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ABSTRACT

A novel nanocomposite adsorbent chitosan grafted polyaniline-OMMT (CPOM) was synthesized
by oxidative free radical polymerization of aniline in presence of montmorillonite and chitosan. The
material was well characterized by FTIR, XRD, TGA, SEM and TEM and engaged for the removal of
Cr (VI) and Cd (II) from aqueous solutions. Various parameters such as adsorbent dose, solution pH,
metal ion concentration and temperature were studies to find the optimum conditions for adsorption
reaction. The equilibrium data were applied to study the Langmuir, Freundlich, Flory-Huggins and
Temkin models. On the basis of value of correlation coefficient, the applicability of Langmuir isotherm
model was confirmed and maximum monolayer adsorption capacity was found to be 90.90 mg g™
for Cr (VI) and 54.64 mg g for Cd (II). The adsorption kinetics data were found to be best followed
by pseudo-second-order reaction and the adsorption mechanism was well described by chemisorp-
tion. Thermodynamic studies showed that the adsorption process was endothermic and feasible. The
results show that the material exhibit a high removal efficiency towards Cr (VI) and Cd (II).
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1. Introduction

Increase in industrial and human activities has intensified
environmental pollution and the deterioration of water systems
with the accumulation of many pollutants, especially heavy met-
als [1,2]. Among the toxic heavy metals, Cr (VI) and Cd (II) ions
have been found to be most toxic heavy metals and are a serious
threat to humans as well as marine life even at low concentra-
tions as they can bio accumulate through the food chain [3-5].
Humans can be affected by serious problems, such as dermatitis,
allergy, lung and nervous system problems due to Cr (VI) and on
the other hand Cd (II) is primarily toxic to kidney and bones [6-8].

* Corresponding author.

Various conventional methods have been developed for
the removal of heavy metals from wastewater including
precipitation, reduction, membrane filtration, ion exchange,
reverse osmosis, and adsorption [9-11]. Of these methods,
adsorption has been found to be very efficient for the removal
of chromium from contaminated groundwater due to its low
initial cost and ease of operation [12,13].

Recently biopolymer grafted synthetic polymer base nano-
composites have gained much attention as adsorbent in the
field of wastewater treatment due to combine properties of both
biopolymer and synthetic polymer. Chitosan (CTS) is a biopoly-
mer produced by partial deacetylation of naturally occurring
biopolymer chitin [14]. Chitosan has been proved as an effective
adsorbent due to a number of amino groups that are responsible
for the high adsorption property of chitosan [15,16].
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Due to large amount of amine and imine functional
groups, PANI has strong affinity with metal ions and can
remove heavy metal contaminants from aqueous solutions
effectively [17,18]. To extend its efficiency for the removal of
heavy metals, PANI was grafted with a biopolymer chitosan.
The stability of polymer matrix can be enhance by addition
of fillers such as natural clays, metal oxide nanoparticles
etc. [19]. The naturally occurring sodium montmorillonite
(MMT) clay is most commonly used as filler for polymer
nanocomposites [20]. MMT has ability to exchange ions to
make it suitable for using it as filler in hydrophobic polymers
and to prevent its agglomeration in polymer matrix [21].

In this study, CTS grafted PANI-OMMT nanocomposite
was synthesized by oxidative free radical graft copolymer-
ization of aniline in presence of montmorillonite and chi-
tosan was further utilized as an adsorbent for removal of
Cr (VI) and Cd (II) form aqueous solutions. The adsorption
parameters prove that the nanocomposite show a very high
adsorption capacity towards Cr (VI) and Cd (II).

2. Materials and methods
2.1. Materials

Sodium montmorillonite, chitosan, cetyltrimethylam-
monium bromide (CTAB) and ammonium persuphate
(APS) were purchased from Sigma-Aldrich India and used
as received. Aniline monomer was purchased from Merck,
India, and was distilled before use. Potassium dichromate
(K,Cr,0,) and cadmium nitrate (Cd (NO,),) were purchased
from Merck, India. 1000 mg L™ stock solutions of corre-
sponding metal ion was prepared by dissolving appropriate
amount of metal salts in double distilled water.

