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ABSTRACT

Discharge of heavy metals from metal processingstrées is known to have adverse effects on
the environment. Biosorption of heavy metals byabh@dically inactive biomass of microbial
organisms is an innovative and alternative techggldor removal of these pollutants from
aqueous solution. Presence of heavy metals indbatec system is posing serious problems and
hexavalant chromium has been used in many indistad removal of Cr (VI) ions from waste
waters is significant. Biosorption is one of th@maemic methods that used for removal of heavy
metals. In the present study, the biomass generated the dried Chlorella pyronoidsaas
used for evaluating the biosorption characteristafsCr (VI) ions in agueous solutions. Batch
adsorption experiments were performed on theseeteand it was found that the amount of
metal ions adsorbed increased with the increasthéninitial metal ion concentration. In this
study effect of agitation time, initial metal iooncentration, temperature, pH & biomass dosage
were studied. Maximum metal uptake was observetiats. Maximum metal uptake {g)) was
142.86 mg/g .The biosorption followed both Langmamd Freundlich isotherm model but
Freundlich isotherm model was better than Langmwith R= 0.985. The adsorption
equilibrium was reached in about 1 h. The kinefidiosorption followed the second — order
rate. The biomass could be regenerated using OHN®;. A positive value ofH° indicated the
endothermic nature of the process. A negative valuthe free energyAG) indicated the
spontaneous nature of the adsorption process. Atiyp®svalue ofAS° showed increased
randomness at solid—liquid interface during the @gsion of heavy metals, it also suggests
some structural changes in the adsorbate and theorént. FTIR Spectrums of Chlorella
pyrenoidosa revealed the presence of hydroxyl, epgarboxylic and carbonyl groups. The
scanning electron micrograph (SEM) clearly revedleel surface texture and morphology of the
biosorbent.

Keywords: biosorption, chlorella pyronoidsa, Cr (VI), isothemodels, kinetic.
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INTRODUCTION

