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ABSTRACT

In this research, the removal of pollution load from cooking oil mill effluent (sun flower oil, ground nut oil) was
done using a naturally available biological adsorbent-crab shell chitosan of low molecular weight. The parameters
which affect the pollutant load in the effluent are COD, TSS, TDS, TS and Turbidity. In these parameters, COD is
having the major effect in the pollution load of the cooking oil mill effluent. Batch adsor ption studies were done for
the reduction of COD from the effluent by varying the chitosan dosage(2g-15g), pH (2-9), contact time (0.5hr-3hr),
agitation speed (500r pm-1000rpm), adsorbent size (0.4mm-5mm). All the parameters were optimized graphically by
conducting batch experimental runs. Sudies on the kinetics of batch adsorption were done for the determination of
equilibrium constants for predicting the best kinetic model among pseudo first order equation, pseudo second order
equation, Elovich equation and fractional power model. Adsorption isotherms were also done for analyzing the
process using equilibrium data to better understanding the system. Based on the experimental results, it was found
that the maximum COD reduction of 86% were obtained using the crab shell chitosan as an adsorbent at optimized
values of above parameters. From the research, it was found that the kinetics of adsorption in the reduction of COD
was evidently fitting to pseudo first order kinetics.

INTRODUCTION

For many decades, the treatment of cooking oilefit like palm oil, sunflower oil, groundnut oil,ustered oil,
corn oil etc. is a major issue of environmentalaan in developing countries like India, China, &rdanka etc.

The waste water stream coming out from the proogsplant of refineries make serious environmentdces
which become great threats to aquatic and teratdife. It is due to the high organic and inorganontent present
in the effluent. Hence its treatment is essenti@rgo its disposal .The choice of method usedtfier treatment of
this effluent is based on the amount of organiciandganic substance present in it and its disahamnditions [3,
4, 5].

There are many methods used for the treatment efcttoking oil mill effluent successfully. Great teaf
literatures are also available on this researcleasistudies tell that physiochemical and biologio@thods of
treatment of cooking oil mill effluent is efficienBut still there is a chance of waste generatioit.iSo that it is a
major challenge to be overcome by cooking oil pssdadustries. The presence of fatty acids, aldefyalcohols,
other organic materials and suspended impuritigsarcooking oil effluent creates the toxicity dod pH in it [1,
3, 5, 7]. This serious environmental problem carsdlged by adsorption using low cost biological@tients such
as chitin and chitosan [8, 9].
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The use of low cost chitin by many researchers digdn successful results in the removal of metdy®s and
organic compounds from waste water [11, 12]. Recesgarch on the removal of anionic dyes with cigehitosan
has been recorded a great achievement [9, 10]n¥dtal adsorption capacity of chitosan affects tis&itution of
acetyl groups present in the waste water. Anotbsearch illustrates the coagulation efficiency lotasan with
respect to the molecular weight of the main orgaoitutant present in it [4, 7].

Considering all these applications of the biolobm@sorbents, the crab shell chitosan is newlymenended as a
good adsorbent because of its excellent propedikiesbiodegradability, biocompatibility, adsorpti@ntibacterial
property and non toxicity. It can be also used awagulant, bactericide and pollutant reducing aden the
removal of organics pathogens, suspended solidsidity, biological oxygen demand, chemical oxygermand etc
from the waste water. The main advantages of tkeofixrab shell chitosan for the treatment of cogkoil mill
effluent as an adsorbent are its local availahiktyo friendly nature and cost effectiveness [VB¢ can make a
meaning full change in the operating cost, efficielnd portability by selecting a suitable biol@gitreatment
method. Hence by this study, we are proposing aiabattention on the comparison on the efflueatitment by
batch process and continuous process (packed Isedotidn column) as future work.

Many researches are working on the reduction dfipoh load in the waste water by using low cogghhefficient
adsorbents. But no major studies are going ford¢hsoval pollution load in the cooking oil mill efiént. Therefore
in this project we are carried out a multiple as&\of the treatment of cooking oil mill efflueny the usage of low
cost crab shell adsorbent. The optimum values gfgadorbent dosage, adsorbent size, speed ofiagjtatixing
time to the best performance of crab shell chitosare determined and the kinetic data are analysety various
models and isotherms for better exploration.

EXPERIMENTAL SECTION
Crab shell of low molecular weight was obtainednfrthe sea or market. It was dried and pulverizeduging

secondary crusher. Ex: Ball mill. For the pH adjustt of the adsorbent, it was treated by using 1GL Hnd
activated chemically by using ZnCIThe molecular structure of the crab shell chibdsashown below.
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Figure 1: Structure of crab shell chitosan of low mlecular weight

The waste water sample collected from the cookihgefinery was stored at low temperature to avbiel bacterial
action. The main parameters studied are COD, TCER, TS, and Turbidity. Chemical oxygen demand (C@D)
defined as the amount of oxygen required to oxidizedegrade the organic and inorganic pollutanesgmt in the
given sample completely chemically. COD is measungdhe oxidation of organic matters by a strongrulcal
oxidation which is equal to the amount of organiatters in the sample, and it was measured volucadiriin the
analysis laboratory.