2.2. Synthesis of organo-MMT (OMMT)

Synthesis was done by already reported method [22],
by using ion exchange process and the detailed method as
follows: 5.0 g of montmorillonite was taken in a round bot-
tom flask with 200 mL of double distilled water and vigor-
ously stirred for 1 h at 80°C. Now to the above suspension
100 mL of 0.1 M solution of CTAB was added and the mixture
again left on stirring for 2 h. Now the OMMT was filtered and
washed to remove extra CTAB and dried at 60°C in a vacuum
oven for 2 h.

2.3. Synthesis of chitosan-gft-polyaniline/ OMMT nanocomposite

The material chitosan-gft-polyaniline/OMMT (CPOM)
was synthesized by oxidative free radical polymerization of
Aniline in presence of chitosan [23]. The detailed procedure
is as follows: 1 g of chitosan was dissolved in 100 mL of 0.1 M
HCl solution in a round bottom flask. Now in another flask 1
g of OMMT was taken in a 100 mL of double distilled water
and stirred for 1 h to get well dispersed and this suspension
was added to the above chitosan solution and again stirred
for 1 h. Now 10 mL of distilled aniline in 150 mL of 0.1 M
HCI solution was added to the above mixture at 0°C-5°C
temperature followed by addition of APS solution. The reac-
tion was allowed to stand for 12 h on magnetic stirrer and
a green coloured precipitate was formed which was filtered
and washed by 0.1 M HCl solution to remove unused aniline

monomer and later on with double distilled water and was
dried at 60°C for 4 h in oven.

2.4. Instrumentation

The FTIR spectra of the adsorbent materials were
recorded with a Perkin Elmer 1800 model IR spectropho-
tometer operating at frequency range from 400 to 4,000 cm™
using KBr pallets. X-Ray diffraction (XRD) patterns of the
samples were obtained using Siemens D 5005 X-Ray unit
Cu Ko (A = 1:5406A°) radiation, generated at a voltage of
40 kV and a current of 40 mA was used as the X-ray source.
Scanning electron microscopy and Electron diffraction scat-
tering (SEM/EDS) analysis were done using GSM 6510LV
Scanning electron microscope. The particle size and structure
of the synthesized nanocomposite were observed by using
JEM 2100 transmission electron microscope (TEM). The ther-
mal stability was determined by derivative thermal analysis
(DTG, Perkin Elmer Pyris 6) and DTA (Perkin Elmer model,
STA 6000). The thermograms were recorded for 20 mg of
powder sample at a heating rate of 10°C min™ in the tem-
perature range of 30°C-800°C under nitrogen atmosphere.

The concentration of metal ions in the solution was
measured by Atomic Absorption Spectrophotometer (AAS)
model GBC-902. Elico Li 120 pH meter was used to adjust the
pH of the solutions.

2.5. Adsorption experiments

The adsorption experiments were carried out using batch
equilibrium technique in aqueous solutions at a pH value of
2 for Cr (VI) and 5 for Cd (II) at 30°C-50°C. 0.05 g of adsor-
bents was added to 20 mL of 40 mg L™ metal ion solution and
shaken in a thermostatic water-bath shaker operated at 120
rpm. After equilibrium was reached, adsorbent was removed
and the supernatant was collected. The concentration of
metal ions in supernatant was measured using flame atomic
absorption spectrophotometer (AAS). The effect of time on
the adsorption of Cr (VI) ions on adsorbent was studies in a
range of 5-300 min. The amount of metal ions adsorbed onto
adsorbent was calculated by a mass balance relationship:

(C,-C )V
1= )

where, g, is the amount of metal ion adsorbed per unit weight
of the adsorbent (mg g7); C, and C, are the concentrations
(mg L™) of the metal ion before and after adsorption, respec-
tively; V'is the volume of the adsorption medium (L); W is the
amount of the adsorbent (g).

