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ABSTRACT

A polyaniline-mixed metal (Fe-Mn-Zn) oxide (PANFMZO) nanocomposite adsorbent is
synthesized and characterized by FTIR, SEM, SEM/EDX and Brunauer—Emmett—Teller (BET) analysis.
Efficiency of PANFMZO as adsorbent for removal of Cu(ll) ions from aqueous matrices is analysed. The
parameters like change in amount of adsorbent, contact time, pH and initial Cu(ll) ion concentration are
studied and removal of 69.20% of Cu(ll) ion from test solution is achieved. The maximum adsorption
capacity of PANFMZO for Cu(ll) is found to be 75.1879 mg/g. The adsorption results are described by
both Langmuir and Freundlich isotherms, the data fits better with Freundlich isotherm (R2=0.9998).
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INTRODUCTION

Copper is an essential trace nutrient;
however, the excess amount is hazardous to
both humans and animals.' Due to the numerous
industrial and commercial uses of copper metals
and compounds?#, copper pollution has become
a significant environmental issue. The commonly
employed techniques for remediation of copper ions?®
from aquatic samples include chemical precipitation®,
flotation’, biosorption®', electrolytic recovery',
membrane separation’?, metal adsorption onto
minerals® and activated carbon'. The adsorption
process has been extensively studied in order to
solve the problem of copper ions contamination in
aqueous matrices. Polyaniline-based composites,

which are made by combining polyaniline with
one or more similar or dissimilar materials, have
been reported to be good adsorbents for removing
metal ions™. Few advantages associated with them
include simple synthesis, inexpensive monomer
cost, good environmental stability, easily controlled
reversible properties by doping, charge exchange and
protonation, distinctive functional groups (e.g. -NH-),
and tunable properties'®. The diverse morphological
structures, high surface areas, good dispersibility, and
synergistic features of the polymer and the filler make
PANI-based nanocomposites suitable candidates for
the adsorption of metal ions'. In this work, polyaniline-
formaldehyde copolymer has been synthesized and
employed for remediation of Cu(ll) ions from aqueous
matrices in the range of its toxicity limit.
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MATERIAL AND METHOD

To prepare PANFMZO, 10.0 mL (100
mmol) of aniline was acidified with 12.0 mL (120
mmol) of concentrated HCI, the anilinium salt
obtained was dissolved in 50.0 mL of water. 10.0
mL (100 mmol) of formaldehyde was added to the
above solution and the copolymer obtained was
cooled to room temperature. Aqueous solution of
FeCl,.6H,0, MnCl,.4H,0 and ZnCl,, in different

molar ratios (Table 1) was mixed slowly in the
copolymer with constant shaking over sonicating
bath. Resulting mixture was treated with 10%
NaOH with constant shaking for 10 min and
precipitate was allowed to settle down for 45
minute. The precipitate was vacuum filtered and
washed until free from alkali and dried at 70°C to
get PANFMZO nanocomposite in powder form.
1000 ppm stock solution of Cu(ll) ion was prepared
by using standard method as reported™®.

Table 1: Molar ratios of Fe(lll), Mn(ll) and Zn(ll) for synthesis of PANFMZO

S. No Sample Moles of Fe(lll) ions Moles of Mn(ll) ions Moles of Zn(ll) ions
1 S1 0.04 0.0189 0.0000
2 S2 0.04 0.0151 0.0039
3 S3 0.04 0.0113 0.0079
4 S4 0.04 0.0075 0.0119
5 S5 0.04 0.0037 0.0159
6 S6 0.04 0.0000 0.0199

PANFMZO was shaken with the Cu(ll)
ion solution in a stoppered conical flask and the
concentration of residual ions was determined
using AAS (ECIL, AAS4141) and the concentration
of Cu(ll) ion adsorbed, g, (mg/L), was determined
using following equation’®

Cp—Cp)V
qe:(owej

Where ¢, and c_: initial and equilibrium
concentrations of adsorbate (mg/L), respectively,
V: volume of solution (L) and W: mass of adsorbent
(9). The percentage removal of Cu(ll) ions was
determined using following equation:

Co—FCe

% removal = x 100%

Co

RESULTS AND DISCUSSION

IR spectroscopy was employed to
determine the changes in the vibrational
frequencies of the groups present in PANFMZO
due to adsorption of Cu(ll) ion. PANFMZO before
adsorption showed a peak at 3287.5 cm™ due to
secondary N-H stretch, while peak at 2791.8 cm™
indicated formaldehyde -CH, moiety. C-N aromatic
stretch at 1338.1 cm™ further confirmed the amine
and a peak at 1599.0 cm™ indicated C=C stretch
of aromatic ring. Peak at 827.5 cm™' appeared due
to C-H out of plane bending and busy finger print

region was due to substitution at 1 and 4 positions
of the benzene ring (Figure 1a).

After adsorption, the IR spectra showed
marked variation in the major peaks. The shifted
peaks were observed at 3350.9 cm™' (N-H stretch),
2899.9 cm™ (C-H stretch; aliphatic), 1341.8 cm™'
(C-N aromatic stretch), 1587.8 cm™' (C=C stretch;
aromatic), 816.3 cm™' (C-H bending) and changes
in the finger print region were also observed
(Figure 1b)?'.

The SEMimage revealed porous structure
of material with irregular shaped nanoparticles of
size ranging from 72.03 nm to 133 nm (Fig. 2a).
SEM-EDX analysis clearly indicated presence
of only Fe, Mn, Zn and O showing the formation
of the oxides of the metal ions and peak of C
was due to presence of the polymer matrix
(Figure 2b).