Chromium ores are mined today in South Africa, Zamve, Finland, India, Kazakihstan and the
Philippines. A total of 14 million tonnes of chramniore is extracted. Reserves are hestimated to
be of the order of 1 billion tonnes with unexpldieposits in Greenland, Canada and USA. The
health hazards associated with exposure to chromargdependent on its oxidation state. The
metal form is of low toxicity. The hexavalent forstoxic. Adverse effects of the hexavalent
form on the skin may include ulcerations, dermstitind allergic skin reactions. Inhalation of
hexavalent chromium compounds can result in ulmeraand perforation of the mucous
membranes of the nasal septum, irritation of tharyix and larynx, asthmatic bronchitis,
bronchospasms and edema. Respiratory symptoms n@ydé coughing and wheezing,
shortness of breath, and nasal itch. Heavy methilitpm has posed a serious threat to the
aquatic environment. At high concentrations, meaadstoxic to animals and plants alike, as they
could be dispersed in water and consequently in dmunbeings through food chain
biomagnifications that could cause serious headtratds. Chromium (Cr) water pollution has
become of considerable concern due to the factdfwetmium has been widely used in metal
finishing, electroplating, leather tanning, stasslesteel production, textile industries, and
chromate preparation[1]. Chromium exists in theimmment in either its hexavalent form (Cr
(V1)) or trivalent form (Cr (ll1)). The metal spexs Cr (V1) is considered as highly toxic in that it
could act as a carcinogen, mutagen, and teratogémeibiological system [2].It has also been
noted that prolonged exposure to the metal spemesd cause skin allergies and cancer in
human beings [3]. Additionally, chromium can bedzed to the state of a more carcinogenic
and mutagenic Cr (VI) by some bacteria in the emmment under certain conditions [4]
.Recently, the commonly used methods applied toovemrexcessive chromium from aqueous
solutions have included ion exchange, chemical ipitation, activated carbon adsorption,
evaporation and membrane processes. However, tmetkods were found to be either
inefficient or expensive when metal ions existaw Iconcentrations (<100 mg/L) and may also
be associated with the generation of secondary@mwiental problems from waste disposal[5]
.Biosorption is the binding and concentration ciwyemetals from aqueous solutions (even very
dilute ones) by certain types of inactive, dead;rabial biomass[6] .Some of the advantages of
biosorption include competitive performance, heawmgtal selectivity, cost-effectiveness,
regenerative and no sludge generation. Sourcesoonfass include seaweeds, microorganisms
(bacteria, fungi, yeast, and molds), activakdige and fermentation waste. Studies using
Biosorbents have shown that both living and deackabial cell are able to uptake metal ions
and offer potential inexpensive alternative to cartional absorbents  [7, 8]. However, living
cell is subject to toxic effect of the heavy metatsulting in cell death. Moreover, living cell
often require the addition of nutrients and hemmedase the BOD and COD in the effluent. For
these reasons, the use of non-living biomaterialdead cells as metal binding compounds has
been gaining advantage because toxic ions do feattahem. In addition, dead require less care
and maintenance, and cheaper [9] .Furthermore, dieenlass could be easily regenerated and
reused.The capability of some living microorganisms to @wocilate metallic elements has been
observed at first from toxicological point of vigdO, 11, and 12]. However, further researches
have revealed that inactive/dead microbial biontss passively bind metal ions via various
physicochemical mechanisms. Therefore researchdsognrption have become an active field
for the removal of metal ions or organic compouriissorbent behavior for metallic ions is a
function of the chemical make-up of the microbiall€ of which it consists [13]. Mechanisms
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responsible for biosorption, although understood tmnited extent, may be one or combination
of ion exchange, complexation, coordination, adsomp electrostatic interaction, chelation and
micro precipitation [14, 15 and 16]. Algae, in coomwith other microbial groups, can
accumulate metals from their external environmegniieans of physico-chemical and biological
mechanisms [17]The absorption process is being widely used byouariresearchers for the
removal of heavy metals from aqueous solutionghénrecent years the use of various natural
products has been widely investigated as an atieentor the currently expensive methods of
water treatment. Some of the natural products @eftectively used as a low cost absorbent.
Heavy metals can be absorbed by living or non-jviniomass [18]. Chromium and its
compounds are toxic metals introduced into natwaer from a variety of industrial wastes
[19]. Chromium has been considered as one of thxéc tpollutants and because of its
carcinogenic characteristics, it has been beconserimus health problem. Extensive use of
chromium results in large quantities of chromiummtaming effluents which need sufficient
treatments [20].

MATERIALS AND METHODS

Biomass and culture medium:In this study chlorella pyrenoidosa (2738) obtairfeaim
National Collection of Industrial MicroorganismBIGIM ) from PUNE - INDIA, which was
isolated and thoroughly pure. The Chlorella pyrdosa was maintained in modified Fog
Media at 28°C with using 3000 Ix light intensity. After 21 dagsiltivation period cells were
harvested by centrifugation and were washed sevienagls with deionised water in order to
remove culture media and was kept on a filter papeeduce the water content. The biomass
dried at 60°C in an oven for 24 h and milled to a gritty coteigy. The biomass was sieve for
particle size smaller than 1 mm and stored in daoktle and keeps in a dry cabinet for
experiments.All of the media are sterilized by autoclaving 21°C for 20 min.

Preparation of synthetic sample:A stock solution of 1000 mg/l of Cr (VI) was obtath by
dissolving potassium dichromate (Merck Company)distilled water. The test solutions of
various concentrations range from 10 mg/L to 100Lnvgere prepared from the stock solution.
The solution pH was adjust using 0.1 M HN@nd 0.1 M NaOH at the beginning of the
experiment and not controlled afterwards. The arflasks (250 mL) were shaken at 120 rpm
in a temperature controlled rotatory shaker.

