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 In this research, the preparation of polyaniline (PAn)/ nanoclay nanocomposite as 
adsorbent was discussed and the capability of adsorbing nickel ions was studied. The 
polyaniline nanocomposite was prepared in presence of KIO3 as an oxidant, coated on 
nanoclay via casting method. The morphology and chemical structure of absorbent 
evaluated by with scanning electron microscopy (SEM) and Fourier-transform infrared 
spectroscopy (FTIR), respectively. TEM image indicate that nanocomposite of 
polyaniline with nanoclay synthesized successfully with the approximately 50 nm 
diameter. In this study we were used a novel adsorbent, of polyaniline / nanoclay 
nanocomposite, for removing Ni(II) from aqueous solution. The effect of pH, initial 
Ni(II) concentration and contact time on the efficiency of Ni(II) removal were 
investigated systematically by batch experiments. Optimum conditions for nickel ions 
removal were found to be pH 3, adsorbent dosage of 10 g/L and equilibrium time of 30 
minutes. The adsorption kinetics well fitted using a pseudo second-order kinetic model. 
The equilibrium adsorption isotherm was better described by Langmuir adsorption 
isotherm model. The adsorption capacity (qmax) of PAn/Clay for nickel ions in terms 
of monolayer adsorption was 24.27 mg/g. 
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INTRODUCTION 

 
High level of toxic heavy metals, present in environment produces significant adverse effect not only to the 

plants and the animals but also to the human being due to their toxicity and non-biodegradability. These toxic 
heavy metals are introduced in to the environment as waste materials from the industrial effluent and human 
activities [1, 2]. Many methods are used to remove heavy metal ions in wastewater include membrane filtration 
[3], coagulation and flocculation [4], ion-exchange [5], flotation [6], adsorption [7], treatment technologies, etc. 
However, these methods were not suitable because of high cost. In addition to being expensive, they are not 
efficient when the metal ion concentration is low. So it is needed to have cheaper alternatives that are also 
efficient in treating wastewater with low metal ion concentration [8]. Conductive electroactive polymers such as 
polyaniline can be used for the removal of heavy metals from water and waste waters [9-11]. 

Conductive polymers such as polyacetylene, polyaniline, polythiophene and polypyrrole have attracted so 
much research interest in wide range applications such as rechargeable batteries [12], electromagnetic 
interference (EMI) shielding [13], antistatic coatings [14], gas sensors [15], optical devices [16] and removal of 
heavy metals [17-19],  etc. The insolubility in common solvents and infusibility of conducting polymers, in 
general, make them poorly processable either by solution technique or by melt processing methods [20, 21]. 
Several attempts have been made to overcome these problems, essentially by fabrication of composites, which 
combine the conductivity of conducting polymers with the mechanical and optical properties of a matrix 
polymer such as poly(vinyl chloride) [22] or poly(vinyl alcohol) [23].   

Mobasherpour et al. [24] were investigated the removal of nickel (II) from aqueous solutions by using 
nano-crystalline calcium hydroxyapatite. In this study, the potential of the synthesized nano-hydroxyapatite to 
remove Ni2+ from aqueous solutions was investigated in batch reactor under different experimental conditions. 
The study also investigates the effects of process parameters such as initial concentration of Ni2+ ion, 
temperature, and adsorbent mass. Various thermodynamic parameters, such as ΔG°, ΔH° and ΔS° have been 
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calculated. The adsorption data follow the adsorption equilibrium was described well by the Langmuir isotherm 
model with maximum adsorption capacity of 46.17 mg/g of Ni2+ ions on nano-HAp. 

Choong et al. [25] were used immobilized sericite beads for removal of nickel ions from industrial 
wastewater. They show that the nickel ions can be removed from actual wastewater over 95% up to 90 
(1.0 mL/min) and 140 bed volumes (0.5 mL/min), respectively and 7 bed volumes of 20 mM of HNO3 solution 
was required to get 96% of nickel desorption in continuous process using packed-bed column. Also, 
breakthrough point of nickel ions could be still maintained as 130 up to the 2nd cycle by reused immobilized 
sericite beads. 

