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Abstract 

Polyaniline/maghemite magnetic nanocomposite (PANI/γ -Fe2O3 MNC) was used as active agents for removal of lead ions 

from aqueous media. Chemical co-precipitation method was used to prepare the maghemite nanoparticles. Subsequently, 

the MNC was synthesized through polymerization of aniline. It was characterized by FT-IR.The efficiency of this MNC 

was estimated for Pb (II) removal by using batch method. The results showed that optimum conditions for lead removal 

were found to be at pH of 6, adsorbent dosage of 0.04 g and equilibrium contact time of 90 min. The kinetic of adsorption 

system have been studied based on the assumption of a pseudo-second order rate law. The adsorption isotherms were 

examined. The Freundlich adsorption isotherm model was found to represent the equilibrium adsorption isotherm better 

than Langmuir isotherm. The thermodynamic studies indicated that the adsorption was spontaneous and endothermic 

process for lead.  
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1. INTRODUCTION 

The discharge of heavy metal pollutants into the 

environment from sewage, industrial and mining 

waste effluents is a serious problem due to its 

impact on human health and natural environment. 

These numerous metal ions such as Zn2+, Cr3+, 

Cd2+, Pb2+, Mn2+, and Hg+ are non-biodegradable, 

highly toxic and probably have a carcinogenic 

effect [1,2]. Since they come into the food chain, 

due to their high solubility in the aqueous phases, 

high concentration of heavy metals may 

accumulate in the human organs. Lead 

contamination is known as one of the most 

pervasive and elusive environmental health 

threats, as considered by the fact that exposure 

lead(II) has been associated with death and disease 

in humans, birds, and animals. The lead (II) ions 

concentration is approximately in the range of 

200–500 mg dm-3in industrial wastewaters, 

according to water quality standards; this value is 

very high and must be reduced to a value of 0.10–

0.05 mg dm-3[3].  
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 چکیده
استفاده شد.  یآب یهاطیحذف سرب از مح یواکنشگر فعال برا کیعنوان ه ( ب Fe2O3 MNC-PANI/γ) تی/ماگمنیلیآن یپل یسیمغناط تینانوکامپوز

. سطح آن دیگرد هیهت نیلیآن ونیزاسیمریپل قیاز طر یسیمغناط تیدنبال آن نانوکامپوزه بکار رفت و ب تینانوذرات ماگم هیته یبرا ییایمیش یروش همرسوب
حذف سرب  یبرا نهیبه طینشان داد که شرا جیشد. نتا یبررس وستهیحذف سرب به روش ناپ یبرا تینانوکامپوز نی. راندمان ادیمشخص گرد -FT IRتوسط 

 یهازوترمی. اشتجذب مطالعه شد و با معادله سرعت مرتبه دوم مطابقت دا کینتیدهد. س یرخ م قهیدق 34گرم و زمان تماس  40/4، مقدار جاذب pH= 6در 
 ندیبودن فرا ریگرماگ و یداللت برخودبخود یکینامیداشت. مطالعات ترمود رینسبت به النگمو یشتریتطابق ب چیفروندل یجذب زوترمی. مدل ادندیگرد یجذب بررس

 جذب سرب داشت.
 

 هاي کلیديواژه

 .حذف ؛تینانوکامپوز ؛سرب ؛یهاد مریپول ؛یجذب سطح
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Chemical precipitation, membrane filtration, 

electrochemicalmethod, flotation, coagulation–

flocculation, membrane process, ion exchange, and 

adsorption are   some of the conventional methods 

that have been used for removal of heavy metals 

from water and wastewater [4,5]. In spite the fact 

that many remediation technologies exist, most of 

them can be ineffective at low metal 

concentrations (1–20 mg/L). Also, sometimes 

these removal procedures involve a high cost for 

their implementation [6]. In the last few years, 

several methods have been applied in this area. The 

literatures suggested the use of various synthetic 

and natural adsorbents for removal of heavy metals 

from waste water [7-11], but, most of them are not 

selective, have long contact time, and some of 

them low capacity for adsorption. The MNPs most 

used to this end are magnetite (Fe3O4) and 

maghemite (c-Fe2O3), due to their high saturation 

magnetization, low toxicity and biological 

compatibility [12,13]. However, the use of pure 

iron oxide particles has as a drawback the tendency 

of these MNPs to form agglomerates, and so it is 

usually necessary to modify the surface of the 

particles to prevent the self-aggregation [14]. 

