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ABSTRACT

Adsorption is a unique process for the removal of pollutants from water and wastewater since the process is cost
effective, easily adoptable and environmentally compatible. The micro algae are a promising way to produce a
useful adsorbent for Chromium (V1) removal from aqueous solution. The specific surface area of the activated
carbon was determined and its properties studied by scanning electron microscopy (SEM). Adsorptive removal of
Chromium (VI) from aqueous solution on micro algae has been studied under varying conditions of agitation time,
metal ion concentration, adsorbent dose and pH to assess the kinetic and equilibrium parameters. Adsorption
equilibrium was obtained in 120 min for 20 to 120 mg/L of Chromium (VI) concentrations. The Langmuir,
Freundlich, Temkin, Redlich-Peterson, Khan equilibrium i sotherm models were found to provide an excellent fitting
of the adsor ption data. In equilibrium isotherm, the r2 values obtained were in the range of 0.2 to 1 (0.999 to 0.857)
for Chromium (V1) concentration of 20 to 120mg/L, which indicates favorable adsorption of Chromium (V1) onto
marine algae carbon. The adsorption capacity of Chromium (V1) 99.75%. The percent removal maximum in pH3.
This adsorbent was found to be effective and economically attractive.
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INTRODUCTION

Heavy metal is important role of water pollutiorheTheavy metals are continuously released int@atfuatic eco
system from natural process such as volcanic actamd weathering of rocks. The effluents from mgiore
processing, metal processing, metal polishing,niteg paint manufacturing and battery manufactuiimustries
and acid rain contribute for the increasing metalds in the water bodies [13]. The heavy metalamination of
the water system is responsible for serious diseaseé death. Chromium is one of the few metalkerents found
in the earth’s crust. Large number of importanbysl contains chromium as the principle element.ifenmental
pollution due to chromium arises from industrialdaagricultural operations. Chromium has broad itrils
applications, such as alloy industries, paper arg; fbasic steel works foundries and petroleurmiefj industries.
Chromium is a trace element that is drinking wassential for most animals, including humans of ihan
metabolism and maintenance of blood vessels. By@ation has been reported by factory workers egdo®
chromium dust [1&2]. It is also increasingly usedmetal plating, tanneries, and oil well drillingg®sure to Cr
(V1) causes cancer in digestive tract and lung$ §@2l may cause epigastric pain, nausea, vomisiegre diarrhea
and hemorrhage [7]. It can cause serious disordedsdisease when accumulated at high levels andnitbe
ultimately lethal. There is suggestive evidencet tGa (VI) causes increased risk of bone prostateceq
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lymphomas, Hodgkins, leukemia, stomach, genitalakkeand bladder cancer, reflecting the abilityGsf (VI) to
penetrate all tissues in the body [15].

The hexavalent form of chromium is considereddalgroup "A" human carcinogen because of its neutiagand
carcinogenic properties [8].Hence it is essentiakimove Chromium from industrial wastewater beftischarging
in to natural water sources to meet National RdeguyeStandards as well as to protect public hedttinecent times,
Heavy metals in general and Chromium in partichks received a great deal of attention becaudeeoftoxicity.

Though the most predominant forms of chromium aré/) and Cr (lll), Cr (VI) is more toxic.

Conventional treatment methods for heavy metal$atoing waste water, chemical precipitation, Fertieatment
system, sulphate precipitation, solvent extractiemaporation, xanthate process etc[16,17&19], bué do
operational demerits and the treatment cost is figk need for cost effective and economic remot/&bxic heavy
metals from waste water resulted in a researchnéor-conventional materials and methods. Several dogt
adsorbents include sawdust, orange peel, almorid paghenium etc.,[3-6].

The objective of the present study is to be prepae characterize quality evaluate the efficientyging green
micro algae as an adsorbent for the removal of @hnm. The adsorption study was carried out systealht
involving various parameters such as pH, agitagioth adsorption dose.

EXPERIMENTAL SECTION

Biomass cultivation and preparation

Adsorbent Material

The green micro algae collected from in around Qeaitore Lake. Cultured on hostel waste water. Aff@éday
cultivation, cells were harvested by centrifugat{8600 rpm for 3 min), washed twice with distillegter, dried at
80°C until constant weight, and stored in a fridge.

Preparation of Cr(VI) stock solutions

Potassium dichromate were obtained in analyticatigr(Merck Co.) and used without further purifioatsynthetic
1000ppm stock solution prepared. 283 mg of K2Cr2@& added in the 100ml of distilled water in 1000ml
volumetric flask. It was dissolved by shaking ahd volume was made up to the mark.Chromium conaéor of
this solution was 1000 mg/l.The concentration of (&) was determined spectrophotometrically at 5#0 by
complexing with diphenyl carbazide[21].

