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ABSTRACT KEYWORDS
Discharge of heavy metals from metal processing industries is known to Biosorption;
have adverse effects on the environment. Biosorption of heavy metals by Chlorellapyronoidsa;
metabolically inactive biomass of microbial organismsisaninnovative and Cu;
alternative technology for remova of these pollutants from aqueous solu- | sotherm models;
tion. Presence of heavy metalsin the aguatic system is posing serious prob- Kinetic.

lems and copper has been used in many industrials and removal of Cu ions
from waste watersissignificant. Biosorption isone of the economic methods
that used for removal of heavy metals. In the present study, the biomass
generated from the dried Chlorella pyronoidsa was used for evaluating the
biosorption characteristics of Cu ions in agueous solutions. Batch adsorp-
tion experiments were performed on these leaves and it was found that the
amount of metal ionsadsorbed increased with theincreaseintheinitial metal
ion concentration. In this study effect of agitation time, initial metal ion con-
centration, temperature, pH & biomass dosage were studied. Maximum metal
uptakewasobserved a pH=5. Maximummetal uptake (g, ) was 142.86 mg/
0. The biosorption followed both Langmuir and Freundlich isotherm model
but Freundlichisotherm model wasbetter than Langmuir with R?=0.985. The
adsorption equilibrium was reached in about 1 h. Thekinetic of biosorption
followed the second — order rate. The biomass could be regenerated using
0.1M HNO,. A positivevalue of AH® indicated the endothermic nature of the
process. A negative value of the free energy (AG’) indicated the spontane-
ous nature of the adsorption process. A positive value of AS® showed in-
creased randomness at solid-liquid interface during the adsorption of heavy
metals, it also suggests some structural changes in the adsorbate and the
adsorbent. FTIR Spectrums of Chlorella pyrenoidosa reveal ed the presence
of hydroxyl, amino, carboxylic and carbonyl groups. The scanning electron
micrograph (SEM) clearly revealed the surface texture and morphology of
the biosorbent. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION environment through natural phenomena. Humans

widely use copper. For instanceitisappliedinthein-

Copper isavery common substance that occurs  dustriesand in agriculture. The production of copper
naturally in the environment and spreadsthroughthe haslifted over thelast decades and dueto this copper
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quantitiesin the environment have expanded. Copper
can bereleased into the environment by both natural
sourcesand human activities. Long-term exposureto
copper can causeirritation of the nose, mouth and eyes
andit causesheadaches, somachaches, dizziness, vom-
itingand diarrhea. Intentionally high uptakesof copper
may cause liver and kidney damage and even death.
Copper doesnot break down inthe environment and
because of that it can accumulatein plantsand animals
whenitisfoundin soils. Biosorptionisthebinding and
concentration of heavy metal sfrom agueous solutions
(evenvery diluteones) by certain typesof inactive, dead,
microbial biomassl¥ Some of the advantages of
bi osorption include competitive performance, heavy
metal selectivity, cost-effectiveness, regenerativeand
no sludge generation. Sources of biomass include
seaweeds, microorganisms (bacteria, fungi, yeast, and
molds), activated dudgeand fermentetion waste. Studies
using Biosorbentshave shown that both living and dead
microbial cell areableto uptake metal ionsand offer
potential inexpensive aternative to conventional
absorbentd?3. However, living cell issubject totoxic
effect of theheavy metas, resultingin cdll death. More-
over, living cell often require the addition of nutrients
and henceincreasethe BOD and COD in the effluent.
For thesereasons, the use of non-living biomateridsor
dead cellsasmeta binding compoundshasbeen gain-
ing advantage becausetoxicionsdo not affect them. In
addition, dead requireless care and maintenance, and
cheapert®. Furthermore, dead biomass could beeasily
regenerated and reused. The capability of someliving
microorganismsto accumulate metallic elementshas
been observed at first fromtoxicologica point of view™
7. However, further researcheshavereveaed that in-
active/dead microbid biomasscan passively bind metd
ionsviavariousphys cochemical mechanisms. There-
fore researches on biosorption have become an ac-
tivefieldfor theremova of metal ionsor organic com-
pounds. Biosorbent behavior for metallicionsisafunc-
tion of thechemica make-up of themicrobial cellsof
which it consists®. Mechanisms responsible for
bi osorption, although understood to alimited extent,
may be one or combination of ion exchange, com-
plexation, coordination, adsorption, electrostatic in-
teraction, chelation and micro precipitation®°l, Re-
cently, thecommonly used methods applied to remove
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excessive copper from agueous solutions have in-
cluded ion exchange, chemica precipitation, activated
carbon adsorption, evaporation and membrane pro-
cesses. However, these methods were found to be
either inefficient or expensivewhen metd ionsexistin
low concentrations (<100 mg/L) and may also be as-
sociated with the generation of secondary environ-
mental problemsfrom waste disposal(*+23.

