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ABSTRACT

A biosorbent prepared from marine algae was tested for its efficiency in
removing metal ions of Copper from aqueous solutions. The sorption of
these metals on Chaetomor pha Antennina sp. conformed to linear form of
Langmuir adsorption equation. Langmuir C_ constants for each metal were
found as 25.78 mg/g (Cu) at 30°C. Also, kinetic and thermodynamic
parameters such as enthal py (AH), free energy (AG) and entropy (AS) were
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calculated and these values show that adsorption of heavy metal on
Chaetomorpha Antennina sp.was an exothermic process and the process

of adsorption was favoured at low temperatures.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Theworldisrunning out of fresh water very fast
duetowater pollution. Water hasbecome an essentia
commodity for the devel opment of industriesand agri-
culture. Itsavailability in abundance of right quality is
necessary, for promoting better quality of life. Seas, riv-
ersand lakesreceive bulk of sewage, industrial efflu-
ents, domestic and agricultural wasteswhich consst of
substances varying from smplenutrientsto highly haz-
ardouschemicals. Heavy metal pollutionisoneof the
main problems. Copper iswiddy usedinindustrid meta
plumbing, wiring, air-conditioning tubing, roofing etc.
Thismetd arisesfrom theindustriesof copper mining
and smelting, brassand bronze manufacture, electro
plating industriesand excessive use of copper based
agrichemica gY. Excessive exposureto copper andits
compounds may cauise health effects of digestive sys-
tem, eye, kidney, liver, lung and nose?4. So thereis

every need to treat waste water containing copper be-
foredischarging. For thesereasons, remova of copper
from effluent treamsby indigenousbiomateridsischo-
senfor the present study.

Themg or advantage of this processisvery effec-
tive, simpleand cheap. Biosorption rateswere deter-
mined quantitatively and thermodynamic parameterslike
enthal py, entropy and free energy changewereeva u-
ated to know thetemperaturefeasibility. Thisinforma
tionwould be useful for further applications of system
designinthetreatment of practicd waste effluents. The
biosorbent characteritics, Fourier Transform InfraRed
Spectroscopy isalso described.

MATERIALSAND METHODS

Biosorbent material preparation

The Chaetomorpha Antinnina sp., used in the
present study (10 kgs)waswashed with deionized wa
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ter tentimes (20 liters at atime) to remove dirt par-
ticles. Thewashed Chaetomor pha Antinnina sp., was
then completely dried in sunlight for 20 days. There-
sulting product was directly used as biosorbent. The
dried Chaetomor pha Antinnina sp., wasthen cut into
small piecesand powdered using domestic mixer. In
the present study the powdered materid with average
particlesizeranging from 75-283.5 um werethen di-
rectly used asbiosorbent without any pretreatment.

RESULTS

Experiments have been done for biosorption of
copper ions onto Chaetomor pha Antennina sp. sur-
face, and from the studieswe can achieveto thefol-
lowingresults.

e The percentage biosorption of copper ions on
Chaetomor pha Antennina sp decreased with in
creasing temperatureintherange 303-333 K.

e Thethermodynamic parameterssuch asfreeen-

ergy change (AG 0 ) enthal py change (AH 0 ) and

entropy change (ASO) indicated that the

biosorption processisexothermic.

e The FTIR analysis of the biosorbents,
Chaetomorpha Antennina sp and Azadirachta
Indica bark, before and after biosorption of cop-
per metal ions, clearly showed that thefunctiona
groups (OH, methyle and methylene, N-H bend
etc.) areresponsiblefor biosorption.

DISCUSSION

Effect of temperature

Therate of biosorptionisafunction of initia metal
ion concentration aswell asitstemperature. Themeta
uptake of copper onto Chaetomor pha Antennina sp.
isshowninFigure2 asafunction of theinitia meta ion
concentration at four different temperatures 303, 313,
323 and 333 K. The metal uptake of copper ion on
Chaetomor pha Antennina sp. decreased from 5.4858
t04.8927 mg/g asthetemperatureincreased from 303
to 333K for 20 mg/L dueto weakening of thebinding
of metal ionsto the biosorbent sitesfavouring desorp-
tion, rather than adsorption. Theconvectiona currents

at hightemperatures might lead to unstable metal ions
thus affecting the binding characteristicsof metal ions
to the sorbent sites. Thus, the effluent streams can be
effectively stripped off thesemeta ionsat |low tempera
tures.

Further, the decreasein the percentage biosorption
a hightemperatureisindicativethat the biosorption of
copper ions onto Chaetomorpha Antennina sp. is
exothermic in nature which was further established
through thermodynamic cal culaions.