Analysis of hexavalant chromium ions: hexavalant chromium ions were determined
spectrophotometrically by atomic adsorption spgdtocdometer (UNICAM, model 929, UK).

Batch biosorption studies Batch mode adsorption studies for individual rhetempounds were
carried out to investigate the effect of differggarameters such as adsorbate concentration,
adsorbent dose, agitation time and pH. Solutioriaitnimg adsorbate and adsorbent was taken in
250 mL capacity conical flask and agitated at 1@t rin a shaker at predetermined time
intervals. The adsorbate was decanted and sepdratadhe adsorbent using whatman No.41
filter paper

Effect of agitation time and initial concentration: For the determination of rate of metal
biosorption by biomasses from 100 ml (at 10, 2Q, 81D mg/L) on conical flask 250 mL, the
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supernatant was analyzed for residual metal agraifit time intervals. The pH and the adsorbent
dosage was kept constant at pH= 5+ 0.01, whicleslaaccording to the adsorbent and adsorbate
under consideration. Amount of biomass dosage was0®M01 g for biomass (Chlorella
pyronoidsa) and temperature was 25'&land agitation speed of shaker was 120 rpm [21, 22
23, and 24].

Effect of adsorbent dosage and initial concentratio: The effect of adsorbent dosage i.e., the
amount of the biomasses on the adsorption of metass studied at different dosages ranging
from 0.1 to 3 g with varied metal concentrationsl6f 20 and 50 mg/L. The equilibrium time
and the pH were kept constant depending on thelmatier consideration. The pH and the
adsorbent dosage was kept constant at pH= 5+ @liith varied according to the adsorbent and
adsorbate under consideration. Agitation time wa&0 Iminute for biomass (Chlorella
pyronoidsa) and temperature was 25 &land agitation speed of shaker was 120 rpm [21, 22
23, and 24].

Effect of pH and initial concentration: To determine the effect of pH on the adsorption of
metal solutions (100 mL) of different concentratramges (10, 20 and 50 mg/L) at conical flask
250 mL were adjusted to desired pH values and mixigd constant amount of adsorbent and
agitated at preset equilibrium time. The equilibritime and adsorbent dosage varied with the
metal and adsorbent under consideration. Amourttiafass dosage was 0.1+0.001 g for e
biomass (Chlorella pyronoidsa) and temperature2®asl 'C and agitation speed of shaker was
120 rpm and contact time was 120 min [21, 22, 8, 24].

Effect of temperature: Optimum biomass concentration with optimum pH wssduto monitor
the temperature effect on biosorption. Experimemse carried out at different temperatures
from 10-40°C for each culture and kept on rotary shaker atrp2@ The samples were allowed
to attain equilibrium. To determine the effect @fperature on the adsorption of metal solutions
(100 mL) of concentration 50 mg/L at conical fl&830 mL were adjusted to desired pH values
and mixed with constant amount of adsorbent anthtegi at preset equilibrium time. The
equilibrium time and adsorbent dosage varied withrhetal and adsorbent under consideration.
Amount of biomass dosage was 0.1+0.001 g for bisnf@#lorella) and pH was 5+0.001 and
agitation speed of shaker was 120 rpm and contaetwas 120 min [21, 22, 23, and 24].

Desorption studies:After adsorption, the adsorbates — loaded adsorkerd separated from the
solution by centrifugation and the supernatant eramed out. The adsorbent was gently washed
with water to remove any unadsorbed adsorbate.ieegeon of adsorbate from the adsorbate —
laden adsorbent was carried out using the desorbedja — distilled water at pH ranges using
dilute solutions of EDTA, HCL and HNg@Stirred at 120 rpm for 120 min at 36) . Then they
were agitated for the equilibrium time of respeetadsorbate. The desorbed adsorbate in the
solution was separated and analyzed for the redhaay metals [21, 22, 23, and 24].