Furthermore, in this process one can attach to the 

MNP functional groups that can selectively 

interact with the target element [15,16].  Some of 

the materials that have been reported to modify the 

surface of the MNPs are mesoporous silica [17], 

polyethylenimine (PEI) [18], amino-modified 

silica [19], streptavidin [20], thiol functionalized 

PAMAM dendron [21] and carboxyl groups [22]. 

Other materials that have attracted attention are 

conducting polymers such as polypyrrole and 

polyaniline (Pani), due to their low cost of 

synthesis, biocompatibility, special electrical and 

optical properties, and excellent environmental 

stability [23]. 

In this work, we have synthesized the maghemite 

MNPs by co-precipitation method, and later we 

used them to prepare the PANI/γ-Fe2O3 MNC after 

the polymerization of aniline. Nanocomposite was 

prepared by in situ oxidative polymerization. The 

adsorption performance of the PANI/γ-Fe2O3MNC 

for the removal of Pb(II) from aqueous solution 

was evaluated. The kinetic, thermodynamic and 

isotherm of the Pb(II) adsorption onto the 

nanocomposite have also been investigated. 

 

2. EXPERIMENTAL 

2.1. Apparatus and Reagents 

An atomic absorption spectrometer model Sens 

AA (Dandenong, Victoria, Australia) equipped 

with deuterium lamp background corrector was 

used for determination of Pb in air-acetylene 

flame. A mechanical shaker KS 130 basic 

(Deutschland, Germany) having speed control and 

timer was used for preparation of the sorbent. A 

691 Metrohm pH meter (Herisau, Switzerland) 

was employed for pH measurements.  

Iron(II) chloride tetrahydrate (FeCl2.4H2O), 

ammonium persulfate (APS), sodium dodecyl  

sulfate (SDS), Iron(III) chloride hexahydrate 

(FeCl3.6H2O), aniline, ammonium hydroxide 

(NH4OH) and hydrochloric acid (HCl) were 

obtained from Merck (Darmstadt, Germany). All 

the reagents were used without further purification, 

except aniline which was distilled prior to use. The 

stock solution of lead (II) ions used in this work 

was prepared by dissolving an accurate quantity of 

Pb(NO3)2 99.99% (Merck, Darmstadt, Germany).  

 

2.2. Synthesis of γ-Fe2O3 MNPs 

The γ-Fe2O3 MNPs were obtained by a chemical 

co-precipitation method [24]. Firstly, 25 mL of 

(FeCl3. 6H2O), (2M) was mixed with 25 mL of 

(FeCl2.4H2O), (1M) solution in a 250 ml round –

bottom flask and stirred for 10 min .Then , 125 mL 

of an aqueous solution of (NH4OH) (50% vol) was 

added and the solution was again stirred for 2 h. 

After this, the MNPs that had been formed were 

decanted with a magnet and washed four 

successive times with deionized water. The MNPs 

were finally dried at 60 °C in an oven for 48 h. The 

FT-IR spectrum of Fe2O3 MNPs is given in Fig. 1.  

 

2.3. Preparation of PANI/γ -Fe2O3 MNC  

The PANI/γ-Fe2O3 MNC was obtained by in situ 

chemical polymerization. Initially, 0.3 g of MNPs 

was mixed in 100 mL of hydrochloric acid 0.1 M 

in a round bottom flask, and was stirred for 60 min. 