MATERIALSAND METHODS

Biomassand culturemedium

Inthisstudy chlorellapyrenoidosa(2738) obtained
from Nationa Collection of Industria Microorganisms
(NCIM) from PUNE - INDIA, which wasisolated and
thoroughly pure. The Chlordllapyrenoidosawas main-
tainedinmodified Fog’s Mediaat 28 °C with usng 3000
Ix lightintensity. After 21 dayscultivation period cells
were harvested by centrifugation and werewashed sev-
erd timeswith deionised water in order to removecul-
ture mediaand was kept on afilter paper to reducethe
water content. The biomassdried at 60 °C inan oven
for 24 hand milled to agritty consistency. The biomass
wassevefor particleszesmdler than 1 mm and stored
in dark bottle and keeps in adry cabinet for experi-
ments. All of themediaare sterilized by autoclaving at
121°Cfor 20 min.

Prepar ation of syntheticsample

A stock solution of 1000 mg/l of Cuwasobtained
by di ssolving potassum dichromate (Merck Company)
indistilled water. Thetest solutionsof various concen-
trations range from 10 mg/L to 100 mg/L were pre-
pared from the stock solution. The solution pH was
adjust using 0.1 M HNO, and 0.1 M NaOH at the
beginning of the experiment and not controlled after-
wards. The conical flasks (250 mL) were shaken at
120 rpmin atemperature controlled rotatory shaker.

Analysisof copper ions

Copper ionswere determined spectrophotometri-
cally by atomic adsorption spectrophotometer
(UNICAM, model 929, UK).

Batch biosor ption studies
Batch modeadsorption studiesfor individud meta
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compoundswerecarried out to investigatethe effect of
different parameters such as adsorbate concentration,
adsorbent dose, agitation timeand pH. Sol ution con-
tai ning adsorbate and adsorbent wastakenin 250 mL
capacity conical flask and agitated at 120 rpmin a
shaker at predeterminedtimeintervals. Theadsorbate
was decanted and separated from the adsorbent using
whatman No.41 filter paper.

Effect of agitation timeand initial concentration

For the determination of rate of metal biosorption
by biomassesfrom 100 ml (at 10, 20, 50, 100 mg/L)
on conicd flask 250 mL, the supernatant wasanalyzed
for residual metal at different timeintervals. The pH
and the adsorbent dosage was kept constant at pH=
5+ 0.01, which varied according to the adsorbent and
adsorbateunder cong deration. Amount of biomassdos-
age was 0.1+0.001 g for biomass (Chlorella
pyronoidsa) and temperaturewas 25+1 °C and agita-
tion speed of shaker was 120 rpm.

Effect of adsor bent dosageand initial concentration

Theeffect of adsorbent dosagei.e., the amount of
the biomasses on the adsorption of metalswas stud-
ied at different dosagesranging from 0.1to 3 gwith
varied metal concentrations of 10, 20 and 50 mg/L.
The equilibrium time and the pH were kept constant
depending on the metal under consideration. ThepH
and the adsorbent dosage was kept constant at pH=
5+ 0.01, which varied according to the adsorbent and
adsorbate under consideration. Agitation timewas 120
minutefor biomass (Chlorellapyronoidsa) and tem-
perature was 25 +1°C and agitation speed of shaker
was 120 rpm.

Effect of pH and initial concentration

To determinetheeffect of pH onthe adsorption of
metal solutions (100 mL) of different concentration
ranges (10, 20 and 50 mg/L) at conical flask 250 mL
were adjusted to desired pH values and mixed with
constant amount of adsorbent and agitated at preset
equilibrium time. Theequilibrium time and adsorbent
dosage varied with the metd and adsorbent under con-
Sderation. Amount of biomass dosagewas0.1+0.001
g for ebiomass (Chlorellapyronoidsa) and tempera-
turewas 25 +1°C and agitation speed of shaker was
120 rpm and contact timewas 120 min.