3. Results and discussion
3.1. Adsorbent characterization

The FT-IR spectra of MMT, CTAB-MMT, chitosan, PANI
and CPOM are shown in Fig. 1 in which Na-MMT showed
the peak at 1,046 cm™ due to Si-O stretching, the peak at
3,640 cm™ due to the stretching mode of -OH bond [24]. The
peak at 1,636 cm™ is also associated with the RN (CH,)* ion
in CTAB. Besides, the peaks at 2,851-3,018 cm™ are due to the
stretching of -CH, group, which comes from CTAB with long
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Fig. 1. FT-IR spectrum of (a) MMT, (b) CTAB-MMT, (c) Chitosan
(d) PANI, (e) CPOM.
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Fig. 2. XRD spectra of (a) MMT, (b) CTAB-MMT, (c) PANI,
(d) CPOM.

aliphatic tail in their molecules [25]. The presence of broad
peak at 3,426 cm™ in the spectrum of chitosan is of hydroxyl
groups while peaks appearing at 1,646 cm™ and 1,383 cm™
correspond to stretching vibrational frequency of amide
I and amide II in chitosan molecules [26]. In the spectra of
PANI, the peaks from 1,501 to 1,644 cm™ are attributed to the
characteristic C-C stretching of the quinoid and benzenoid
rings. Finally the spectra of CPOM nanocomposite, the broad
peak at 3,439 cm™is due to overlapping of -OH bands from
CTS, MMT and -NH2 peaks from PANI. The Ar-H band of
PANI is overlapped with -OH bands of CTS and MMT.

XRD patterns of MMT, OMMT, PANI and CPOM are
shown in Fig. 2. The diffraction peak of the OMMT occurring
at 20 = 28.94°, corresponding to 3.336A° shifted from that
of Na-MMT (20 = 26.69°), corresponding to 3.01A°. These
indicated that the cation exchange is intercalated into the
galleries of silicate layers after exchanging with the sodium
ion. The PANI peak diffracted at an angle of 20 = 25.72°,
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Fig. 3. TGA thermograms of PANI and CPOM.

respectively, in the XRD pattern showing low crystallinity for
conductive polymers due to the repetition of benzenoid and
quinoid rings in PANI chains [27]. The XRD pattern of nano-
composite material contains all the peaks related to OMMT
and PANI with reduced intensity demonstrating a complete
incorporation OMMT in CTS-PANI matrix. The Strong peak
in XRD spectra of PANI vanishes in the CPOM spectra due to
grafting with chitosan.

Thermal stability of PANI and its composite was anal-
ysed by TGA and the thermograms are given in Fig. 3. The
TGA thermogram of pure PANI shows three step degrada-
tion of weight in the range of 30°C-800°C. The first weight
loss of at around 120°C is due to evaporation of water. The
second stage of weight loss starting at around 140°C up to
370°C almost 60% substance weight loss which represents
the degradation of low molecular weight polymers [28].
From 370°C onwards, degradation of PANI Chains takes
place up to 800°C in which almost 90% mass loss is observed.
The CPOM also shows same stages of weight loss with little
bit of higher thermal stability as compared with pure PANI
due to incorporation of OMMT in CTS-PANI matrix.

The surface morphology of CPOM was studied by scan-
ning electron microscopy taken PANI and chitosan as refer-
ence. As can be seen in Fig. 4, chitosan showed cotton like
accumulation and carrying an irregular shape with smooth
surface while close packed particles with amorphous nature
is observed in the SEM image of PANI. The SEM image of
CPOM nanocomposite reveals a close mapping of spherical
particles with porous surface showing an enhanced crystal-
line morphology of nanocomposite.