Adsorption dynamic experiments

Batch equilibration method

The adsorption experiments were carried out intatbprocess at 30, 40, 50 and 60 °C temperatutes kilown
weight of adsorbent material was added to 50 mthefchromomium solutions with an initial conceritratof 20
mg/L to 120 mg/L. The contents were shaken thorbughking a mechanical shaker rotating with a spefeti20
rpm. The solution was then filtered at preset tintervals and the residual chromium concentratias weasured
by using Double beam UV-VIS spectrophotometer (rr

Effect of variable parameters:

Dosage of adsorbents

The various doses (20, 40, 60, 80, 100 and 120Mmipecadsorbents are mixed with the chromium sohgiand the
mixture was agitated in a mechanical shaker. Treortion capacities for different doses were deigech at
definite time intervals by keeping all other fast@onstant.

Initial concentration of Chromium
In order to determine the rate of adsorption, expents were conducted with different initial contrations of dyes
ranging from 20 to 120 mg/L. All other factors hdwept constant.

Contact time

The effect of period of contact on the removalh® thromium on adsorbent in a single cycle wasrated by
keeping particle size, initial concentration, dasgeH and concentration of other ions constant.
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pH

Adsorption experiments were carried out at pH 24,35, 6, and 7. The acidic and alkaline pH of mhedia was
maintained by adding the required amounts of dilayerochloric acid and sodium hydroxide solutioi$ie
parameters like particle size of the adsorbents,adycentration, dosage of the adsorbent and ctratien of other
ions have kept constant while carrying out the @rpents. The pH of the samples was determined usipgrtable
pH meter, Eutech .

The concentration of heavy metal ions remainingsdfution was measured by UV —Visible spectrophoteme
(Evaluation-201). The effect of several parametsugh as pH, concentrations, contact time and hdabdose on
the adsorption was studied. The pH of the adsa@mdlutions was adjusted using sulfuric acid, sodiydroxide
and buffer solutions when required adsorption ofatni@ns on the walls of glass flasks determinedumning the
blank experiments was found negligible.

The results of these studies were used to obtairoghimum conditions for maximum heavy metal renhdk@m
aqueous solution. The percent heavy metal remoaalcalculated using Eqg.

Metal ion removal (%) :COC;Ce X100
(0]

WhereCo: initial metal ion concentration of test solutiong/I;
Ce: final equilibrium concentration of test solutjong/I.

RESULTS AND DISCUSSION

Effect of contact time and concentration

The experimental results of adsorptions of at wexriooncentrations (20,40,60, 80,100 and 120 mgith) eontact
time, the equilibrium data were reveals that, psircadsorption decreased with increase in initialtaine
concentration, but the actual amount of dye adsbier unit mass of carbon increased with increasmétal
concentration. It means that the adsorption isliiigbpendent on initial concentration of metalslbecause of that
at lower concentration, the ratio of the initialnmoer of metals to the available surface area isdolsequently the
fractional adsorption becomes independent of ingtncentration. However, at high concentration dlvailable
sites of adsorption becomes fewer and hence theemige removal of metal is dependent upon initial
concentrations. Equilibrium have established at h2@utes for all concentrations. Figure 1 revebhk the curves
are single, smooth, and continuous, leading toratétun, suggesting the possible monolayer covecddke metals
on the carbon surface.

Effect of contact _, Effect of concentration
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Figure -1 Effect of time and concentration
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Effect of adsorbent dose

The results for adsorptive removal of Chromium (8§ with respect to adsorbent dose are showrmyif &éver the
range of 20 — 120 mg. The percentage removal oélnetseen to increase with adsorbent dose fron2 fitj is
observed that there is a sharp increase in pegenmemoval with adsorbent dose for chlorella vigagit is
apparent that the percentage removal of metal aseierapidly with increase in the dose of the ddsts due to the
greater availability of the exchangeable sites unfage area. Moreover, the percentage of metalrptisn on
adsorbent is determined by the adsorption capactitye adsorbents.

Effect of adsorbent dose

% Removal
(Wa]
=]

0 50 100 150

Adsorbent {mg)

Figure- 2 Effect of adsorbent dose

Effect of pH
The pH is one of the most important parameter otlimig uptake of metal from waste water and aquesmlstions.