—=> [ul| Paper
Effect of temperature

Optimum biomass concentrationwith optimum pH
wasused tomonitor thetemperatureeffect onbiosorption.
Experimentswere carried out at different temperatures
from 10-40°C for each cultureand kept on rotary shaker
a 120 rpm. Thesamplesweredlowedto atainequilib-
rium. To determinetheeffect of temperature on the ad-
sorption of meta solutions (100 mL) of concentration 50
mg/L at conical flask 250 mL were adjusted to desired
pH va uesand mixed with constant amount of adsorbent
and agitated at preset equilibriumtime. Theequilibrium
time and adsorbent dosage varied with the metal and
adsorbent under consideration. Amount of biomassdos-
agewas0.1+0.001 g for biomass (Chlorella) and pH
was 5+0.001 and agitation speed of shaker was 120
rpm and contact timewas 120 min.

Desor ption studies

After adsorption, the adsorbates—loaded adsor-
bent were separated from the solution by centrifugation
and the supernatant was drained out. The adsorbent
was gently washed with water to remove any
unadsorbed adsorbate. Regeneration of adsorbatefrom
the adsorbate— laden adsorbent was carried out using
the desorbing media— distilled water at pH ranges us-
ing dilutesolutionsof EDTA, HCL and HNO, (Stirred
at 120 rpm for 120 min at 25 °C) . Then they were
agitated for the equilibrium time of respective adsor-
bate. The desorbed adsorbatein the sol ution was sepa-
rated and analyzed for theresidual heavy metals.

FT-IR spectroscopy (Fourier transforminfrared)

In order to determinethefunctiona groupsrespon-
sible for Cu biosorption, IR spectroscopy was used
that about 0.1 g biomasswas mixed with KBr for FT-
IR spectraanadysis (Shimadzu model 8400).

SEM (Scanning electr on microscopy)

The SEM was used toinvestigate the morphol ogy
of the biosorbent. We used sampleswithpH=5and C,
=10 mg.L%. Scanning Electron Microscope (SEM,
JEOL, JSM-6360A) used for thisstudy.

RESULTS

Resultsontheeffect of pH of Cuat differentinitia
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metal ion concentrations by Chlorella pyrenoidosa
present in the Figures 1. Maximum percentage of
biosorption accursed at theinitial concentration of 10
mg/L a thetimeof 120 minuteat pH=5for Cuwas%
88. and metal ion uptake capacity was 8.85 mg/g and
wheninitial concentration of Cuincreasedto 50 mg/L,
percentage of biosortion of Cuwas % 80.13 and up-
take capacity was 40.06 mg/g for Chlorella
pyrenoidosa Withincreasetheinitia concentration per-
centage of biosorption decreased and metal ion uptake
capacity wasincreased.

Effect of PH
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Figure 1 : Effect of pH on biosorption of Cu by chlorella
pyrenoidosa (biomassdose=0.1g, initial Cuion concentra-
tion = 10, 20 and 50 mg I}; temperature =25 °C; agitation
speed =120+ pm; contact time= 120 min).

Results on the contact time of copper at different
initid metd ion concentrationsby Chlord lapyrencidosa
present in the Figures 2. The time required to reach
equilibrium for Cuadsorption by Chlorellapyrencidosa
was60 minutefor dl initid meta ion concentrations. In
theinitial concentration of 10 mg/L at thetime of 60
minute percentage of remove of Cuwas% 87.36 and
metal ion uptake capacity was 8.73 mg/g and when
initia concentration of Cuincreased to 100 mg/L, per-
centage of remove of Cu was % 62.60 and uptake
capacity was 62.60 mg/g for Chlorellapyrenoidosa
The time taken for Cu adsorption by Chlorella
pyrenoidosawas dependent on initial metal ion con-
centration and increased with increasein concentration
of Cu. Withincreasetheinitia concentration percent-
age of biosorption decreased and meta ion uptake ca
pacity wasincreased.