Typical TEM image of CPOM nanocomposite is shown
in Fig. 5, which indicates the presence of relatively spherical
structures and well disperse distribution of the OMMT nano-
clay in the CTS-PANI matrix. According to Fig. 5, the average
size of OMMT nanoclay was estimated to be 93.42 nm.

3.2. Adsorption behaviour of CPOM for Cr (V1) and Cd (1I)
3.2.1. Effect of contact time and adsorbent dose

To evaluate the effect of contact time for removal of Cr
(VI) and Cd (II), 20 mL of 40 mg L™ metal ion solution was
taken in time intervals of 5 to 300 min. From Fig. 6 (a), it can
be observed that the equilibrium was achieved within 120
min after which it became constant and there was no further
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Fig. 5. TEM image of CPOM showing particle size and its distri-
bution in polymer matrix.

metal ion adsorption was observed. Hence, 120 min contact
time was chosen as optimum time for further experiments
so that complete equilibrium is achieved within this time
period. The process was found to be very rapid initially, and
a large fraction of the metal ions were removed within few
minutes attributing to the availability of a large number of
vacant sites are available for adsorption initially. After some
time, the remaining vacant sites are not easily available due
to repulsive forces between the metal ions on the solid surface
and the bulk phase resulting in slowing the removal process.

The adsorption of metal ions in the solution is greatly
affected by the dose of adsorbent used. A range of adsorbent
dose from 10 to 100 mg was used with 20 mL of 50 mg L
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of metal ion solution for 120 min to investigate the effect of
dose on removal of metal ions and the results are shown in
Fig. 6 (b). It was found that the adsorption efficiency for both
metal ion increases as the amount of adsorbent increase but
for Cr (VI) removal efficiency decreases after 70 mg while for
Cd (IT) removal efficiency slightly increases with increase in
adsorbent dose. This trend can be explained as the adsor-
bent dose increases, the number of adsorbent particles also
increases facilitating more active sites for adsorption.

3.2.2. Effect of pH

In order to evaluate the influence of pH on the adsorption
capacity of the CPOM, experiments were carried out at ini-
tial metal ion concentration of 40 mg L™ and in the pH range
1.0-7.0. It can be seen from Fig. 6 (c) that an abrupt increase
in adsorption capacities for Cr (VI) was observed when pH
increases up to 2 while for Cd (II) up to 5 and then decrease
slightly with further increase of pH values. At pH<4, due to
presence of excess of H+ ions in the solution the adsorbent
surface becomes positively charged due to protonation and
HCrO, form of Cr (VI) ions are dominant at lower pH [29],
so strong electrostatic attraction between positively charged
adsorbent surface and negatively charged HCrO," ions leads
to higher removal efficiency. However, as the pH increases
deprotonation of surface of the adsorbent was occurred due
to decrease in no. of H"ions as a result lower adsorption
capacity obtained due to less interaction between Cr (VI) ions
and adsorbent surface at higher pH value. At pH > 5.0, pre-
cipitation of metal as metal oxide occurs leading to decrease
in adsorption efficiency and at pH < 5.0, H" ions in the solu-
tion competes with the metal ion for adsorption resulting in
poor adsorption capacity for Cd (II) [30]. Therefore, pH 5.0 is
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Fig. 6. Effects of (a) contact time, (b) dose, (c) pH on adsorption of
Cr (VI) and Cd (1) on CPOM at 50°C with C =40 mg L™

considered as optimum pH for Cd (II) as maximum adsorp-
tion capacity was obtained at this pH.

3.3. Adsorption isotherm modeling

An important aspect that must be considered in adsorp-
tion reactions for the removal of heavy metal ions from
aqueous solutions is the fitting of the experimental data
obtained to a corresponding adsorption isotherm model.
The experimental data were applied to three adsorption
isotherm model such as Langmuir, Freundlich and Flory-
Huggins and Temkin [31-34]. The parameters for all the
models are calculated by linear regression method and
listed in Table 1.

