COD onto GAC islinear however theinter-
cept on X-axisrelated to adsorption energy (L/mg) i.e.
bx 10%is0.76 L/mg for COD exerting components.
These values can be used to cal cul ate the adsorption
capacity ©,i.e279.18 (mg/gm).

Influence of different dose of GAC on various
phys co-chemica characteristicscan beexplained asthe
pH increaseswithincreasingamount of GAC dosecan
belinked with remova of components contributingto
acidic character of thewastewater sample, smilar con-
clusoncanbedrawvnforincressngremovad of dkalinity
and hardness. At higher dose of GA C the conductance
of thewastewater isseemsto beincreased ad so suggest
theincreasing amount of ionic species. Theresultsfor
COD dearly establishestheremova of COD contribu-
tors can be explained on the basi s of adsorption phe-
nomenon and the extent can beco-related withincreas-
ing adsorption steswithincreaseinthedose, thesmilar
adsorption phenomenon occursfor theremova of BOD
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causing contaminants. Itisevident fromtheresult thet the

presenceof the GA C siteshasno effect oninitia chlo-

ride content of thewastewater sample.

TABLE 2 representsthe datafor Freundlich and
Langmuir adsorption isothermsa ong with percent re-
mova for COD onto GAC. Theseinformation areused
to provethe adsorption isotherm model and from that
the Adsorption intensity, Adsorption energy and Ad-
sorption capacity can be calculated. The percent re-
moval of COD seemsto beincreased withincreasein
doseof adsorbent. Thelogarithmic andinversevaues
of Cq and x/mareused for plot of isotherm.

Thelogarithmicvaueof equilibrium concentration
and removal per unit weight givesthelinear plot for
COD by GAC confirmthe applicability of Freundlich
adsorption isotherm. It isthe most widely used math-
ematical description of adsorption in agueoussystems.
Theequationisan empirical expression that covers
the heterogeneity of the surface and exponentia dis-
tribution of sitesand their energies. With the purpose
of linearization the equation isrepresentedin logarith-
micformas—
logx/m=1logK +1/nlog Cu

Theplotof log Ceqversuslogx/m givesdraightline
withadopeof 1/nandlogK istheintercept of logx/m
alog Ceq =0whichindicatesthat Freundlich adsorp-
tionisothermmodd isapplicable.

Thesametableshowsthe Langmuir adsorptioniso-
thermfor COD by GAC. Langmuir isothermisaplot
of theamount of impurity adsorbed by GA C against
theamount of impurity that remainsin solution. Itisa
preliminary test to check the efficiency of particular
meaterid.

Thesemodesof action canbeexplainedonthebasis
of Langmuir’s model, i.e. ‘Ideal localized monolayer
modd’ according to which:

1. Themoleculesareadsorbed at definitesitesonthe
surface of the adsorbent.

2. Each site can accommodate only one molecule
(monolaye).

3. Theareaof each siteisafixed quantity determine
solely by thegeometry of the surface.

4. Theadsorption energy isthesameat all thesites.
Such behavior onthebasisof kinetic consderation,
presuming that the adsorbed molecul es cannot mi-
grateacrossthe surface of theinteract with another

—— Fyll Peper

nei ghboring mol ecules can bemathematicaly ex-

pressed asunder

1/g,=1/0px1C_ +1/6,
Where g, = amount of solute adsorbed per unit weight of
adsorbent(mg/gm); = x/mi.e. x isamount of adsorbate adsorbed
(mg/L); mis weight of adsorbent (gm/L); Ceq = equilibrium
concentration of the solute (mg/L); ©, = Langmuir constant
related to adsorption capacity (mg/gm); b = Langmuir con-
stant related to adsorption energy (L/mg)

Plot of log C, versuslogx/misastraight linein
nature, presented in figure 1 suggeststheapplicability
of thisisotherm and indicate amonolayer coverage of
the adsorbate on the outer surface of the adsorbent.
The steep dopeindicates high adsorptiveintensity at
high equilibrium concentration that rapidly diminished
at lower equilibrium concentration covered by theiso-
therm. AsFreundlich equation indicatesthe adsorptive
cgpacity x/misafunction of theequilibrium concentra
tion of thesolute. Therefore, higher capacity isobtained
at higher equilibrium concentrations.

Figure 2 representsthe plot of Langmuir adsorp-
tionisotherm for COD contributing components onto
GAC. Thedtraight line nature of the plot confirmsthe
applicability of the Langmuir model and a sothemono-
layer coverage. The Langmuir constant © inmg/gm
related to adsorption capacity indicate avail ability of
more surface activeregion onto adsorbent siteand b x
10% L/mg rel ated to adsorption energy intermsof x/m
iIsacharacteristic of the system.

CONCLUSION

Thisstudy leadsusto the conclusion that thefinal
combined wastewater of Sugar manufacturingunitis
highly polluted having higher COD vaue. Dueto some
practical limitation only COD parameter isemphasized
inthis paper when thefinal combined waste water of
Sugar mill istreated withfinely divided low cost mate-
rial GAC at room temperaturefor 24 hours of contact
duration thefollowing resultsareachieved.

I.  Themaximum COD removad isfoundat 30gmvL of
GAC concentrationi.e. 66.04%

ii. 30gm/L Granular Activated CarbonremovesBOD
contributing components of thewaste water up to
62.26%

iii. Thechloridecontent of the sampledo not affected
at all withincreasing amount of GAC.

—— a%a['yttaa[’ CHEMISTRY
A ndian W



532

The influence of dosage variation of granular activated carbon (GAC)

ACAIJ, 10(8) 2011

Full Peaper ==

iv. Atroomtemperature GAC worksasan adsorbent
andfollow Freundlichand Langmuir isotherm mod-
éls. Theresultsgive straight linewhich confirmsthe
goplicability of isotherm.

a. TheFreundlich constant K anintercept on X
axisisrelated to adsorption capacity isfound
tobel.15whilethedopel/nisrelated to ad-
sorption intensity isfound to be 5.3146

b. Thesraghtlineof theLangmuir plot givesin-
terceptonY axiscalled bx 10°L/mgi.e. ad-
sorption energy is0.76 and the cal cul ated ad-
sorption capacity ©,mg/gmis279.18
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