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Abstract
Due to the importance of removing heavy ions from water samples, in the present study, a

magnetic nanocomposite based on Fe;O, particles coated with polyaniline was developed and
evaluated as a strong adsorbent to remove lead (II) ions from water and effluent samples. In
order to characterize the nanocomposite, the transmission electron microscope was used to
determine the exact size of the nanoparticles and the BET technique was used to determine the
effective surface of adsorbent and also the CHNS and TGA analyses were used to confirm the
coating of Fe;O, magnetic nanoparticles with polyaniline and the survey of the thermal stability
of nanocomposite, respectively. The flame atomic absorption spectroscopy was used to
determine the values of lead ions in the solution. Characteristics affecting lead ion removal
including pH, adsorbent value and contact time at different temperatures were optimized.
Optimal values of pH and adsorption rate and contact time for 100 ml of solution with an initial
concentration of 50 ppm were obtained in the pH of 9, 3 mg adsorbent, and contact time of 60
minutes, respectively. Equilibrium data from adsorption studies showed that the Langmuir
isotherm showed better results than the Freundlich isotherm. Also, the maximum lead
adsorption capacity (II) on Polyaniline/Fe;O, nanocomposite was 114.9 mg of lead per gram of
adsorbent.

Keywords:  Removal of Lead, Polyaniline, Cetyltrimethylammonium  Bromide,
Nanocomposite, Industrial Wastewater.
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Fig. 1. Scheme of polyaniline connection with Fe;O4 nanoparticles

Fes04 1350 b ksl b Jlasl Soles - JSCs

+ Pbh* =>>

.............................

e
g
b Bb
%
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Table 1. Multi-elemental CHNS analysis of Fe;O4 particles coated by polyaniline

Reten. time Response Weight Weight Element Carbon response
(min) (2 (%) name ration
1.359 2175.98 0.010 3.31 Nitrogen 0.2206
2.284 9861.74 0.045 15.00 Carbon 1.000
8.029 4185.17 0.019 6.36 Hydrogen 0.4244
18.107 0.13 0.000 0.00 Sulfur 0.000

Sample weight: 0.300 (g) 0.074 24.67
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Table 2. Analysis data for determination of Fe;O4surface prior to and after being coated
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Surface area of Fe;0, before covering by polyaniline (m’/g)

Surface area of Fe;0, after covering by polyaniline (m*/g)
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volume: 100ml, contact time: 60min., amount of sorbent:
3mg, and initial concentration of lead (II): 50ppm
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Fig. 6. The effect of Fe;0,4 and polyaniline/Fe;O,
amount on lead removal. Aqueous sample volume: 100
ml, pH value: 9, and the lead initial concentration of
50 ppm
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Table 3. Coefficients of Freundlich and Langmuir adsorption isotherms
for adsorption of lead (II) on polyaniline / Fe;O4 nanocomposite

Langmuir

Freundlich

qn=114.9 mg/g, K;=6.71 /mg, R’=0.9956

n=2.17 (dimensionless), K~=22.3 1/mg, R"=0.9835
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Fig. 8. Linear graph of Langmuir (a) and Freundlich (b) model for lead (II) adsorption on nanocomposite
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Table 4. Pseudo-first and second-order kinetics equations of adsorption

Linear form
Log(qe-q)=logge- (Ki/2. 303) t

dq/dt= kx(qe-q,)> Pseudo-second-order

Nonlinear form
dq/dt = k(qe-q0)

Kinetic equation
Pseudo-first-order t/q=1/K,q.” +(1/q)t
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Fig. 9. Linear graph of (a) pseudo-first-order kinetics (b) pseudo-second-order kinetics equations
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Table 5. Coefficients of pseudo first and second order kinetic equations of adsorption

Pseudo-first-order

Pseudo-second-order

K, e R®
0.0397 13.23 0.9589

K, Qe R®
0.0074 18.86 0.9947
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Table 6. Removal of lead (II) ion from industrial aqueous samples

R Added value (standard) Initial concentration Final concentration
p (mg/L) removal % (mg/L) (mg/L)
_____ 0.02 0.002
Boalisina Sari 90(+2. 1)1
Hospital 40 0.337 0.009
97(£1.4)
_____ 0.015 0.001
Sari Industrial 93(x2.3)
City No. 1 40 0.322 0.015
95(x2.1)
—_— 0.03 0.01
) ) ) 66(£2.6)
Tajan River Sari
40 0.3 0.02
93(%1.1)
— 0.05 0.02
Nekg Povwer' Plant 60(+2.7)
Distribution
Company 40 0.303 0.058
80(%1.6)

'Relative standard deviation was obtained by measuring at three points
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Table 7. Comparison of adsorption capacity of different adsorbents for Pb (II) removal

Adsorbent Am(mg/e) Refs.
Palygorskite-iron oxide nanocomposite 26.7 (Rusmin et al., 2017)
Polythiophene-Coated Rice Husk Ash nanocomposite 34.48 (Arabahmadi and Ghorbani, 2017)
Amino-functionalized magnetic nanoadsorbent 40.10 (Tan et al., 2012)
Silica/Alginate 83.33 (Soltani et al., 2014)
Poly(acrylic acid)/bentonite nanocomposite 93.01 (Rafie1 et al., 2016)
Sulfonated magnetic nano particle 108.93 (Chen et al., 2017)
Polyaniline/Fe;O4 114.9 This study
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