2.1 Adsorption Process and Experimental Condition

In the present work, the adsorption of the orgamiltutants from the raw effluent sample was coneddty batch
mode experiments for reducing COD. The processpeaformed by agitating 100ml of cooking oil millfieent
sample solution having an initial value of COD &08mg/l with the known amount of crab shell adsotbe
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Experiments were conducted to study the effect afous parameters in different ranges such as pH2)2
Adsorbent dosage (5g/I-30g.1), Size of the adsdrf@4mm- 5mm), Agitation speed (Orpm-1200rpm), diche
(0.5hr-3hr). All the experiments were repeatedrafgying the temperature of the system by 30°CC4ind 50°C.
The influence of these parameters on the remov&@l@D from the cooking oil mill effluent were detdmad and
optimized.

The amount of adsorption at time t, gt (mg/g) walswdated by
— (Co—C)xV

qQe=—"F1" )

¢ Cy=initial COD of the waste water sample (mg/I).

« C; =final COD of the waste water sample at time ‘g(ih
¢V =volume of the sample (ml).

* m = mass of the dry adsorbent used (g).

The percentage removal of COD from the effluentlmamrcalculated by the formula

Percentage of COD reductionc—‘z-:—c x 100 (2)
0

RESULTS AND DISCUSSION

3.1 Effect of pH removal of Organic matter

The pH of the cooking oil mill effluent is one dfe most important factors controlling the adsomptwocess to
remove the toxic pollutants [17, 18]. In this wavke studied the effect of pH on the adsorption psedsy varying
the pH level of the waste water sample from 2-¥2nithe experimental results, it was observedtti@increase in
the pH value enhance the removal of COD, Turbidity This may be due to that number of positiveghan the
adsorbent surfaces increases the attraction oftimegzharged molecules present in the effluent. @kgerimental
results and graph shown in the figure 2gives thetaptimum pH was 9 for this study.

Effect of pH on % reduction COD
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Figure 2: Effect of pH removal of Organic matter:

3.2 Effect of adsorbent dosage on removal of organimatter

In order to study the effect of adsorbent dosagperentage reduction of COD from cooking oil reffluent, the
adsorbent dosage of the waste water sample wasdviidm 5 g/l — 30 g/l. The pH was maintained sitoptimum
value throughout the experiment. It was observed tie percentage reduction of COD increases withrease in
adsorbent dosage for a given contact time. Thikiésto the fact that the increase in adsorbentgdosahances the
surface area and availability of more adsorptidessj21, 22]. The optimum adsorbent dosage wasdfdarbe 20
g/l
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3.3 Effect of agitation speed on removal of organimatter

Agitation is an important parameter in batch adsonpprocess. It increases the distribution ofgbkite in the bulk
solution and the formation of the external boundager [19 20]. The experiments were performedniestigate
the effect of agitation speed on the removal ofoter parameters by varying the speed of the agifedam 500 rpm
to 1000 rpm. The experiments were conducted attaohgH and adsorbent dosage. From the resultag w

observed that the agitation speed is directly prtagreal to the removal percentage and the optimateris found
to be 800 rpm.

3.4 Effect of particle size on removal of organicampounds

In adsorption process the size of the adsorbemnismportant factor. The magnitude of adsorptiordirectly
proportional to the surface area of the adsortibetefore we have got the good results by decrgahim effective
diameter of the chitosan while performing the ekpent [16, 19, 20]. The experiment was conductesize range
of the adsorbent from 5mm to 0.4mm (powder).Atehd of the investigation, it was obtained thate fpowdered
form of crab shell chitosan is suitable for theqass.

3.5 Effect of contact time on the removal of organi compounds

In this investigation, it was concluded that therenttme reacted the more organic compounds werevedh This
experiment is conducted by varying the time fronmB0to 4 hours. After further increase in time fr@&hours,
there is no distinguishable change in the reduatfoBOD. As the result given in the figure 3, th@imum value of
time for the batch reaction is 3 hours.