In this study, we were used a novel adsorbent, of polyaniline / nanoclay nanocomposite, with high quality 
for removing Ni(II) from aqueous solution. The effect of pH, initial Ni(II) concentration and contact time on the 
efficiency of Ni(II) removal were investigated systematically by batch experiments.  
 
Experimental: 
Instrumentation: 

Magnetic mixer MK20, digital scale FR200, PH meter, scanning electron microscope (SEM) model XL30, 
fourier transform infrared (FTIR) spectrometer model shimadzu 4100  and an atomic fluorescence 
spectrophotometer (2380, perkin-elmer Corp.). 

 
Reagents and standard solutions: 

All reagents were used as received without further purification, unless stated otherwise. Distilled deionized 
water was used throughout this work. Aniline monomer was purified by simple distillation. Materials used in 
this work were potassium iodate (KIO3), and sulphuric acid from Merck.  

 
Polyaniline preparation: 

For preparation of polyaniline (PAn), 1g KIO3 was added to 100 mL of sulphuric acid (1M) and then 
uniform solution was resulted by using magnetic mixer. Then, 1 mL fresh distilled aniline monomer was added 
to stirred aqueous solution. The reaction was carried out for 7 h at room temperature. Consequently, the resulted 
polymer was filtered on filter paper and to separate the oligomers and impurities, product was washed several 
times with deionized water and dried at temperature about 60 oC in oven for 24 h.. 

 
Preparation of Polyaniline/Nanoclay nanocomposite: 

For preparation of Polyaniline/ Nanoclay nanocomposite, 1g KIO3 was added to 100 mL of sulphuric acid 
(1M) and then uniform solution was resulted by using magnetic mixer. Then, 0.5 gr of Nanoclay was added to 
solution and 1 mL fresh distilled aniline monomer was added to stirred solution. The reaction was carried out for 
7 h at room temperature. Consequently, the product was filtered and to separate the impurities, product was 
washed several times with deionized water and dried at temperature about 60 oC in oven for 24 h. 

 
Batch adsorption experiment: 

Completely mixed batch reactor (CMBR) technique was used to remove chromium from water. A 100 mL 
of solution were added to the beaker containing of the desired adsorbent. At the end of predetermined time 
intervals, the sorbate was filtered and the concentration of chromium ion was determined. All experiments were 
carried out twice and the adsorbed chromium ions concentrations given were the means of duplicate 
experimental results. Experimental variables considered were initial concentration of Nickel ions 50 PPm; 
contact time between PAn/Clay and Nickel ions solution 5–50 min; pH 2–7; dosage of PAn/Clay 10 g/L.  

The adsorbed amount of Ni(II) per unit weight of Pan/Clay nanocomposite, , was calculated 

from the mass balance equation as: 

            (1) 
 
where  and   are the initial Ni(II) concentration and the Ni(II) concentrations at any time t, 

respectively; V (L) is the volume of the Ni(II) solution; and m(g) is the mass of the Pan/Clay nanocomposite. 
Samples of the Ni(II) solution were collected at predetermined time intervals and analyzed using an atomic 
Spectrophotometer. 
 

RESULTS AND DISCUSSION 
 

SEM and TEM Charactrization: 
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The morphology of Pan/Nanoclay nanocomposite was investigated by SEM image. As can be seen in Fig. 1 
(a), the coating with conducting polymer produced by surface polymerization is very visible and product has a 
homogenous surface with spherical polymeric nanoparticles. 

The size and shape of the nanoparticles were investigated using TEM images. TEM image in Figure 1b 
indicate that nanocomposite of polyaniline with nanoclay synthesized successfully with the approximately 50 
nm diameter. 

 

 
 
Fig.1: a) SEM and b) TEM image of nanoadsorbent 
 
FT-IR spectroscopy: 

The structure of obtained product was determined by FTIR spectrum. The FTIR spectroscopy has provided 
valuable information regarding the formation of polyaniline nanocomposites. FTIR analysis has been done to 
identify the characteristic peaks of product.   