Results on the effect of biomass dosage of Cu at
different initial metal ion concentrationsby Chlorella
pyrenoidosapresent in the Figures 3 to 4. 60 percent-
age of biosorption accursed at theinitia concentration

of 10 mg/L at the time of 120 minute at pH=5 and
0.1+ 0.001 g of biomass for Cu was % 88.48 and
metal ion uptake capacity was 8.85 mg/g and when
initial concentration of Cuincreased to 50 mg/L, per-
centage of biosortion of Cuwas % 80.13 and uptake
capacity was40.06 mg/g for Chlorellapyrenoidosa.
When amount of biomassincreased from 0.1+ 0.001
gto3+0.001 g, percentage of biosorption accursed
a theinitial concentration of 10 mg/L at thetimeof 120
minute at pH= 5 for Cu was % 98.76 and metal ion
uptake capacity was 0.329 mg/g and wheninitia con-
centration of Cu increased to 50 mg/L, percentage of
biosortion of Cu was % 94.66, %95.66 and %95.78
and uptake capacity was 1.57 mg/g for Chlorella
pyrenoidosa. Withincreasetheinitia concentration per-
centage of biosorption decreased and metal ion uptake
capacity wasincreased. With increased theamount of
biomass observed that percentage of biosorptionin-
creased and metal ion uptake capacity was decreased.

Effect of contact Time
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Figure?2: Effect of contact timeon biosor ption of Cu by chlo-
rellapyrenoidosa(biomassdose=0.1 g, pH=5, initial Cuion
concentration = 10, 2050 and 100 mg I%; temperature=25
°C; agitation speed =120 rpm).

Effect of Biomass Dosage
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Figure3: Effect of biomassdosage on biosor ption of Cu by
chlorelapyrenoidosa (pH=5, initial Cuion concentration =
10, 20 and 50 mg I'; temperature=25°C; agitation speed =
120r pm; contact time= 120 min).
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Effect of Temperature
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Figure4: Effect of temper atur eon biosor ption of Cu by chlo-
rellapyrenoidosa (biomassdose=0.1 g, pH=5, initial Cuion
concentration = 50 mg I}; temperature = 25 °C; agitation
speed =120t pm; contact time= 120 min).

Resultson theeffect of temperatureof Cu at initia
metal ion concentration of 50 mg/L by Chlorella
pyrenoidosapresent in the Figures 4. Maximum per-
centage of biosorption accursed at theinitial concen-
tration of 50 mg/L at thetimeof 120 minuteat pH=5
for Cuwas% 82.84and meta ion uptake capacity was
41.42 mg/g at thetemperature of 40 oC for Chlorella
pyrenoidosa. Thefindingsof Chlordlapyrenoidosain-
dicate that the sorption percentageincreased with in-
creaseintemperatureupto40°C.

Equilibriumisotherms

Theisotherm studieswere performed in the solu-
tionwiththeinitial concentrationsrangingfrom 10to
100 mg/L at optimum pH valuesfor ions (pH=4.5or
pH =5). After shaking theflask containing themixture
of biomass (120 rpm, 25°C) and ions for 120 min, the
amount of residua ionsinthefiltrated solutionwasana-
lyzed. The biosorption equilibrium uptake capacity for
each samplewas cal cul ated according to massbalance
ontheionsexpressedinthisequation:

(Co - Ce)

Q=31 %V

whereV isthesamplevolume(L), C,istheinitid ion
concentration (mg/L), C_istheequilibriumor fina ion
concentration (mg/L (, M isthe biomassdry weight
(9), and g, isthebiomass biosorption equilibriumions
uptake capacity (mg/g). Langmuir and Freundlichiso-
therms, thetwo classical adsorption models, were used
to describe the equilibrium between adsorbedionson
thebiomasscell (q,,q) andionsinthesolution (C,, q)
inthisstudy.

—=> [ull Paper
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Langmuir isothermmodel: de = 1+C.b

e

Ce_ 1 C
That after arrangewe have; ®© q.b g
Thesevduesq,  andb (whereb, istheadsorption equi-
librium constant) can be obtai ned from the slopesand
the intercepts of the linear plotsrespectively, where
experimental dataof Ce/ge asthefunctionof C_ as
shownin Figure5. Theempirical Freundlich equation
based on sorption on aheterogeneous surface, on the
other hand, isasfollows: g =K, (C)"

K and n: Anexperimenta constant, K isanindication
of theadsorption capacity of theadsorbent; nindicates
the effect of concentration on the adsorption capacity
and represents adsorptionintensity. The equation can
belinearizedinthefollowinglogarithmicform:

Ing.=Ink; +%InCe

Thesevaluesn & K, can be obtained fromthe slopes
andtheinterceptsof thelinear plotsrespectively, where
experimental dataof Ln g, asthefunctionof LnC_. The
equilibrium experimental resultsof copper ionshave
beenfittedin the Langmuir and Freundlichmodels. For

Langmuir Curve for Cu
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Figure5: Langmuir adsorptionisothermfor Cu by chlorella
pyrenoidosa(q, = 142.86 mg/g, b=0.041L/mg).