Effect of contact time on % reduction COD
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Figure 3: Effect of contact time on the removal obrganic compounds

KINETICS OF ADSORPTION
4.1 Pseudo First Order Equation

The adsorption kinetics may be described by a psétat order equation. The linear first order etiprais
kqt

log(qe — q:) = log qe — - ®)
* g. and gare the adsorption capacity (mg/g) at equilibriamd at time t (hr) respectively.
« kq- equilibrium rate constant of pseudo first ordguation. (ht')

The slopes and intercepts of the plot of lggd;) Vs time were used to determine the first ordés cnstant Jand
the equilibrium adsorption capacity. The resulis presented in th€able 1 Since the theoretical galues found
from the first order kinetic model has given readda values, the kinetics of adsorption of is taliera pseudo first
order mechanism.
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pseudo first order equation
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Figure 4: Determination of constants in pseudo firsorder equation

4.2 Pseudo Second Order Equation
The adsorption kinetics may be also described leyighs second order equation. The linear pseudo denater
equation is

t 1 t

Lt @

ac k2qe?  qe

* (e and gare the adsorption capacity (mg/g) at equilibrizma at time t (hr) respectively.
¢ k,- equilibrium rate constant of pseudo second oedeiation (g/mg hr).

The slopes and intercepts of plot;ti¢s t were used to calculate the second order gaistant kand q. The
correlation coefficients Rfor the second order kinetic model obtained werendl to be 0.9 for all the adsorbents.
The calculated gvalues also agree with the experimental data pssexi in thé-igure 5. The regression coefficient
R?for this model is lesser than the pseudo first okiteetics. Hence it may not be used to explainkinetics of this
adsorption experiment.

4.3 Fractional Power Model
The adsorption kinetics can also be described &éyptwer fraction equation. The linear fractionalvpo equation is

Ing; =Ink + yInt (5)

« y- power fuction constant

* k - constant

e t- time taken(hr)

¢ @ - Adsorption capacity (mg/g) at time t (hr)

The plot InqVs In t should give linear relationship from whigkand k can be calculated from the slope and
intercept of the plot respectively [19-25]. Thissisown in theFigure 6. Since the values of the rate constant for
power function is high and the regression coeffiti for the temperature 30 © C is very low, then isuaken that
the fractional power model does not correlate thpeemental kinetic data.
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Figure 5: Determination of constants in pseudo sead order equation
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Figure 6: Determination of constants in Fractionalpower model

4.4 The Elovich Equation

The linear form of Elovich equation is used to discthe adsorption kinetics

_ 1

1
= =1 =Int
¢ Bnaﬁ+ﬁn

q

e @ - Adsorption capacity (mg/g) at time t (hr)

e «- initial adsorption rate (mg/g).

(6)

« pBisrelated to the extent of surface coverage aaddttivation energy for chemical adsorption (g/mg).

The linear relationship obtained betwegrand In t [21, 22, 23] over the whole adsorptiondgtis given in the
Figure 7. The regression coefficienffer this model is lesser than the pseudo first pedgiation. Hence it may not
be used to explain the kinetics of this adsorpérperiment.
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Elovich equation model
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Figure 7: Determination of constants in Elovich moel

When the calculated constants and parameters @fugamodels were compared, it was observed thapskeedo
first order equation proved the best correlationdih the batch adsorption experiments for the cddn of COD
from cooking oil mill effluent, where the pseudased order, fractional power model and Elovich eiguadid not
give the best fit to correlate the kinetic data.

Table 1: Details of calculated constants and paranters for various models

Models Parameters At 30°C At 40°C At 50°C
R? 0.988 0.964 0.987
) ) Ki(g/mgmin) | 0.182 1.890 1.823
Pseudo first order reaction a{mg/g) 0.0301 0.0146 0.0142
RMSE 9.133 6.722 6.722
R? 0.960 0.954 0.967

Pseudosecondorderreacti)nKz(g/mgmm) 5.79x10° | 571x10° | 5.71x10°

g(ma/g) 50 50 50
RMSE 4,213 3.352 2.739
R? 0.952 0.982 0.981
Fractional power model K 1.16x10° | 1.16x10° | 1.15x10°
N 0.602 0.601 0.600
RMSE 3.743 4.792 5.526
R? 0.9483 0.95203 0.9783
. o 2.9x1 2.98x1 3.0x1
Elovich model B 938 935 910
RMSE 6.826 5.429 5.336

5. ADSORPTION ISOTHERMS

The analysis and design of adsorption process nesj@iquilibrium data to understand the processhénpresent
investigation, the equilibrium data has been amalyfor various adsorbents using Freundlich and targ
isotherms.

5.1 Freundlich Adsorption Isotherm
The linear expression for the Freundlich adsorpisotherm is

qe = ke G )
* ¢, - adsorption capacity (mg/g) at equilibrium.
* krand n are Freundlich constants.

e (, — COD of the solution at equilibrium.(mg/l).

The above equation can be linearized to a logaritfiorm to determine the Freundlich constants. Vakles are
given in theTable 2 From the values df;and 1/n, it is found that the isotherm is lineanek,parameter is a
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measure of adsorption capacity, which increasels initrease in the efficiency of the adsorbent A%, 26]. The
Freundlich plot is given in thEigure 8.