Then, 5 mL of freshly distilled aniline was slowly 

added and sonicated for 15 min to obtain a 

homogenous dispersion. Afterwards, 50 mL of the 

solution of APS (0.5 M) was added drop-wise to 

initiate the polymerization process. The reaction 

was allowed to continue for 4 h at room 

temperature, under continuous stirring. After a 

dark colloidal suspension was obtained, greenish 

black precipitate was washed thoroughly with 

double distilled water and ethanol to remove the 

traces of reactants and polyaniline oligomers until 

the filtrate become transparent. The prepared 

nanocomposite was dried at 80 °C and stored in 

desiccator for further experiments.  

 

2.4. Characterization method 

The γ-Fe2O3 MNPs and PANI/γ-Fe2O3 MNCs 

were characterized by FT-IR spectroscopy. 

Comparison of the FT-IR spectrum of γ-Fe2O3 

MNPs with PANI/γ-Fe2O3 MNC (Fig. 2), showed 

many new peaks in the spectrum. With respect to 

Fig. 2, the peaks at 1582 and 1507 cm-1 are 

corresponding to quinone and benzene slightly 

shifted ring-stretching deformations of PAn are 
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also detected in the nanocomposite. The band at 

1301 cm-1 belongs to the C-N stretching of a 

secondary aromatic amine strengthened by 

protonation of PAn. All bands in nanocomposites 

are slightly shifted, which indicates that there is 

some interaction between PANI and the γ-Fe2O3 

MNPs. 

 

 
Fig. 1. FT-IR spectrum of Fe2O3 MNPs. 

 

 
Fig. 2. FT-IR spectrum of PANI/γ -Fe2O3 MNC. 

 

2.4. Adsorption procedure 

All adsorption experiments were performed by a 

batch operation. In order to remove lead from 

aqueous phase, 10 mL of solution 30 ppm with pH 

6 was added to the conical flasks containing 

desired adsorbent at room temperature. Then, the 

flasks were placed on a shaker for a given period 

of time at 250 rpm. The adsorbent was separated 

by use of a magnet and the supernatant was 

collected. The final metal concentration was 

determined by using FAAS.  

The percent of removed lead ions (R%), and the 

amount of lead adsorbed (qe) by the adsorbent was 

calculated by the following equations: 

R%=(C0-Ce)/C0                            (1) 

qe=V(C0-Ce)/M                   (2) 

where qe is the amount adsorbed per gram of the 

adsorbent, C0 is initial concentration and Ce is the 

equilibrium concentration of the lead ions (mg/L) 

that is obtained from calibration curve of lead, V is 

volume of solution (L) and M is the mass of  the 

adsorbent (g). 

 

3. RESULTS AND DISCUSSION 

3.1. Effect of solution pH  

The pH of the solution is one of the main 

parameters that can have an impact on the 

adsorption process. A study was carried out of how 

the pH of the solution would affect the capacity on 

the MNCs surface to adsorb Pb (II). As can be seen 

from Fig. 3, removal rate increased with increasing 

the value of pH. The low adsorption capacity that 

MNC exhibits at low pH values may be due to the 

fact that under those conditions the PANI chains 

are highly protonated, resulting in a cationic 

repulsion of the Pb (II) ions. As the pH increases, 

it can be observed that the adsorption capacity also 

increases, reaching a maximum value of 69% at a 

pH=6. Then, all subsequent ion removal 

experiments were performed at pH 6.0.   

 

 
Fig. 3. Effect of pH on the adsorption of lead.  

 

3.2. Effect of interaction time 

A second important parameter determining 

whether or not the use of a given adsorbent is 

feasible for a particular task is the time it requires 

to reach the maximum capacity for capturing of 

analyte. It can be observed that the adsorption 

capacity increases with the increase in the 

interaction time. In fact, it took only 10 min for the 

PANI/γ-Fe2O3 MNCs to capture 55.8% of the Pb 

(II) present in the solution (Fig. 4). The adsorption 

equilibrium, which corresponds to a level of 

removal 86.3%, reached in 90 min. This time was 

selected for further studies. 