Figure 4 shows the effect of pH on metal removétiehcies of chlorella vulagris. The effect of i adsorption
of metal on chlorella vulagris was studied at raemperature by varying the pH of solution from 2T8e results
are shown in fig 4. It can be observed that theosahof metal by Chlorella vulagris was maximunpét 3, other
pH shows minmum adsorption.

120 Effect of pH
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Figure-3 Effect of pH

Adsorption kinetics

Kinetic studies are necessary to optimize differgm¢ration condition for the sorption of dyes. Thieetics of
Chromium onto Chlorella vulgaris was analyzed ugisgudo-first order, second order and Intrapartiiffeision
kinetic models.

802



Syed Shabudeen P. &t al J. Chem. Pharm. Res., 2014, 6(6): 799-808

The kinetic behavior as four rate equations regubit the literature namely, pseudo first order etpdseudo —
second order model, and the intraparticle diffusitodel are shown below.

Firstorder o, . Secondorder
2.5 300 - v=6.533x+49.70
= 2 y=0.008
e 15 =0.918 600 -
o )
¥ 1 300 -
= 05 “'200 |
O T T T 1
0 50 100 150 0 ' ' |
0] 50 100 150
Time
Time {min)
10 - Intraparticle diffusion
3 | y = 0.046x + Z,Mi’
R?=0.98
. /
*
2 -
0] . 1
0] 50 Time 100 153

Figure 4 Pseudo — first and second order model, lataparticle diffusion model

Adsorption isotherms

Adsorption isotherms parameters obtained from ifferdnt models provide important information oretburface
properties of the adsorbent and its affinity to #usorbate. Several isotherm equations have beesrioped and
employed for such analysis and the important isateLangmuir, Freundlich, Temkin, Redlich-Peteraod khan
isotherms are applied in this study.

Langmuir isotherm
Langmuir adsorption isotherm is based on the assamghat, “Adsorption is a type of chemical cordtion in

which adsorbate is adsorbed on the adsorbent sudiad the adsorbed layer is unimolecular”. Langreguation
[14],

q —_ onLCe
° 1+k. .C,

where, ge is equal to the quantity of dye adsorbexg/g of the adsorbent,
QO is the maximum quantity of dye adsorbed in magfgof the adsorbent,

k_and Ce is the constant of Langmuir adsorption hedliye concentration at equilibrium in mg/l respety.
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Langmuir adsorption parameters are determineddnstorming the equation, which is in linear fornheTLinear
plot of Ce/ge Vs Ce showed that the adsorptiorofedid Langmuir isotherm model (Figure 3). The valoés
monolayer capacity §and Langmuir constant kad been evaluated from the intercept and slopbesk plots by
using graphical techniques. The effect of isothelrape has been taken into consideration with a teepredict
whether the studied adsorption system is favorablenfavorable. The essential features of the Lanigieotherm
may be expressed in terms of equilibrium paraniterwhich is a dimension less constant referredsteeparation
factor or equilibrium parameter RL=)1(10bC Wherei€the initial concentration and ks the constant related to
the energy of adsorption (Langmuir constant) tabl&he values of RL indicate the nature of thehsatn, if the
conditions are (RL>1, RL=1, 0<RL<1 and RL= 0) ardavorable, linear, favorable and irreversible extjyely.
The value of RL was less than one which showedth®aadsorption process was favorable.

Langmuir isotherm

3 y=0.515x- 0.086
R2=0.

0 1 2 3 C 4 5 6 7

Figure-5 Langmuir isotherm
Freundlich Isotherm
Freundlich isotherm model was chosen to estimaadsorption intensity of the adsorbate on therads surface.
Linear form of Freundlich model [9] was expressgd b

q =k Cé"

Where, ge is dye concentration in solid at equiilifor (mg/g),

Ce is dye concentration in solution at equilibri(mg/L),

Kf is the Freundlich isotherm constant related tisaaption capacity (L/mg) and n is the Freundlisbtiierm
constant related to adsorption intensity.

Freundlich isotherm

log ge

log Ce

Figure-6 Freundlich isotherm
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The linear plot of log gversus log €and the values of n anddalculated from the slope and intercept are given i
table 1.The value of n was greater than one inidigahe favorable adsorption of Cr Removal.