Freundlich Curve for Cu
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Figure6: Freundlich adsor ption isotherm for Cu by chlo-
rellapyrenoidosa(n=1.42, K=7.04).
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biosorption of Copper using chlorellapyrenoidosathe
coefficient of determination (R?) of both model swas
mostly closeto 1 asshownin Figure6. Thisindicates
that both model sadequatdly describethe experimenta
dataof thebiosorption of Copper. Inthe biosorption of
copper by chlorella, most of the metal ionswere se-
questered very fast from the solutionsinthefirst phase
of contact time 60 minutesand almost noincreasein
thelevel of bound metal have been occurred after this

timeintervd. Biosorptionequilibriumisothermswereplot-
ted for meta uptakeq against theresidua meta concen-
trationinthesolution. Theq versesC, sorptionisotherm
rel ationship was mathematically expressed by Langmuir
and Freundlichmodds. Thehigher thevaluesof k andn;
lower thevalueof b, thehigher the affinity of thebiom-
ass. TABLE 1 describessummariesof linear regression
datafor Langmuir and Freundlichisothermsfor Copper
bi osorption using chlordllapyrenoidosabiomass.

TABLE 1: Parametersof isotherm modelsfor copper

Langmuir Parameters

Freundlich parameters

Biomass
Jmax (MQ/Q)

B (L/mg) R? K n R?

Chlorella pyrenoidosa 142.86

0.041

0.897 7.04 142 0.985

Langmuir and Freundlich constant k were obtained
fromthelinear equationsof both models. Asindicated
inthe TABLE 1, the coefficients of determination (R?)
of both models are closeto 1. In the TABLE 1 the
valuesof K, n,q,__ andbweregiven.

Kineticmodeling

Figure 7 showsthe experimental break through
curvesfor theeffects of contact time on abound rate
of Cu. It can be observed that the adsorption of cop-
per ions quickly increased at the beginning of
biosorption, but after 15 min, the adsorption slowed
down. Theresult indicated that the maximum adsorbed
amount of the copper ionswasachieved within 60min,
and then followed by alonger equilibrium period. Af-
ter thisequilibrium period, the amount of adsorbed
ionsdid not significantly change with the adsorption
time. Therefore, for the following experiments, the
contact timewas maintained for 60 minto ensurethat
equilibriumwasfully achieved.

HO-S MODEL FOR Cu

R*=10.986

R*=0.983

S_F @10 ppm
= 15
M20 ppm
10 R?=0.980
2 A2 <) 50 ppm
" W R*=0.984 X100 ppm

0 100 200 300 400
TIME(Min)
Figure7: Plot of HO’S model (Pseudo second order rate) for
Cu by chlorélla pyrencidosa
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The pseudo-second-order equation isalso based
on the sorption capacity, which is expressed as:

t 1 t

L L

g (K.a%) d.
WhereK , istherate constant of pseudo-second-order
sorption (g- mg*-min™). K ge? istheinitial rate con-
stant (represented by h, mg-g*-min™). Plotting t/q, ver-
sustwill giveastraight line. Thevauesof geand K,
can be determined from the d ope and intercept of the
plot, respectively. Theresults showed that the pseudo-
second-order modé fitted the simulation curve much
better than the pseudo-first-order model for Cu. The
results of pseudo-second-order model showed onthe
TABLE 2. The coefficient of determination (R?) and
K, HO’S Model for the different metal ion concentra-
tion under study for has been established as. 10 ppm >
20 ppm > 50 ppm > 100 ppm

TABLE 2: Typeof isothermfor variousR,

RL RL>1 RL=1 O< RL<1 RL =0
Type of isstherm Un favorable Linear Favorable Irreversible

Withincreasetheinitia concentration coefficient of
determination (R®) and K, decreased.
Equilibrium parameter R,

Theessentid characterigticsof aLangmuir isotherm
can beexpressed interms of adimens onless constant
separationfactor or equilibrium parameter R , whichis
defined by
R, = 1/1+bC,

Where C_istheinitial adsorbate concentration (mg/

A Tudéan Journal
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L) and b isthe Langmuir constant (L/mg). The pa-
rameter indicatesthe shape of theisotherm asfollows
(TABLED3).