FTIR spectra in the 4000-500 cm–1 region, for PAn and Pan/Clay are shown in Fig. 3. As can be seen, the 
peak at about 1562 cm-1 is assigned to the C=C stretching vibration of the quinoid ring, 1486 cm-1 is assigned to 
the stretching vibration of C=C of the benzenoid ring, 1311 cm-1 correspondence to C-N stretching vibration, 
1012 cm-1 C-H in-plane deformation and  797 cm-1 C-H out-of-plane deformation. The bands are shifted in the 
PAn/Clay nanocomposite and it indicates the interaction of nanoclay with different reaction sites of polyaniline. 

 

 
Fig. 2: FTIR spectra of a) polyaniline and b) polyaniline/nanoclay 
 
Effect of pH: 

The pH of the solutions has been identified as the most important variable governing metal adsorption. The 
pH value of the aqueous solution is an important controlling parameter in the adsorption process. These pH 
values affect the surface charge of adsorbent, the degree of ionization and speciation of adsorbate during 
adsorption. In order to evaluate the influence of this parameter on the adsorption, the experiments were carried 
out at different initial pH ranging from 2 to 7. The experiment was performed with an initial Nickel ions 
concentration of 100 mg/L, at room temperature with contact time of 60 min. The results are shown in Fig. 3. 
Removal of Nickel decreased with increasing solution pH and a maximum value was reached at an equilibrium 
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pH of around 3. The Nickel adsorption could be responsible for a complexation between Nickel ions and the 
nitrogen atoms of the -N=C- groups through sharing their four lone pairs of electrons. However, the only -N=C 
groups could act as adsorption or ion exchange sites of Nickel ions on nanocomposite chains. 

 

 
Fig. 3: The effect of pH on the removal efficiency 

 
Influence of initial concentration: 

The percentage removal of nickel was studied by varying the initial concentration between 50 and 400 
mg/L and Results are present in Fig. 4. As can be seen in Fig. 4, the nickel removal efficiency decreases by 
increasing of nickel concentration .This result was anticipated because for a fixed adsorbent and surface area.  

 

 
 
Fig. 4: The effect of initial concentration on the removal efficiency 
 
Effect of contact time: 

Fig. 5 shows the effect of contact time on sorption of chromium ion by PAn/ Clay. For these cases, initial 
nickel concentration was of 50 mg/L, pH of 3 was used for nickel. Also PAn/SD dose of 0.1 g in 10 mL were 
used. For nickel sorption rate reaches up to 93 when contact time is 30 min, and then little change of sorption 
rate is observed. This result revealed that adsorption of nickel is fast and the equilibrium was achieved by 30 
min of contact time. Taking into account these results, a contact time of 30 min was chosen for further 
experiments. 
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Fig. 5: The effect of contact time on the removal efficiency 

 
Equilibrium Studies: 

In order to optimize the design of a sorption system to nickel removal, it is important to establish the most 
appropriate correlation for the equilibrium curve. Two isotherm equations have been tested in the present study, 
namely; Langmuir and Freundlich. The goodness of fit between experimental data and the model-predicted 
values was expressed by the correlation coefficient (R2, values close or equal 1). 

 
Langmuir isotherm: 

The widely used Langmuir isotherm has found successful application in many real sorption processes, and 
can be expressed by: 

 

                                                                            (2) 

  
The linear form of the Langmuir equation is given by: 

 

                                                                           (3) 

Where Ce is the equilibrium concentration of metal (mg/L), qe (mg g-1) is the nickel adsorption capacity at 
equilibrium, qm the monolayer adsorbent capacity and b is the energy constant of adsorption. The plot of Ce/qe 
against Ce gives a straight line (Fig. 6) showing the applicability of Langmuir isotherm. The values of qm and Ks 
are obtained from slope and intercept of the plot and are presented in table 1.  

 

 
Fig. 6: Langmuir isotherm for the removal of nickel by synthetic nanoadsorbent 

 
The essential characteristics of the Langmuir isotherm can be expressed by a dimensionless constant called, 

the equilibrium parameter RL defined by: 

 

                                                                            (4) 
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Where C0 is the initial Ni(II) ion concentration (mg/L). As the RL values obtained lies between 0 and 1, the 
adsorption process is favorable. 