,o . Freundlich adsorption isotherm
3.4
2 * 30C
3
s B 40cC
26 A 50C
2.4
2.2
2
0 1 2 3 4
InC,

Figure 8: Determination of constants in Freundlichisotherm

From the table 2, it is clear that the determineguRdlich constants 1/n aig did not show linear variation with
temperature. Hence it was concluded that the kirtitia did not relates to the freundlich adsorpisotherm.

5.2 Langmuir Adsorption Isotherm
The linear expression for the Langmuir adsorptimttierm is

=t (®)

de bqmax  dmax

* ¢, - adsorption capacity (mg/g) at equilibrium.
* C, COD of the solution at equilibrium (mg/l).

* Qmax - Maximum adsorption capacity (mg/g).
¢ b - Langmuir constant.

The linear plot of Langmuir isotherm is given irethigure 9. By using the constants, various parameters were
calculated and tabulated. From those parameteissfaund that the Langmuir adsorption isotherra fiest to the
kinetic data.

The essential features of the Langmuir isothermbzaexpressed in terms of a dimensionless congtag#paration
factor or equilibrium parameter R27, 28, 29, 30] which is defined as

R, =— ©9)

T 1+bCy

Where, b is the Langmuir constant angli€the initial COD of the waste water. The vaRjeindicates the type of
isotherm. To be reversibl®(=0), favorable (0R,<1), linear £,=1) or unfavorableR;>1). In our kinetic studies,
the value of®; was found to be less than 1 and greater tharpfesenting favorable adsorption.
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Figure 9: Determination of constants in Langmuir iotherm

Table 2: Details of calculated isotherms parameterand corresponding RMSE values

Adsorption Isotherms
Parameters Langmuir Freundlich

30°C | 40°C| 50°C| 30°C| 40°G 50°C
RMSE 4.396| 4.323 4.318 6.198 6.199 7.210
R? 0.998| 0.983] 0.938 0.992 0.966 0.9p0
Omax(Mg/g) 33.33] 3333 32.2%
b(I/mg) 0.204| 0.205 0.14¢
ki(mg/g) 8.27| 8149 8.5(
1/n 0.415| 0419 0.39%
Equilibrium parameter(R | 0.03 | 0.027] 0.021

comparison of R?2

1.02

1 4
0.98 mPSEUDO FIRST ORDER
0.96 mPSEUDO SECOND ORDER

x 094 - ® FREUNDLICH
0.92 ELANGMUIR
0.9
® FRACTIONALPOWER
0.88
0.86 W ELOVICH
30C 40C 50C
temperature

Figure 10: Comparison of Rfor various kinetic models
CONCLUSION

Adsorption experiments were carried out using the molecular weight crab shell chitosan for the ogal of
organic and inorganic pollutants from the cookiripmill effluent. Experiments were done in batch aeoof
operations. In batch studies, the influence ofowsiimportant parameters such as adsorbent dosdgErbent size,
contact time, agitation speed and pH of the sampgl® studied. The experimental results show thaptrcentage
reduction of COD increases with contact time, aldsot dosage and agitation speed. And it was fohat the
optimum values for contact time, adsorbent dosagd® agitation speed were 3 hours, 20 g/l and 800 rpm
respectively. The percentage removal of COD deemeagith the increase in adsorbent size. The peagent
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reduction of COD increases with pH of the systeih dw@ optimum pH value was found to be 9. This maylue to
the counter ionic nature of adsorbent surface dmed pollutant molecules and get increased when theisp
augmented. The maximum COD reduction percentagg6®s was obtained in this batch studies at the aptim
conditions of the experimental parameters. Thetkisef adsorption of the effluent was studied ggaseudo-first
and second order kinetics, Fractional power model Blovich equations. From the experimental resifitavas
observed that the kinetics of adsorption was apgatgpto pseudo-first order kinetics. The equililoni data was
analyzed using Freundlich and Langmuir adsorptisotherms. And it was concluded that the equilibrium
adsorption data was most appropriate to Langmuioguion model than Freundlich adsorption model.
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Symbols Used

b — Langmuir adsorption isotherm constant

Co— Initial COD of the waste water sample (mg/l).

C,— final COD of the waste water sample at time t/{jng
R.- Separation factor or equilibrium parameter

q. - Adsorption capacity at equilibrium (mg/g)

q; - Adsorption capacity at time t (mg/g)

C, - COD of the waste water sample at equilibrium/{ing
krand n — Freundlich constants.

a - Initial adsorption rate (mg/qg).

B - Extent of surface coverage and the activatiergy for chemical adsorption (g/mg).
R?- Regression coefficient

y- Power fuction constant

R — Removal % of COD.

m — Mass of the dry adsorbent(g).

v — Volume of the waste water sample(l)
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