TABLE 3: Parameter of kinetic model for copper of chlo-
rellapyrenoidosa

Concentration

of Cu Equation R? K,
10 mg/L y =0.099x +2.720 0.986 3.60x 10°
20 mg/L y=0.053x + 1.636 0.983 1.72x 10°
50 mg/L y =0.021x +0.793 0.980 5.56x 10™
100 mg/L y =0.011x + 0483 0.984 2.50x 10™

TheR valuesat differentinitial adsorbate concen-
trations indicate favorable adsorption for all the
adsorbents and adsorbates studied.

Thermodynamicstudies

Adsorption, studiesinthetemperaturerange 283
313 K were conducted to determine thermodynam-
ics congtants such as Gibbsfreeenergy change (AG®),
enthalpy change (AH®) and entropy change (AS°) for
the system and to ascertain the sorption mechanism.
For this study, adsorbent dosage selected was 0.1 gr.
and copper concentration was 50 mg L-*with pH=5
inaconical flask and allowedto equilibratefor 1 h at
the different temperatures ranging from 283 to 313
K. In order to determine thermodynamic parameters,
experimentswerecarried out at different temperatures
intherangeof 283-313 K for heavy metals adsorp-
tion. Thethermodynamic parameters such asstandard
Gibbs free energy change (AG®), enthalpy change
(AH®) and entropy change (AS°) were estimated to
evaluate thefeasibility and nature of the adsorption
process. The Gibbsfree energy change, of the pro-
cessisrelated to equilibrium constant by the equation:
AG°=-RT InK_
where, T istemperaturein K, Risideal gasconstant
havingvalueas8.314, Jmol* K*and K . isthermody-
namic equilibrium constant. Thethermodynamic equi-

Ca
librium constant, wasdetermined as: K¢="--"

e
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Where, C_ismg of adsorbent adsorbed per liter and
C, istheequilibrium concentration of solution, mg/L.
According to thermodynamics, the Gibbsfree energy
changeisaso related to the enthal py change (AH®)
and entropy change (AS°) at constant temperature by
thefollowing Vant Hoff equation:
AH® 1 AS°

RT' R
The values of enthal py change (AH®) and entropy
change (AS®) were calculated from the slope and
intercept of theplot InKc versus, U/T. Resultsonthe
Plots of Van, t Hoff equation for the estimation of
thermodynamic parametersby Chlorellapyrenoidosa
present in the Figures 8. The calculated val ues of
thermodynamic parametersarereported in TABLE
4. A positivevalue of AH® indicated the endother-
mic nature of the process. A negative value of the
freeenergy (AG®) indicated the spontaneous nature
of the adsorption process. It was a so noted that the
changein free energy, increaseswithincreasein tem-
perature, which exhibitsan increasein adsorption
with risein temperature. Thiscould be possibly be-
cause of activation of more sites on the surface of
biomasseswith increasein temperature. A positive
valueof AS° showed increased randomness at solid—
liquid interface during the adsorption of heavy met-
as, it also suggests some structural changesin the
adsorbate and the adsorbent.

InKc=-

Van't Hoff curve for Cu

L 2
0.4
0.35
0.3
0.25

0.2 y—-575.7x+2.201
R = 0.956

Ln Ke

0.0031 0.0032 0.0033 0.0035 0.0036

T (K)
Figure8: Plot of Van’t Hoff equation for the estimation of
ther modynamic parameter sfor biosor ption of Cu by chlo-
rellapyrenoidosa.

0.0034

TABLE 4: Thermodynamic par ameter sfor theadsor ption of heavy metalsby chloréelapyrenoidosa.