FT-IR spectroscopy (Fourier Transform Infrared): In order to determine the functional
groups responsible for Cr (VI) biosorption, IR sjpescopy was used thabout 0.1 g biomass
was mixed with KBr for FT-IR spectra analysis (Sagdmaumodel 8400).
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SEM (Scanning Electron Microscopy) The SEM was used to investigate the morphology of
the biosorbent. We used samples with pH=5 agd @ mg.L*. Scanning Electron Microscope
(SEM, JEOL, JSM-6360A) used for this study.

RESULTS

Results on the effect of pH of Cr (VI) at differanttial metal ion concentrations by Chlorella,
present in theFigures 1 Maximum percentage of biosorption accursed a& ithitial
concentration of 10 mg/L at the time of 120 minatg@H= 5 for Cr (VI) was 92.51 % and metal
ion uptake capacity was 9.25 mg/g and when ing@icentration of Cr (VI) increased to 50
mg/L, percentage of biosortion of Cr (VI) was 89%6and uptake capacity was 41.82 mg/ for
Chlorella. With increase the initial concentratipercentage of biosorption decreased and metal
ion uptake capacity was increased. Results on d¢hnéact time of chromium (VI) at different
initial metal ion concentrations by Chlorella presa theFigure 2. The time required to reach
equilibrium for chromium (VI) adsorption by Chlolel was 60 minute for all initial metal ion
concentrations. In the initial concentration of h@/L at the time of 60 minute percentage of
remove of Cr (VI) was 88.93% and metal ion uptalipacity was 8.89 mg/g and when initial
concentration of Cr (VI) increased to 100 mg/L,qeetage of remove of Cr (VI) was 73.25 %
and uptake capacity was 73.25 mg/g for Chlorellae Time taken for Cr (VI) adsorption by
chlorella was dependent on initial metal ion cori@in and increased with increase in
concentration of Cr (VI).With increase the initiabncentration percentage of biosorption
decreased and metal ion uptake capacity was irese&esults on the effect of biomass dosage
of Cr (VI) at different initial metal ion concentians by Chlorella present in thEgure3.
Percentage of biosorption accursed at the initaicentration of 10 mg/L at the time of 120
minute at pH= 5 and 0.1+ 0.001 g of biomass for(\j was 92.51 % and metal ion uptake
capacity was 9.25 mg/g and when initial conceraratof Cr (VI) increased to 50 mg/L,
percentage of biosortion of Cr (VI) was 83.64% amitake capacity was 41.82 mg/g for
Chlorella. When amount of biomass increased frob00.001 g to 3 £ 0.001 g, percentage of
biosorption accursed at the initial concentratiori® mg/L at the time of 120 minute at pH=5
for Cr (VI) was 99.82% and metal ion uptake capaeias 0.332 mg/g and when initial
concentration of Cr (VI) increased to 50 mg/L, gertage of biosortion of Cr (VI) was 95.66%
and uptake capacity was 1.59 mg/ for Chlorella. hWincrease the initial concentration
percentage of biosorption decreased and metalptake capacity was increased. With increased
the amount of biomass observed that percentagésbdiption increased and metal ion uptake
capacity was decreased. Results on the effeceraperature of Cr (VI) at initial metal ion
concentration of 50 mg/L by Chlorella present ire tHigures 4 Maximum percentage of
biosorption accursed at the initial concentrand®0 mg/L at the time of 120 minute at pH=5
for Cr (VI) was 82.36% and metal ion uptake capaaias 41.18 mg/g at the temperature of 30
°C for Chlorella. The findings of chlorella indicatieat the sorption percentage increased with
increase in temperature up to QG and there was a decrease in sorption percentdgéurther
increase in temperature. This may be due to theksge of cells at higher temperature.