SEM image (Fig. 3a) after adsorption
studies revealed rugged morphology with filled
pores indicating the presence of adsorbed Cu(ll)
ions. This was further confirmed by SEM-EDX which
showed additional peak of Cu along with Fe, Mn, Zn
and O (Fig. 3b). The mapping image also provided
additional evidence for the adsorption of Cu with
its uniform distribution throughout the surface of
PANFMZO (Figure 3c).
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Fig. 1. IR spectrum of (a) PANFMZO (b) PANFMZO after adsorption
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Fig. 2. (a) SEM Image (b) SEM-EDX of PANFMZO before
Cu(ll) ion adsorption
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Fig. 3. (a) SEM Image (b) SEM-EDX (c) SEM-EDX
mapping of copper after Cu(ll) ion adsorption

From preliminary adsorption experiments,
the distribution coefficient value (K ) for samples, S1,
S2, S3, S4, S5 and S6 were found to be 3502.85,
4877.45, 1584.47, 901.46, 812.71 and 632.53,
respectively. Sample S2 (molar ratios Fe(lll): Mn(ll):
Zn(ll): 2.65:1.00:2.58) showed maximum K, value
and therefore was selected for further studies. The
equilibrium data was calculated with the help of batch
methodology?? and optimum conditions for Cu(ll)
ion adsorption using PANFMZO were analyzed by

studying domains like variation in pH, adsorbent
dose, time of contact and initial concentration of
adsorbate. To examine the effect of dose, 0.01 to
0.07 g of PANFMZO was shaken with 250 mL of
1mg/L solution of Cu(ll) ion Cu(ll) ion adsorption
increased with rise in amount of PANFMZO up to
0.05 g (Fig. 4a). This may be ascribed to upsurge
in available adsorption sites, however, further
increase in dose did not show any change due to
aggregation of adsorbent®. The Cu(ll) ion adsorption
was also monitored by varying the contact time from
10-60 min (Fig. 4b). The initial rise in adsorption
was observed with time and the equilibrium was
attained after 40 minute. Thereafter insignificant
change in Cu(ll) ion adsorption indicated that the
adsorption sites are saturated with Cu(ll) ions. To
optimize pH conditions, Cu(ll) ion adsorption studies
were executed from pH 1 to 7. At pH 6, maximum
adsorption was observed, at lower pH values the H*
seems to compete with metal ion for the adsorption.
At pH>6 the solution started showing precipitation
which may be due to complexation of Cu(ll) ions with
OH-ions (Fig. 4c). The optimum initial concentration
of adsorbate was also analyzed (Fig. 4d). The
percentage removal of Cu(ll) ions at 0.8, 1.0, 1.5,
2.0, 2.5, 3.0 mg/L was found to be 69.12%, 69.20%,
68.33%, 67.75%, 67.40% and 67.00%, respectively.
The percentage removal decreases beyond 1.0 mg/L
which indicated that adsorption sites are saturated
beyond this concentration.
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Fig. 4. Effect of (a) PANFMZO dose (b) contact period (c)
pH (d) initial metal ion concentration
The obtained data for Cu(ll) ion adsorption
was validated using Langmuir®* and Freundlich
isotherms.

Langmuir isotherm was linear (Fig.
5a) with g and R, values 75.1879 mg/g and
0.8659, respectively. The value of R less than 1
indicated favourable adsorption of the Cu(ll) ions
on the adsorbent. Even the Freundlich isotherm
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(Fig. 5b) was found to be linear with n and K, values
being 1.0817 and 8.5704 mg/g. The n value was found
to be greater than one but less than 10 indicating
favourable adsorption of Cu(ll) ions on PANFMZO.
The R2 value for both Langmuir and Freundlich
adsorption isotherm were high. Higher value of
regression correlation coefficient of Freundlich model
(R?=0.9998) indicated that adsorbed Cu(ll) ions forms
multilayer onto the adsorbent surface.
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Fig. 5. (a) Langmuir and (b) Freundlich adsorption isotherm

To investigate the surface area and porosity
of PANFMZO, BET analysis was performed by
adsorption-desorption of N, (Fig. 6). The surface area
and the average pore diameter of PANFMZO was
found to be 12.06 m?/g and 43.98 A, respectively.
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Fig. 6. Nitrogen adsorption-desorption isotherm
of PANFMZO
The adsorption capacity of PANFMZO
(75.1879 mg/g) is comparable to the reported values
in literature as shown in Table 2.
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Table 2: Maximum adsorption capacity for Cu(ll) ions by different adsorbents

S. No Adsorbent used for removal of Cu(ll) ions Adsorption capacity q,, (mg/g) References
1 Polyaniline graft chitosan beads 100 [26]
2 Polyaniline/Clay nanomaterials 227 [27]
3 PANI calcium alginate 67.95 [28]
4 Chitosan Grafted with Polyaniline 131.58 [29]
5 Prussian blue/polyaniline @ cotton fibers composite 31.93 [30]
6 Phytic acid-doped polyaniline nanofibers 5.29 [31]
7 Polyaniline/Ferricyanide composite 41.625 [32]
8 Polyanilne 38.265 [33]
9 Polyaniline-wheat husk composite 95 [34]
10 Current Study 75.1879 -

CONCLUSION better than Langmuir isotherm.

PANFMZO nanocomposite synthesized
by the chemical oxidation method was used as
adsorbent for removing Cu(ll) ion in aqueous
matrices. With 0.05 g adsorbent dose, contact
period of 40 min, at pH 6, and 1mg/L of Cu(ll) ion
concentration, 69.2% of Cu(ll) ions were removed
and adsorption capacity, g of PANFMZO was found
to be 75.1879 mg/g. Adsorption isotherm shows that
the experimental data satisfy Freundlich isotherm
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