    

 
Fig. 4. Effect of the contact time on the adsorption of 

lead.  

 

3.3. Effect of adsorbent dosage 

The removal percentage of lead was studied by 

varying the adsorbent (PANI/γ-Fe2O3 MNC) dose 

between 10 and 60 mg at lead ions concentration 

of 30 ppm. The results showed, the removal 
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efficiency increases by increasing the dose of 

adsorbent. This is due to the fact that greater 

surface area and more adsorption sites create by 

increasing adsorbent doses. The Pb2+ removal 

efficiency reaches to plateau level at high amount 

of adsorbent dosage. 40 mg was selected for more 

experiments. 

 

3.4. Effect of initial concentration and adsorption 

isotherms 

Naturally, the capacity of adsorption of lead by the 

(PANI/γ-Fe2O3 MNC) is dependent on the initial 

metal concentration in the solution. The effect of 

initial concentration on the adsorption of lead (II) 

ions by proposed sorbent was investigated with 

varying solution concentrations (10, 20, 30, 40, 50, 

60 and 70 mg/L). With increasing concentration of 

the solution, qe increased, while R% decreased. At 

low initial solution concentration, the surface area 

and the availability of adsorption sites were 

relatively high, and the metals ions were easily 

adsorbed and removed. At high initial solution 

concentration, the total available sites are limited, 

thus resulting in a decrease in percentage removal 

of the ions. The increased qe at high initial 

concentration can be attributed to enhanced 

driving force. 

Langmuir and Freundlich isotherms have been 

used to describe observed adsorption phenomena 

on the adsorbent. The sorption data have been 

analyzed according to the linear form of the 

Langmuir isotherm, as represented in Eq. (3) 

Ce/qe=(1/Qmb)+(1/Qm)Ce                                                  (3) 

b is Langmuir constant which is a measure of 

energy of adsorption and Qm is adsorption capacity 

expressed in mg/g.  

The Freundlich equation predicts that the 

concentration of metal ions on the adsorbent will 

increase as long as there is an increase in the metal 

ion concentration in liquid, as represented in Eq. 

(4) 

qe=KfCe
1/n               (4) 

where 1/n and Kf are the constants related to 

adsorption capacity, and qe is the weight adsorbed 

per unit weight of adsorbent. Taking logs gives Eq. 

(5). 

logqe=logKf+1/nlogCe              (5) 

To compare the obtained results with other 

adsorbents, the Freundlich and Langmuir constants 

should be determined from Langmuir and 

Freundlich isotherms. As can be seen from the 

Figs. 5 and 6, Freundlich model best fit the 

equilibrium isotherm data for the lead. The values 

of constants obtained from intercepted and slope of 

plots and values of calculated according to Eqs. (3) 

and (5) are given in Table 1.  

 

 
Fig. 5. Langmuir isotherms for adsorption of Pb.  

 

 
Fig. 6. Freundlich isotherms for adsorption of Pb.  

 

3.5. Adsorption kinetics 

To better description behavior of the sorbent and 

possible controlling mechanism, the kinetics 

experimental data were examined with pseudo-

first-order and Pseudo-second order model. 

The integral form of Lagergren equation is: 

log(qe−qt)=logqe–(k1/2.303)t                         (6) 

The pseudo-second-order equation is: 

(t/qt)=(1/k2.qe
2)+t/qe               (7) 

where qt is the amount of solute adsorbed at ‘t’ time 

(mg/g), qe is the amount of lead adsorbed at 

equilibrium (mg/g), t is the contact time (min) and 

k1 is the adsorption equilibrium rate constant of 

pseudo-first-order reaction (min-1) and k2 is the rate 

constant of pseudo-second-order adsorption (g mg-

1 min-1). The slope and intercept of plot of log (qe-

qt) against time were used to determine the first-

order rate constant k1. The calculated values of R2, 

qe,cal and qe,exp were presented in Table 2.  