Equilibrium isotherms : The isotherm studies were performed in the solutiith the initial
concentrationsanging from10 to 100 mg/L at optimum pH values for ions (pH:3 or pH = 5)
After shaking the flask containing the mixture @brbass (120 rpm, 25C) and ions for120
min, the amount of residual ions in the filtrateoluson was analyzed. The biosorption
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equilibrium uptake capacity for each sample wasuwated according to mass balance on the
. o . C,-C

ions expressed in this equationq, :%XV

where V is the sample volume (L),0 @ the initial ion concentration (Mg, C. is the
equilibrium or final ion concentration (ifig) , M is the biomass dry weight (g), and ig the
biomass biosorption equilibrium ions uptake capadimgg).Langmuir and Freundlich
isotherms, the two classical adsorption modetsie used to describe the equilibrium between
adsorbed ions on the biomass cell,(f) and ions in the solution {&)) in this study.

L ir isoth del de = OmaxCe 2
angmuir isotherm model: R
J 1+C_,b
That after arrange we have; Co.__1 , C.

qe qmaxb qmax

These valuesgxand b (where b, is the adsorption equilibrium congtaan be obtained from
the slopes and the intercepts of the linear plgpectively, where experimental data of Ce/ge as
the function of G as shownirkigure 5.The empirical Freundlich equation based on sonpdin

a heterogeneous surface, on the other hand, dlaw$:

0e= K (Co) "

K is an indication of the adsorption capacity ok thdsorbent; n indicates the effect of
concentration on the adsorption capacity and reptesadsorption intensity. The equation can be
linearized in the following logarithmic form:

Inqg, =In k, +lln C.
n

These values n & Kcan be obtained from the slopes and the intercejptbe linear plots
respectively, where experimental data of Lhag the function of Ln £ .The equilibrium
experimental results of hexavalant chromium ionsehaeen fitted in the Langmuir and
Freundlich models. For biosorption of Hexavalantoamum using chlorella pyrenoidosa the
coefficient of determination (% of both models was mostly close to 1 as showRigure 6.
This indicates that both models adequately desdhibeexperimental data of the biosorption of
Hexavalant chromium. In the biosorption of hexamtlehromium by chlorella, most of the
metal ions were sequestered very fast from thetisoki in the first phase of contact time 60
minutes and almost no increase in the level of Hometal have been occurred after this time
interval. Biosorption equilibrium isotherms weretged for metal uptake q against the residual
metal concentration in the solution. The g versess@ption isotherm relationship was
mathematically expressed by Langmuir and Freundffiodels. The higher the values of k and n;
lower the value of b, the higher the affinity oéthiomassTablel describes summaries of linear
regression data for Langmuir and Freundlich isetisefor Hexavalant chromium biosorption
using chlorella pyrenoidosa biomass. Langmuir arelidlich constant k were obtained from
the linear equations of both models. As indicated the Table 1, the coefficients of
determination (B of both models are close to 1. In fRable 1the values of K n, qmaxand b
were given.
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Kinetic modeling: Figure 7 shows the experimental break through curves ferdtfects of
contact time on a bound rate of Cr (VI). It candimserved that the adsorption of hexavalant
chromium ions quickly increased at the beginningiotorption, but after 15 min, the adsorption
slowed down. The result indicated that the maximadsorbed amount of the hexavalant
chromium ions was achieved within 60min, and thaioWed by a longer equilibrium period.
After this equilibrium period, the amount of adsorbed ionsrdhti significantly change with the
adsorption time. Therefore, for the following expents, the contact time was maintained for
60 min to ensure that equilibrium was fully achigve

Effect of PH

45
40
35
30
25
20 ——10 ppm
15 —&— 20 ppm

10 50 ppm

Cr(VI) Sorbed (mg/g)

0 2 4 6 8
PH

Fig.1 Effect of pH on biosorption of chromium by CHorella pyrenoidosa (biomass dose=0.1 g, initial cbmium ion
concentration = 10, 20 and 50 mg}; temperature = 25°C; agitation speed = 120 rpm; contact time = 120 m).