Linear form of equations for Langmuir, Freundlich,
Flory-Huggins, and Temkin model is given as follows:

Ry @
qe quL qm
In —llnC +InK
9. = InC, F ®3)
1n(ci) =InK,, +nln(1-6) 4)
g, =BInA+BInC, (5)
RT
B="-
b (6)

where C, is the equilibrium concentration of metal ions
(mg L"), g, is the adsorption amount at the equilibrium
(mgg™), q,,is the maximum adsorption capacity (mg g™'), and
K, is the Langmuir constant related to the affinity of binding
sites (L mg™). The value of g, and K, can be calculated by
slope and intercept of a plot between C/q, and C, (Fig. 7(a)).
K, is roughly an indicator of the adsorption capacity
and n is the adsorption intensity which is a numerical value
and varies with heterogeneity. The magnitude of the expo-
nent n gives an indication of the favourability of adsorp-
tion. For a favourable adsorption, value of n must be greater

Table 1
Adsorption isotherm parameters for Cr (VI) and Cd (II) on CPOM at 50°C
Ions Langmuir Freundlich Flory-Huggins Temkin
q, K, R? n K, R? n K., AG R? A b R?
Cr (VI) 90.90 0.06 0.99 1.27 4451 0.98 023 1899 -791 0.96 2.19 220.66 0.98
Cd (IT) 54.64 0.02 0.99 1.09 5.08 0.98 026 7.72  -7.72 0.98 1.38 231.90 0.98

Note: g, (mg g), K, (L mg™), K, [mg g™(L/mg)""], b (Lmg™), A (L g"), AG (K] mol™), A (L mg™), b (J mol™), K, (L g™).
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Fig. 7. (a) Langmuir, (b) Freundlich, (c) Flory-Huggins, (d) Temkin - adsorption isotherms for Cr (VI) and Cd (II) on CPOM at 50°C,

0.05 g of adsorbent & optimum pH.

than unity. K, and n can be calculated by a linear plot between
In g,and In C, (Fig. 7(b)).

0 = (1-C/C)) is the degree of surface coverage, n is the
number of adsorbate occupying adsorption sites, K, is
the equilibrium constant (L mol™). K,,; and n can be deter-
mined by plotting In (6/C)) vs. In (1-0) (Fig. 7(c)) and the
parameters are given in Table 1. K, and AG® are related
as follows;

AG® =-RTInK,,, @)

where AG?® is the standard free energy change, R is the uni-
versal gas constant and equal to 8.314 ] mol™ K and T is
the absolute temperature. The values of AG® calculated was
negative which shows that the adsorption process is sponta-
neous in nature.

Temkin isotherm model assumes that the heat of adsorp-
tion of all the metal ions in the layer decreases linearly with
the coverage of surface of adsorbent and the ongoing process
of adsorption can be characterized by uniform distribution
of binding energies up to maximum value of binding energy
for that process. Thus, a plot of In C_ as function of amount of

metal ion adsorbed at equilibrium give straight lines indicat-
ing thereby uniform distribution of binding energy is taking
place because of interaction of the adsorbing metal ions. The
slope and intercept of straight line evaluates A the binding
constant corresponding to binding energy in L mg™ and B
the heat of adsorption in ] mol™ that can be calculated from
the slope and intercept of the plot between g, and In C, given
in Fig. 7 (d).

The adsorption parameters calculated by linear plots are
given in Table 1. The value of linear regression coefficient
(R?) obtained for Freundlich for both Cr (VI) and Cd (II) is
0.99 that is higher than the Langmuir, Flory-Huggins and
Temkin, demonstrating that the equilibrium data were best
fitted with Freundlich adsorption model. The maximum
monolayer adsorption capacity obtained by Langmuir
90.90 mg g™ for Cr (VI) and 54.64 mg g for Cd (II) suggest-
ing that the material has more affinity for Cr (VI) than the
Cd (II). The value of n obtained from Freundlich isotherm
model also greater than unity indicating that the adsorption
is favourable for both the metal ions. The free energy val-
ues calculated by Flory-Huggins support the spontaneous
nature of adsorption process and they are in close relation
to the values obtained by thermodynamic studies at 50°C.
On observing the values of binding constant A from Table 1,
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they also support for the high affinity of Cr (VI) towards
adsorbent as compare with Cd (II).