 

 

Table 1. Langmuir and Freundlich isotherm constants for lead. 

Element Langmuir isotherm  Freundlich isotherm 

 Q(mg.g-1) b( L. mg -1) R2  Kf 1/ n R2 

Pb 14.41 0.022 0.80  2.8 1.34 0.97 

 

 



 

 

F. Sabermahani et. al  / Iranian Journal of Analytical Chemistry 5 (2018) 33-38 | 37 

Table 2. Adsorption kinetic constants for lead. 

Concentration 

)1-(mg g 

First order kinetic model 

(mg/L) 

 Second order kinetic model 

 e,expq 

)1-(mg g 

1k 

(1/min) 

e, calq 

)1-(mg g 

2
R  2k 

(1/min) 

e, calq 2
R 

30 5.36 0.010 1.912 0.447  0.0108 5.70 0.984 

 

It was observed that correlation coefficient (R2) 

was low and experimental data are not fitted well 

for pseudo-first-order reaction. Hence, the 

adsorption mechanism cannot be well described by 

pseudo-first-order kinetics. The pseudo-second 

order rate constant k2 was calculated from the slope 

and intercept of the plot t/qt against time (Fig. 7). 

The qe,cal was very close to qe,exp value and 

correlation coefficient was high (Table 2). In the 

view of these results, it can be concluded that the 

pseudo-second order model provides a good 

correlation for adsorption of lead on to the sorbent. 

 

 
Fig. 7. Pseudo-second order kinetic plot for adsorption 

of lead. 

 

3.6. Adsorption thermodynamics 

Study of the temperature dependence of adsorption 

gave valuable knowledge about the enthalpy and 

entropy changes during adsorption. The removal of 

lead (II) ions onto the new sorbent was examined 

at 300, 303, 308, and 313 K. Adsorption ability 

increased with increasing temperature, illustrating 

that adsorption of lead onto the sorbent is 

endothermic process. The apparent equilibrium 

constant (Kc) of the sorption is defined as:     

Kc=(C0–Ce)/Ce                                            (8) 

where Ce is the equilibrium concentration. The Kc 

value is used in the following equation to 

determine the Gibbs free energy (ΔG0) of sorption. 

ΔG0=-RTlnKc                               (9) 

∆G = ΔS0  T -ΔH0 0                     (10) 

R the universal gas constant (8.314 J mol-1 K-1) and 

T is the absolute temperature (K).   

The enthalpy (ΔH0) and entropy (ΔS0) can be 

obtained from the slope and intercept of van ̓ t Hoff 

equation of ΔG0 versus T (Table 3). 

The negative values of ∆G0 confirm the 

spontaneous nature of sorption with high 

performance of metal ions on the sorbent.  

 

Table 3. Thermodynamic Parameters for adsorption of 

lead. 

T
em

p
er

at
u

re
 

(K
)

 

0
∆

G
 

)
1-

(J
 m

o
l

 

0
Δ

S
 

)
1-

K
1
 

-
(J

 m
o

l
 

0
Δ

H
 

)
1-

(k
J 

m
o

l
 

300 -282.368 405.79 120.92 

303 -2231.52   

308 -5079.26   

313 -5428.20   

 

4. CONCLUSION 

In this study, Polyaniline/maghemite magnetic 

nanocomposite (PANI/γ -Fe2O3 MNC) was 

successfully prepared and applied as adsorbent for 

the removal of Pb from aqueous solutions. It was 

observed that the equilibrium was achieved within 

90 min. The experimental data showed good fit to 

the Freundlich isotherm. The coefficient of 

variation (R2) showed experimental data was better 

described by pseudo second-order model. The 

endothermic and spontaneous nature of the 

adsorption was confirmed by thermodynamic 

studies. 
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