Effect of contact Time

100
) e
(@)
é 80
g 60
e} ——10 ppm
(?) 40 —#—20 ppm
< 20 — 00— 50 ppm
O Lj 4 4 = O ——100 ppm

0
0 100 200 300 400
Time (Min)

Fig.2 Effect of Contact Time on biosorption of chranium by Chlorella pyrenoidosa (biomass dose=0.1 gH=5, initial
chromium ion concentration = 10, 20 50 and 100 mg" temperature = 25°C; agitation speed = 120 rpm).
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Effect of Biomass Dosage
50
&)
(o]
é 40
E 30
UB) 20 —o—10 ppm
§ —&—20 ppm
10
= 50 ppm
5 ‘ ) ) pp
0 o =
0 1 2 3 4
Biomass Dosage (g)

Fig.3Effect of Biomass Dosage on biosorption of cmium by Chlorella pyrenoidosa (pH=5, initial chromium ion
concentration = 10, 20 and 50 mg}; temperature = 25°C; agitation speed = 120 rpm; contact time = 120 m).

Effect of Temperature
45

40
35
30
25
20

15
10

Cr(VI) adsorbed (mg/g)

0 10 20 30 40 50

Temperature (°C)

Fig.4 Effect of Temperature on biosorption of chronum by Chlorella pyrenoidosa (biomass dose=0.1 gH¥5, initial
chromium ion concentration = 50 mg 1%, temperature = 25-C; agitation speed = 120 rpm; contact time = 120 m).
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Langmuir Curve for Cr(VI)

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

y =0.008x + 0.163
R2=0.809

Ce/qe(gl/L)

0 5 10 15 20 25 30
Ce (mg/L)

Fig.5 Langmuir adsorption isotherm for chromium by Chlorella pyrenoidosa (ga= 142.86 mg/g , b= 0.041 L/mg).

Freundlich Curve for Cr(VI)

4.5

3.5

2.5 y = 0.654x + 2.057
2 R2=0.991
15

Ln g, (mg/g)

0.5

0 0.5 1 1.5 2 2.5 3 3.5
Ln Ce (mg/L)

Fig.6 Freundlich adsorption isotherm for chromium by Chlorella pyrenoidosa (n=1.42, K= 7.04).
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HO'S MODEL FOR Cr(VI)

] 2=0.985
] R2=0.972

€10 ppm
i ®20 ppm
1 oos R2 = 0.963 50 ppm
1 2=0.949 %100 ppm
0 100 200 300 400

TIME(Min)

Fig.7 Plot of HOS Model (Pseudo Second Order Rate ) for chromiufay Chlorella pyrenoidosa

Van't Hoff curve for Cr
0.6
0.5 *
0.4
%) 0.3
— 02 y:;?z9:1.02->é(;93.73 *
0.1
0
0.0031 0.0032 0.0033 0.0034 0.0035
1/T (K)

0.0036

Fig. 8 Plot of Vant Hoff equation for the estimation of thermodynanic parameters for biosorption of chromium by

Chlorella pyrenoidosa.
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Fig.9 FTIR Spectrum of the Chlorella pyrenoidosa (lefore (b) and after (a) biosorption of chromium).
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Fig.10 Scanning electron microscopy (SEM) microgrdps of the Chlorella pyrenoidosa before biosorption.
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Fig.11 Scanning electron microscopy (SEM) micrograms of the Chlorella pyrenoidosa after biosorption bchromium.

Table. 1 Parameters of isotherm models for chromium

Langmuir Parameters Freundlich parameters
Omex(Mg/g) | BL/Mg) | R® | K n R?
Chlorella pyrenoidosa 125 0.049 | 0.809 783 158 0.991

Biomass

Table .2 Type of isotherm for various R

R. R >1 R=1| 0<R<l1 R =0
Type of isotherm | Un favorable| Lineat Favorable Irreversible

Table .3 Parameter of kinetic model for chromium ofChlorella pyrenoidosa

Concentration of Cr Equation R K,
10 mglL y =0.093x + 3.05%# 00985 2.83 XD
20 mg/L y=0.045x +2.180 0972 9.25 D
50 mg/L y=0017x+ 1.182 00963 2.44 1D
100 mg/L y = 0.000x + 0.63f 0.949 1.27 10

Table. 4 Thermodynamic parameters for the adsorptio of heavy metals by Chlorella pyrenoidosa.