95

904 303K

313K
323K
333K

85 o

80

75

% adsorption

VA

70

65

60

55 T T L T
0 40 60 80 10

=

0

=]

120
Concentration, mg/g

Figure1: Effect of temperatureon copper by Chaetomorphe

Antenninasp. for 0.1g/30mL of adsor bent concentration.

22

20 o

303K
313K
323K
333K

metal uptake, mg/g
® ® © b B @ ®
- - T - U
o
4
o
o
pqoOO
-

o

0 20 40 60 80 10 120

metal ion concentration, mg/L
Figure2: Effect of temper atur e on biosor ption of copper by
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Specificsurfacearea

Coverage of the surface by amonolayer metal ions
can beused for the cal cul ation of the specific surface
area, Saccording to thefollowing equation4.
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Where Sisthe specific surface area, m?/(g biosorbent);

S=

Q... the monolayer sorption capacity, (g metal/g

biosorbent); N theAvogadro number, 6.023x 10%;
A Wasthecross-sectiond areaof metd ion, n?; \ the
mol ecular weight of metal. The molecular weight and
the cross-sectional areasof copper ion wastakenfrom
theworksof Ho et al¥ and Keskinkan et a® as 63.5,
64.5 and 1.5802, 1.72 (2 in a closed packed mono-
layer respectively.

The maximum specific surface area of
Chaetomor pha Antennina sp. towards Cu?* binding
was 3.863 m?/(g biosorbent). The maximum specific
surface area of treefern and M.Spicatum for copper
biosorption were reported as 1.59 and 1.56 m?/(g
biosorbent), respectively!>¢. Comparison of the maxi-
mum specific surface areaof the biosorbent for copper
bi osorption showed that the Chaetomor pha Antennina
sp. hasalarger surface areathan that for thetreefern
and M. Spicatum.

Thermodynamicstudies

Thermodynamic parameterssuch asentha py change
(AH 0 ) freeenergy change (AG 0 ) and entropy change

(ASO ) can be estimated using equilibrium constants at

varyingtemperatures. Thefreeenergy changeof thesorp-
tionreactionisgiven by thefollowing equation:

AG® =-RTInK, @
Where AGCisstandard freeenergy change, Jmol; K
istheequilibrium congant; R theuniversal gascongtart,
8.314 Jmol K and T theabsolutetemperature, K. The
free energy changeindicatesthe degree of spontaneity
of the biosorption process and the negative vauere-
flectsamoreenergeticaly favourabl e biosorption!”3.
Theequilibrium constant may be expressed in termsof
enthal py change of biosorption asafunction of tem-
peratureasfollows:

dinK, AH°

Accordingto Eq.(3), theeffect of temperature onthe
equilibrium congtant isdetermined by thesign of . Thus
whenispostive, i.e., when thebiosorption isendother-

—= Full Paper

mic, anincreaseinresultsinanincreasein . Conversdy,
whenisnegdtive, i.e., whenthebiosorptionisexother-
mic, anincreasein causesadecreasein. Thisimpliesa
shift of thebiosorption equilibrium®.

Theintegrated form of Eq.(3) becomes
—RTInK,=AH’-TRY )
WhereisRY, the change with temperature of thefree

energy changeand theequilibrium constant can berep-
resented asfollows:

AG® =AH°-TAS® ©)
Eq (5) showsclearly enthapy and entropy characterise
the spontaneity of abiosorption process®. Thefree
energy changes for copper biosorption onto
Chaetomorpha Antennina sp. was determined by
using theequilibrium congtantsobtai ned from Langmuir
isotherm model . Theand values of copper at different
temperatures (303, 313, 323, 333 K) and pH (6.0)
aregiven in TABLE 1. As seen from TABLE 1, the
negativevauesof confirmthefeas bility of the process
and the spontaneousnature of sorptionwithahigh pref-
erence of copper on the Chaetomorpha Antennina
Sp. at lower temperatures. However, the contribution
of entropy wasfound to be even larger than the free
energy of biosorption . Therefore, it can be concluded
that the biosorption of copper onto Chaetomor pha
Antennina sp. isessentially governed by entropy.