Temkin isotherm

The derivation of the Temkin isotherm assumes tiatfall in heat of adsorption of all the molecuieghe layer
would decrease linearly with coverage due to sefbatbent interactions. The Temkin isotherm is espes by the
following equation[10]:

g, = F;—Tln a,.C,

t

Where bis the Temkin constant related to heat of sorpfidmol); athe Temkin isotherm constant(L/g);R, the gas
contant(8.314 J/mol.K); and T, the absolute tentpeeéK)

In this work, the Temkin constant,(bnd g are found to within a range 1.44 and 0.86 3 J/ntbé results indicate
that the Temkin isotherm represents the adsorgiiosess on Cr onto alga€ Ralue is 0.950 better adsorption
process.

Temkin

3 - y=1.446x+0.143 ®
25 - R2=0.9

qe(mg/1)
’\

InCe {mg/L)

Figure-7 Temkin isotherm
Redlich —Peterson isotherm

The three parameter isotherm firstly proposed bgliRh and Peterson are modified to incorporatef¢lagures of
both the Langmuir and Freundlich eqauations[10§at be described as follows

_ ke Co
1+P.C.°

e

Where kRP is the Redlich-Peterson isotherm constant ¥dn p. , the Redlich-Peterson isotherm model
constant(dimg); and g, the Redlich-Peterson exponent .

The exponent (g) lies between 0 and 1. There acelitwiting behaviors the Langmuir form for g=1, atite
Henry's law and at high adsorbate concentratiagagyéhavior approaches that of the Freundlich esotH18].
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For the present application, the Redlich-Petersotherm constants for adsorptionkgt,, p.and R value 1.515
dm?/g, 0.086 drifmg and 0.999 respectively .

Redlich -Peterson isotherm
y=1515x-0.086
RZ=0.999
8 -
6 -
g
4 -
2 -
0 T T T ]
0 2 (fle 5] 8

Figure-9 Redlich —Peterson isotherm

Khan isotherm
The simplified Khan model can be expresses asvislio

- qmbkCe
(1 + bk 'Ce)ak

Where R is the Khan model constant; ak Khan model expof&jt

e

From the results gm and bk values found 5.5 magty @505 respectively .as similarly observed fodliRld —
Peterson isotherm, the simplified Khan model algwees well with the parameter models based on the
determination of coefficients R2 = 0.873 .

Khan isotherm
1.00 -~
y=0.065x+ 0,
0.80 -
35 0.60 -
[T]
£
T 0.40 -
o
0.20 -
0.00 T T T ]
0 2 4 6 8
Ce (mg/))

Figure-10 Khan isotherm
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Table-1 Adsorption isotherm parameters

. Qo ke R’
Langmuir 0.515| 0.086 0.998
. Ke n R®
Freundlich 114 222 0.993
] a B b R?
Temkin 0.283| 1696] 1.46] 0.950

Redlich-Peterson 15 0.08 1 0.999

Khan

IR Study
Fourier transform infrared spectroscopy (FTIR) we®d to Shimadzu Fourier transform infrared spsctpy

determine the vibration frequency changes in thectfonal groups of carbons. The spectral of carb@re
measured within the range of 400-4000/cm wave numBeme fundamental FTIR frequencies of Chlorella
Vulgaris observed for before and after adsorpti@nshown in Figure 11 that the adsorption frequesare shifted
to higher wave numbers with the adsorption of chiowmin Chlorella Vulgaris. From these findingsstpresumed
that the chromium is incorporated within the adsatlihrough interaction with the active functiogadups.

Im

Figure-11 FTIR Result for chlorella vulgaris

SEM analysis:
The surface morphology of the activated carbon exmmined using scanning electron microscopy (SENB,

corresponding SEM micrographs being obtained uatran accelerating voltage of 20 kV (Hitachi SE)o&Q, 500
x magnification (Figure 12). At such magnificatidhe Chlorella Vulgaris particles showed rough arefisurface
within which micropores were clearly identifiable.

20kV- - X1,500 10pm 4228 SEI

Figure -12 SEM results for Chlorella vulgaris

807



Syed Shabudeen P. &t al J. Chem. Pharm. Res., 2014, 6(6): 799-808

CONCLUSION

 Chlorella vulgaris is a cheap and effective adsairtber the removal of chromium ion from wastewatéthout
requiring any pretreatment.

» Experiment results showed that maximum removahodmium ion by chlorella vulgaris at optimium cdatiwh(
3 pH, 60 min. contact time 60mg/ 50ml of 100ppmaantration) 99.75% was obtained.

» The experimental data correlated reasonably wethbyLangmuir, Freundlich, Temkin, Redlich- Peterséhan
adsorption isotherms and the isotherm parametens eatculated.

» These experimental studies on adsorbents wouldulte gseful in developing an appropriate technolfmyythe
removal of heavy metal ions from contaminated itdaiseffluents.
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