Heavy Metals AH° AS® -A°G  (J.mol’K™)
y (@mol’K™) | AK™mol™) | 283 K| 293 K| 298 K| 303 K| 308 K| 313K
Cr 8240.83 31.01 17.06 54.21 94.86 12081 153.600.067

Table .5 The desorption efficiency of different dezrbent

Desorbent EDTA (0.1M)| HCL(0.1M) | HNO3(0.1M)
% Desorption of Cf  72.23+3.1§ 89.57 £3.39 956410
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The pseudo-second-order equation is also basedeosotption capacity, which is expressed as:

t 1 t
= +—

6 (K.%) @

Where K is the rate constant of pseudo-second-order sorfti mg-min?). K.qe’ is the initial
rate constant (represented by h, mgmgin %). Plotting t/q versus t will give a straight line. The
values of ge and Kcan be determined from the slope and intercefiteoplot, respectively. The
results showed that the pseudo-second-order mitiel the simulation curve much better than
the pseudo-first-order model for Cr (VI). The résuwf pseudo-second-order model showed on
the Table 2 The coefficient of determination fRand k HO'S Model for the different metal ion
concentration under study for has been establiabgd ppm > 20 ppm > 50 ppm > 100 ppm
With increase the initial concentration coefficiefidetermination (B and K decreased.

Equilibrium parameter R : The essential characteristics of a Langmuir isothean be
expressed in terms of a dimensionless constantatepafactor or equilibrium parameter R
which is defined by the equeation : R = 1/1+bG,

Where G is the initial adsorbate concentration (mg/L) dnits the Langmuir constant (L/mg).
The parameter indicates the shape of the isothsrollaws (Table3).The R values at different
initial adsorbate concentrations indicate favorahlsorption for all the adsorbents and
adsorbates studied.

Thermodynamic studies: Adsorption, studies in the temperature range 283-B were
conducted to determine thermodynamics constants ascGibbs free energy changeG(),
enthalpy changeAH®) and entropy change\$§°) for the system and to ascertain the sorption
mechanism. For this study, adsorbent dosage seélecis 0.1 gr. and hexavalant chromium
concentration was 50 mg*lwith pH= 5 in a conical flask and allowed to eépréte for 1 h at
the different temperatures ranging from 283 to &L3n order to determine thermodynamic
parameters, experiments were carried out at diffeaesnperatures in the range of 283-313 K for
heavy metals adsorption. The thermodynamic parameiech as standard Gibbs free energy
change AG°), enthalpy changeAH®) and entropy change&§°) were estimated to evaluate the
feasibility and nature of the adsorption proces®s Gibbs free energy change, of the process is

related to equilibrium constant by the equatidfs ©° = —R T In K

where, T is temperature in K, R is ideal gas cartdtaving value as 8.314, J mid ™ and K- is
thermodynamic equilibrium constant. The thermodyicaaguilibrium constant, was determined

asik . :Ca

@

e

Where, G is mg of adsorbent adsorbed per liter andisCthe equilibrium concentration of
solution, mg/L. According to thermodynamics, thébl@& free energy change is also related to
the enthalpy changAH°) and entropy change\§°) at constant temperature by the following
Vant Hoff equation:
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_-AH° 1  AS-
e T R