 
Freundlich isotherm: 

The well known Freundlich isotherm is often used for heterogeneous surface energy systems. This isotherm 
dose not predict any saturation of the adsorbent surface; thus, infinite surface coverage is predicted, indicating 
physisorption on the surface. The linear representation of the freundlich adsorption equation is: 

 

                                                                           (5) 

Where KF is the energy term and n is an exponent term related to the strength of the adsorption. The 
Freundlich plot is shown in Fig 7 and the KF and 1/n parameters with the corresponding determination 
coefficient, R2, are presented in Table 1. 

Table 1 shows that the adsorption behavior of Ni(II) ions onto the nanoadsorbent is best described by 
Langmuir isotherm model because this model yields a higher determination coefficient. 

 
Fig. 7: Freundlich isotherm for the removal of nickel by synthetic nanoadsorbent 

 
Table 1: Langmuir and Frendlich constants 

Langmuir isotherm  Freundlich isotherm  
R2 

0.992 R2  0.979  
qmax (mg/g)  24.27  n  2.65  
RL  0.2695 kF  3.54 

 
Kinetic studies: 

Kinetics and equilibrium are the two major parameters for evaluating adsorption dynamics. In order to 
investigate the controlling mechanism of the adsorption, pseudo-first-order and pseudo-second-order kinetics 
models were used to test the experimental data of the adsorption of Ni(II) ions by PAn/Clay nanocomposite. 

 
Pseudo-first-order model: 

The sorption kinetics may be described by a pseudo-first-order equation. The linear form of pseudo-first-
order rate equation is expressed as: 

                                                                           (6) 

Where qe and q are the amount of species adsorbed per unit mass of adsorbent (mg g-1) at equilibrium and at 
any time t, respectively, and K1 is the rate constant of pseudo-first-order adsorption (min-1).  
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Fig. 8: pseudo-first order kinetic for the removal of nickel by synthetic nanoadsorbent 

Fig. 8 shows a plot of linearized form of pseudo-first-order at all concentrations studied. The slope and 
intercepts of plot of Ln (qe – q) versus t were used to determine the pseudo-first-order rate constant K1 and 
equilibrium adsorption density qe. a comparison of the results with the correlation coefficients is shown in table 
2.  

 
Pseudo-second-order model: 

The adsorption kinetics may also be described by a pesudo-second-order equation. The linear form is the 
following: 

 

                                                                          (7) 

where t is time (min), qe and qt are the amount of species adsorbed per unit mass of adsorbent (mg g-1) at 
equilibrium and at any time t, respectively, and K2 is the rate constant of pseudo-second-order adsorption (g mg-
1 min-1).  

 
Fig. 9: pseudo-second order kinetic for the removal of nickel by synthetic nanoadsorbent 

 
The straight line in plot of t/qt versus t (Fig 9) shows the good agreement of experimental data with the 

pseudo-second-order kinetic model for different initial concentrations. As shown in table 2, the adsorption of 
Ni(II) onto Pan/Clay nanoadsorbent is more appropriately described by a pseudo-second-order kinetic model 
since its correlation coefficient (0.99) is greater than other. 
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Table 2: Kinetic models constants 
Kinetic model parameter 
Pseudo-first-order K 0.081 

R2 0.9739 
Pseudo-second-order K 0.0184 

R2 0.9946 

 
Conclusion: 

Batch adsorption studies for the removal of Nickel from aqueous solutions were carried out using PAn/ 
Clay adsorbent. The obtained results indicate that synthesis nanoadsorbent is a suitable and effective adsorbent 
for the removal of Ni(II) from aqueous solutions. The optimum solution pH for adsorption of Ni(II) from 
aqueous solutions was found to be 3. Adsorption equilibrium was attained within 30 min time for clarified 
PAn/Clay. The rate kinetics for adsorption of Ni(II) was best described by the pseudo-second-order model. The 
equilibrium adsorption data for Ni(II) were better fitted to the Langmuir adsorption isotherm model and the 
maximum adsorption capacity (qmax) was obtained for PAn/Clay (24.27 mg g-1). 
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