Heavy Metals ~ AH° I mol"'K™)  AS® (J K'moal™)

-A°G (J.mol 'K ™)

283K 293K 298K 303K 308K 313K

Cu 4786.37 19.05

1993 5637 7702 10122 12222 14433
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FRIR spectroscopy of chlorella pyrenoidosa

Spectrumsof Chlordlapyrenoidosapresent inthe
Figure 9that reved ed the presence of hydroxyl, amino,
carboxylic and carbonyl groups. The presence of OH
group along with carbonyl group confirmed the pres-
ence of carboxylic acid groupsin the biosorbent. The
presence of NH group and OH group along with car-
bonyl group might be attributed the presence of amino
acid groupsinthe biosorbent.

= 3
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Figure9: FTIR spectrum of thechlor dlapyrencidosa (be-
fore(b) and after (a) biosor ption of Cu).

Scanning electron microscopy (SEM)

ENVIRONMENTAL SCIENCE ~ KBR 16542011

Scanning electron microscopy (SEM) of Chlorella
pyrenoidosaat before and after biosorption of copper
present inthe Figures 10 and 11 respectively. Thescan-
ning el ectron micrograph clearly revealed the surface
texture and morphol ogy of the biosorbent at different
magnifications. The SEM anaysisreved ed important

lum BB0B 16 36 SEL
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Figure 10 : Scanning electron microscopy (SEM) micro-
graphsof thechlor elapyrenoidosa befor e biosor ption.
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Fig-ufé 11: Scanning electron micrscopy (SEM) micro-
graphsof thechlorelapyrenoidosa after biosor ption of Cu.
information on surface morphology. In these micro-
graphsstructureswith large surface areawere evident.

Desor ption studies

Desorption and regeneration studies of the adsor-
bates showed that regeneration and recovery of the ad-
sorbatesis possible. Chemisorption/ion exchangewas
themain mechanism by which theadsorbates (metas)
were attached to the adsorbents. Physical adsorption
played aminimal roleintheprocess. Theresult of des-
orption studies of Cu in abatch system showed that
HNQ, (0.1 M) was more efficient in Cu desorption,
which remove 95% copper ions(TABLE5).

TABLE 5: Thedesor ption efficiency of different desor bent

EDTA HCL HNO;
(0.1M) (0.1M) (0.1M)

% Desorption of Cu  64.88 +4.66 90.08+4.15 92.69 +2.61

Desor bent

CONCLUSIONS

The batch experiment conducted with the
biosorption demonstrated that biomass of chlorella
pyrenoidosaexhibited thepotentia for Curemova from
agueous sol ution. Optimum pH and temperaturefor
biosorption in this study were 5 and 25 °C, respec-
tively. Thetimetaken for Cu adsorption by chlorella
pyrenoidosawas dependent oninitial metal ion con-
centration and increased withincreasein concentration
of Cu. Withincreasetheinitia concentration percent-
age of biosorption decreased and metal ion uptake ca-
pacity wasincreased. Withincreased theamount of bio-
mass observed that percentage of biosorptionincreased
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and metal ion uptake capacity wasdecreased. Thefind-
ingsof chlorellapyrenoidosaindicatethat the sorption
percentageincreased with increasein temperature up
to 30 ° C and there was a decrease in sorption per-
centagewith further increaseintemperature. There-
mova of Cuincreasewithincreasein biosorbent. The
biosorption processwasfoll owed both Langmuir and
Freundlich isotherm mode but Freundlichisotherm
model was better than Langmuir with R?>=0.991. The
pseudo second-order kineticsdescribed the experimen-
ta datawell. Theequilibriumtimewas60min. TheR,
vauesat different initial adsorbate concentrationsindi-
cate favorable (O<R <1) adsorption for all the
adsorbents and adsorbates studied. HNO, (0.1M) had
higher efficiency of Cu desorptionthan EDTA (0.1M)
and HCL (0.1M) with 95% efficiency desorption. A
positivevaueof AH® indicated the endothermic nature
of theprocess. A negativevaueof thefreeenergy (AG)
indi cated the spontaneous nature of theadsorption pro-
cess. A positivevaue of AS° showed increased ran-
domnessat solid-liquid interface during the adsorption
of heavy metds, it d so suggestssomestructura changes
in the adsorbate and the adsorbent. FTIR Spectrums
of Chlorellapyrenoidosarevea ed the presenceof hy-
droxyl, amino, carboxylic and carbonyl groups. The
scanning el ectron micrograph (SEM) clearly reveded
the surfacetexture and morphol ogy of the biosorbent.
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