3.4. Adsorption kinetics

For a practical application of CPOM in heavy metal
removal, kinetics of the adsorption reaction is required. A
number of kinetic models have been established to under-
stand the adsorption kinetics and rate-limiting step such
as pseudo-first-order [35], pseudo-second-order [36] and
Weber-Morris intraparticle diffusion [37]. The linear equa-
tions for these models are given as follows;

The linear equations for pseudo-first-order, pseudo-
second-order and intraparticle diffusion model are given as:

klt

®)
2.303

log(q, —q,) =loggq, -

q, ©)

T mcr

0.6 - ®Cd

0.4 1

0.2 A1
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q, :Blnt+ﬁln(a[3) (10)
g, =kyt"? +C (11

where g, (mg g') is the equilibrium adsorption capacity,
g, (mg g') is the adsorption capacity at time t and k,
(min™) is the pseudo-first-order rate constant and k, is the
pseudo-second-order rate constant (g mg™ min™). Values of
k, and g, can be obtained from the slope and intercept of the
plot of log (g,-g,) and t given in Fig. 8 (a-d). a is the initial
adsorption rate (mg g™ min™) and {3 is the adsorption con-
stant (g mg™). The plot of g, vs. t*?at different initial solution
concentrations gives the value of k, , and may present multi
linearity which indicates two or more steps occurring in the
adsorption process.

The calculated data for both the models are listed in Table 2
from which it can be interpreted that the correlation factor
obtained for pseudo-second-order model (0.99) is higher than
the pseudo-first-order (0.98), Elovich (0.88) and intraparticle
(0.63), indicating thereby involvement of pseudo-second-order
process for both the metal ions. Furthermore, the calculated

(= i ]

18 acr
eCd

14

(=T N L
i

0 5 10 15 20
tl 1

Fig. 8. (a) Pseudo-first-order, (b) Pseudo-second-order, (c) Elovich, (d) Intraparticle diffusion model for Cr (VI) and Cd (II) on CPOM
at 50°C taking 0.05 g of adsorbent at optimum pH and 40 mg L™ as initial metal ion concentration.
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Table 2
Kinetic parameters for Cr (VI) and Cd (II) ions at 50°C

Metal ions Pseudo-first-order Pseudo-second-order Elovich Intra-particle

gcal  k R? gcal k, R a B R? K., c R
Cr (VD) (4.,=17.88) 806 0042 0984 1815 0015 099 29596 058 088 041 12.14  0.68
cd{(@,,=16.23) 723 0054 099 1652 0015 099 7275 054 084 043 1033  0.63

values of g, by using pseudo-second-order rate equation and
the experimental values were close to each other for both the
metal ions as compared with pseudo-first-order rate equation,
which shows a large deviation from the experimental values.
This phenomenon further indicates that the adsorption kinet-
ics for the uptake of heavy metals on CPOM nanocomposite
can be best described by pseudo-second-order rate equation
and chemical sorption involving valences forces through shar-
ing or exchanging of electrons between sorbate and sorbent
may be the rate controlling process.