The standard enthal py changewere obtained from
the plots of Figure 3 (In K_plotted against 1/T) as-
23.544 kJmol for copper whilethe standard entropy
change wasdetermined as-93.943 kJ/mol K for cop-
per at pH 6.0. Thevauesof isnegative, indicating that
the sorption processisexothermic.
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TABLE 1: -AG° and TAS® valuesfor thebiosor ption of cop-
per ionsat different temperaturesat pH 6.0

FIIR analysisof chatomor phaAntenninasp
A perkin-Elmer spectrum 100 FTIR spectrometer

Temlzﬁf)awf e Ka -AG’ TAS® adapted with perkin-Elmer Auto image Microscope
o (oL/ mg?z (kJ/ rg;") (k2J8/ mg') system was used in theidentification of thefunctional
141 A 28485 groupsthat may beresponsiblefor absorption of metal
313 01043 -5859 -29404  jonson the adsorbent surface. Thepure adsorbent and
323 0.0849 -6.799 -30.343  meta ionsbearing adsorbent sampleswerefirst dried
333 0.0589 -7.738 -31.283 at 105-248° C for 16 hour and then stored in adesic-
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Figure4: FTIR analysisgraph of Cheatomorpha Antennina sp. befor e biosor ption

cator. The dry samples were then diluted to 5 % in
KBR and cast into thin semitransparent disksbefore
FTIR andyss. Thewavelengthisstudiedintherange
4000 cmt into 450 cm taking air asreference.
Thismethod isused asafinger print for identifica-
tion by the comparison of the spectrum from an “un-
known” with previously recorded reference spectra.
Infrared spectra interpretation may be applied to both
organic and inorganic compounds, LinVien™ being rec-
ommended for general organics, and by Nakamoto'4
and Nyquist et.a* for inorganics(sat and coordina-
tion compounds). Theinfrared spectrumisformed asa
consequence of the absorption of e ectromagneticra-
diation at frequenciesthat correlateto thevibration of
specific setsof chemica bondsfromwithinamolecule.
It is defined as the sum of the contributing energy
termg*4.
E =E + E +E + E

total electronic vibrational rotational translational

Vinowandaet.d™ reported that theinvolvement —

H, -NH,, -C=0 and — COOH which are polar leg-
endsare capable of binding heavy metals. Amidel ~3
were observed by Guibal et. a for fungi Aspergillus,
Pencillium and Mucor*®, Ashkenazy et. a*! reported
the presence of negativity charged— COOH groups of
yeast biomassin Pb biosorption through FTIR spec-
troscopic anaysis. Therole of carboxyl groupsof cell
wall of dginatein Sargassum fluitansand involvement
of complexation mechanism were reported for the
biosorption of heavy metall*”). N.Kannan and
T.Veemaraj!*® confirmed the presence of functional
groups like OH, C-H, C=0 CH,, C-S and C-O-C
are responsible for adsorption to be took place.
S.SAhluwaia& D.Goyad™ informed that the carboxyl
groupwasinvolvedinthebinding of lead andiron, where
astheaminegroup wasinvolvedinthebinding of Nickle
andZinc.

The FTIR spectrawere obtained for the biomass
particles of thisstudy before and after adsorption ex-

CHEMICAL TECHNOLOGY
Au Tudian Yournal



CTAIJ, 8(4) 2013

S.Beena Lahari et al.

113

—= Ful] Paper
650
mn
11853 RAs 851,74
" 168837 wi gy
4 209163 BN
ri;f'.-"} i ﬂj\\\ A J"\‘. J
R\ i’ 1YY
mﬁiﬂ e \ L ,ff “hin_ g
s | W18 S 23414 156458 19RM 19012 / 7“-3;,03
\ g '| /) weor |
\ A/ L Y AN p A
) \ 7 & o Wity
.\ ¥ \ fuwa ¥ Y T A
30, X /f' .. ‘»1/ [ uma VYN
. ; i e e
b 196228
45 |
0__
: T T T T T T
K} ! T T T .
ity (PR R wo W W0 e
m-

Figure5: FTIR analysisgraph of Cheatomorpha Antennina sp. after copper metal biosor ption

periments. Asshown in Figure 1 and 2 the peak ob-
served at 3412 cnm? (before) and 3408 cmt (with cop-
per) result form NH, arsymmetric stretch mode of
amines. The peak observed at 3412 cm* isbroad and
seemsto beindicative of both amineand bonded OH
groups.

The peak observed a 2852 cm'! (before) and 2896
cnt (with copper) isindicative of the C-H groups.

The peak present at 1647 cm (before) and 1640
CM-1 (with copper) isfrom CO stretching mode con-
jugated toaN — H deformation mode and is indicative
of amine 1 band.

The peaksat 1541 cm* (before) and 1539 cm'?
(with copper) confirmsthe presence of Aromatic Ni-
tro Compound.

The peaksat 1421 cm* (before) and 1430 cm'?
(with copper) indicatestheinvolvement of carbonate
ioninthe adsorption process.

The change of peaks can be interpreted as the
result of weakened bond structure of biomassdueto
thereaction between the functiona groupsand meta
ions. Theelementswhich arein high quantitiesinthe
powder areeas |y exchangeable by heavy metalswhich
have low lying d and f orbitats. The sites on the
biosorbent hol ding up these exchangeable metal ions
can then act as active sitesfor theexchange of heavy
metals.
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