The values of enthalpy chang&H") and entropy chang&$°) were calculated from the slope
and intercept of the plot InKc versus, 1/T. Resalighe Plots of Vah Hoff equation for the
estimation of thermodynamic parameters by Chlongjieenoidosa present in tiégures 8.The
calculated values of thermodynamic parametersegrerted inTable 4.A positive value ofAH®
indicated the endothermic nature of the processefative value of the free energyQ@)
indicated the spontaneous nature of the adsorptiocess. It was also noted that the change in
free energy, increases with increase in temperathieh exhibits an increase in adsorption with
rise in temperature. This could be possibly becadfisetivation of more sites on the surface of
biomasses with increase in temperature. A positatae 0fAS° showed increased randomness
at solid-liquid interface during the adsorptionhafavy metals, it also suggests some structural
changes in the adsorbate and the adsorbent.

FTIR Spectroscopy of Chlorella pyrenoidosa: Spectrums of Chlorella pyrenoidosa present in
theFigure 9 that revealed the presence of hydroxyl, amindy@aylic and carbonyl groups. The
presence of OH group along with carbonyl group cordd the presence of carboxylic acid
groups in the biosorbent. The presence of NH gramgh OH group along with carbonyl group
might be attributed the presence of amino acid ggon the biosorbent.

Scanning electron microscopy (SEM) Scanning electron microscopy (SEM) of Chlorella
pyrenoidosa at before and after biosorption of taakent chromium present in thli@gures 10
and11 respectively. The scanning electron micrographrbia@vealed the surface texture and
morphology of the biosorbent at different magnificas. The SEM analysis revealed important
information on surface morphology. In these micapirs structures with large surface area were
evident.

Desorption studies :Desorption and regeneration studies of the adsesbahowed that
regeneration and recovery of the adsorbates isigpg@s€hemisorption/ion exchange was the
main mechanism by which the adsorbates (metalsg wd#ached to the adsorbents. Physical
adsorption played a minimal role in the process.f@sult of desorption studies of Cr (VI) in a
batch system showed that HRI([®@.1 M) was more efficient in Cr (VI) desorptiomhich remove
95% hexavalant chromium ionggble 5).

CONCLUSION

The batch experiment conducted with the biosorptemonstrated that biomass of chlorella
pyrenoidosa exhibited the potential for Cr (V1) @ral from aqueous solution. Optimum pH and
temperature for biosorption in this study were 8 86 °C, respectively. The time taken for Cr
(VI) adsorption by chlorella pyrenoidosa was depegmncdn initial metal ion concentration and
increased with increase in concentration of Cr (MWNith increase the initial concentration
percentage of biosorption decreased and metalptake capacity was increased. With increased
the amount of biomass observed that percentagésbdiption increased and metal ion uptake
capacity was decreased. The findings of chlorpfeenoidosa indicate that the sorption
percentage increased with increase in temperatorto 18B0° C and there was a decrease in
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sorption percentage with further increase in termpee. Theremoval of Cr (VI) increase with
increase in biosorbent .The biosorption process fobswed both Langmuir and Freundlich
isotherm model but Freundlich isotherm model watsebéhan Langmuir with & 0.991. The
pseudo second-order kinetics described the expetahdata well. The equilibrium time was 60
min. The R values at different initial adsorbate concentragiondicate favorable (0gR1)
adsorption for all the adsorbents and adsorbatebest HNQ (0.1M) had higher efficiency of
Cr (VI) desorption than EDTA (0.1M) and HCL(0.1Mjith 95% efficiency desorption.A
positive value ofAH® indicated the endothermic nature of the procAseegative value of the
free energyAG) indicated the spontaneous nature of the adsorptiocess. A positive value of
AS° showed increased randomness at solid—liquidfate during the adsorption of heavy
metals, it also suggests some structural changabenadsorbate and the adsorbdfIlR
Spectrums of Chlorella pyrenoidosa revealed theegmree of hydroxyl, amino, carboxylic and
carbonyl groups. The scanning electron microgr&&fblM) clearly revealed the surface texture
and morphology of the biosorbent.
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