3.5. Thermodynamics of adsorption

To confirm our prediction about the endothermic nature
of the adsorption process, thermodynamic parameters such
as Gibbs free energy change (AG°®), enthalpy change (AH®)
and entropy change (AS°) were calculated using the Gibbs
equation and the van't Hoff equation given below:

AG’ =—RTInK, (12)
AH'  AS’
IK, ===+ "o (13)

The gas constant R is defined by 8.3145 ] mol™ K. K_
(C,/C) is the distribution coefficient; T is the temperature of
the solution in Kelvin. AG® and AS°® were calculated from the
slope and intercept of a plot of In K_as a function of 1/T, as
shown in Fig. 9. The free energy change (AG®) can be deter-
mined from the following equation.
AG® = AH’ —~TAS® (14)

Thermodynamic parameters associated with the Cr (VI)
and Cd (II) adsorption by the nanocomposite are listed in
Table 3. The positive value of AH® confirmed the endother-
mic nature of the adsorption process of the nanocomposite
for the adsorption of Cr (VI) and Cd (II). The values of AG®
are all negative, and the value of AG® decreases as the tem-
perature increase from 30°C-50°C, which indicates that the
Cr (VI) and Cd (II) adsorption process of the nanocomposite
is spontaneous and spontaneity increases with temperature
[38]. The positive value of AS° reveals the increased random-
ness at the solid-solution interface during the binding of the
metal ions on the active sites of the CPOM nanocomposite.

3.6. Comparison with other adsorbents

A comparison of adsorption capacities of various
adsorbents with the present study has been given in
Table 4. The table itself reveals that the present adsorbent
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Fig. 9. Thermodynamic plot between In Kc and 1/T for removal
of Cr (VI) and Cd (II) on CPOM at 30, 40 and 50°C.

Table 3
Thermodynamic parameters for Cr (VI) and Cd (II) onto CPOM
as a function of temperature

Metal AH® AS° AG° (K] mol™)

ions KJmol!  KJK'mol! 303K 313K 323K

Cr (V) 2037 0.080 -3.88 -4.69 -5.49

Cd I 2079 0.088 -3.49 -4.29 -5.09
Table 4

Comparison of adsorption capacities (mg g™) of various
adsorbents

Adsorbent Cr(VI) Cd(I) References
Ce (III) doped ZnFe,O, 57.24 - [39]
Fly Ash/chitosan - 87.72  [40]
Halomonas BVR1/chitosan - 23.88 [41]
HCB/TiO, 27.33 - [42]
SSMS 47.61 - [43]
MnO,/o-MWCNTs - 41.60 [44]
Imidazole/silica 47.79 - [45]
PGC - 14.33 [46]
CPOM 12345  84.75 This Study

shows a high adsorption capacity towards Cr (VI) and
Cd (II). The comparison of metal ions adsorption on
nanocomposite and other individual components have
been presented in Fig. 10 that clearly indicates that
CPOM nanocomposite exhibit highest adsorption effi-
ciency towards both metal ions.
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Fig. 10. Comparison of removal efficiency of individuals with
CPOM for Cr (VI) and Cd (II).
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4. Conclusion

In the present study, chitosan-g-polyaniline/OMMT
(CPOM) was synthesized by oxidative free radical polym-
erization of aniline in presence of chitosan and OMMT. The
material was well characterized by FT-IR, XRD, TGA, SEM
and TEM and further used for the removal of Cr (VI) and
Cd (II). Batch experiments were performed to study the
effects of contact time, solution pH and adsorbent dose.
The results showed that equilibrium was established after
120 min of contact. The adsorption of metal ions is highly
pH-dependent and the maximum removal efficiencies
and adsorption capacities of the selected metal ions were
obtained at pH values 2 for Cr (VI) and 5 for Cd (II). The equi-
librium data were applied to four isotherm model Langmuir,
Freundlich and Flory-Huggins and Temkin model and best
fitted with Freundlich isotherm model and maximum mono-
layer adsorption capacity calculated by Langmuir model was
found to be 90.90 mg g™ for Cr (VI) and 54.64 mg g for Cd
(IT) at 50°C. All kinetic results suggest that the adsorption
of metal ions by CPOM followed the second order kinet-
ics model and chemisorption is the rate determining step.
Thermodynamic studies reveals that the adsorption process
for removal of Cr (VI) and Cd (II) is spontaneous and feasible
based the calculated free energy values.
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