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 In this work, magnetically separable ZnO-ZnFe2O4-PPy nanocomposite as an efficient adsorbent was synthesized by two steps. At first, 
zinc oxide (ZnO) and ZnFe2O4 nanoparticles were synthesized using simple and facile precipitation method. Then, ZnO-ZnFe2O4 mixed 
oxide was modified by polypyrrole (PPy). The adsorbent was characterized by X-ray diffraction (XRD), Fourier transform infrared (FT-
IR), UV-Vis and scanning electron microscopy (SEM). The synthesized nanocomposite were used as adsorbent to remove Congo red dye 
from aqueous solution and were compared with pure ZnO and ZnO-PPy adsorbents. The ZnO-ZnFe2O4-PPy nanocomposite adsorbent 
showed a superior Congo red removal efficiency than ZnO and ZnO-PPy adsorbents. This efficiency is attributed to the charge of surface 
obtained in nanocomposite adsorbent. Furthermore, the adsorption kinetics of Congo red onto the nanocomposite followed by the pseudo-
second-order kinetic model. 
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INTRODUCTION 
 
 Recently, the applications of dyes in versatile industrial 
processes such as textile, plastic, leather, cosmetics, food, 
etc. are increasing. Since these dye wastes are hazardous, 
toxic, non-biodegradable and carcinogenic, special attention 
is given to remove these contaminations from the 
environment [1]. Many techniques like filtration, 
coagulation, chemical oxidation, ion exchange, precipitation 
and adsorption are used for wastewater treatment [2,3]. 
Nowadays, unique features of “adsorption techniques”, such 
as high efficiency, simplicity and reusability, have made 
them valuable techniques to remove the dyes from industrial 
effluents [4,5]. Recently, significant research studies have 
been conducted on nano-sized adsorbents. The use of 
nanoparticles as adsorbent to adsorb pollutants is 
particularly important. This is due to the very small size 
(high surface to area to volume ratio) and special 
morphology of  nanoparticles  to  adsorb  organic  pollutants 
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quickly. Nano-zinc oxide (ZnO) as one of the materials with 
incredible features such as thermal stability, irradiation 
resistance, biocompatibility, low cost and flexibility can 
form different nanostructures [6-9], which has been used in 
adsorption of dye less than other conventional material. 
Thus, there is a great interest to use the nano-ZnO with its 
unique properties in wastewater treatment for dye 
adsorption. To reduce the surface area and surface energy, 
nanoscale materials aggregate easily, so many studies have 
been devoted to stop this phenomenon [10,11]; such as 
coating the surface of nanoparticles by the polymers [12]. 
On the other hand, the separation of nanoparticles from 
solution presents difficulties to a certain extent. Applying 
the magnetic field would be a highly-efficient separation 
technique due to the main advantages such as effective 
control, high speed and simplicity compared to the 
conventional separation methods [13,14]. In recent years, 
due to unique properties of spinel ZnFe2O4, many efforts 
have been devoted to investigate the ZnFe2O4-based 
composites as magnetically separable compounds [15-17]. 
In this work, Congo red is employed as a  model  compound  
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for common water soluble azo dyes (Scheme 1) widely used 
in textile industry. This research is aimed at the synthesis of 
the ZnO-ZnFe2O4-PPy nanocomposite as adsorbent via 
precipitation method due to its simplicity, low cost and 
homogeneous dispersion of raw material. The composition 
and morphology of the synthesized samples are also 
investigated by FT-IR, XRD, UV-Vis and SEM techniques. 
Finally, Congo red adsorption capacity of the synthesized 
samples (ZnO, ZnO-PPy and ZnO-ZnFe2O4-PPy) are 
compared with each other. To the best of our knowledge, 
this work is a novel research for adsorption of Congo red 
dye on the surface of ZnO-ZnFe2O4-PPY sample as a 
magnetically separable adsorbent.  
 
EXPERIMENTAL 
 
 All the analytical chemicals (Fe(NO3)3.9H2O, 
Zn(NO3)2.6H2O, Zn(CH3COO)2.2H2O, Triton X-100, Cetyl 
trimethyl ammonium bromide, sodium lauryl sulfate, 
pyrrole, ammonium persulfate, sodium hydroxide and 
Congo red dye were purchased from Merck and used 
without further purification.  
 The structural analysis of the samples was performed by 
powder X-ray Diffraction (Holland Philips Xpert, X-ray 
diffractometer with Cu-Kα radiation) and FT-IR analysis 
using a Fourier transmission infrared spectrometer (JASCO 
FTIR-4200, Japan) in KBr pellet, in the range of 4000-400 
cm-1. The morphology of the samples was characterized by 
scanning electron microscopy, SEM (VEGA3, TESCAN). 
The UV-Vis absorption spectra were recorded using a 
Shimadzu UV-2550 spectrophotometer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Synthesis of the ZnFe2O4 Sample  
 The procedure used for the synthesis of ZnFe2O4 has 
been previously reported [18]. In this method, 
Fe(NO3)3.9H2O (6 × 10-3 mol), Zn(NO3)2.6H2O (3 × 10-3 
mol), NaOH (0.040 mol), cetyl trimethyl ammonium 
bromide  (5.48 × 10-4 mol) and 15 ml distilled water were 
used. The above chemicals were mixed vigorously via a 
magnetic stirrer for 120 min at room temperature, then the 
obtained solid product was washed several times with 
deionized water, and dried at room temperature and 
annealed at 500 ºC for 1 h.  
 
Synthesis of the ZnO Sample  
 The ZnO sample was prepared via precipitation method. 
In this method, 5.27 g (0.024 mol) of Zn(CH3COO)2.2H2O), 
2.8 g (0.07 mol) of NaOH, 15 ml distilled water and 0.012 
mol of Triton X-100 were used. Then, the obtained mixture 
was stirred vigorously on magnetic stirrer for 120 min at 
room temperature. Finally, the obtained solid washed 
several times with deionized water, dried at room 
temperature and annealed at 500 ºC for 1 h. 
 
Synthesis of the ZnO-ZnFe2O4-PPy Composite 
 The procedure used for the synthesis of the ZnFe2O4-
ZnO has been reported, previously [19]. In this procedure, 
0.15 g (2 × 10-4 mol) ZnFe2O4 and 0.05 g (6 × 10-4 mol) 
ZnO were mixed with a 40 ml aqueous solution containing 
of 1.4 × 10-5 mol sodium lauryl sulfate sonicated for 30 min 
and stirrered mechanically for 3 h. After adding of 25.8 ml 
pyrrole monomer, the solution was continuously stirred for 
another   1 h.  Then,  11.2   ml   of   the   0.1   M ammonium  

 

 

 

 

 

 

Scheme 1. Molecular structure of Congo red 
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persulfate solution was added drop wise into the above 
solution. The polymerization process was conducted while 
stirring for 4 h at room temperature. The product was 
magnetically separated, washed with deionized water, 
ethanol and dried in oven at 80 ºC.  
 
Adsorption Experiments  
 The adsorption behavior of the ZnO-ZnFe2O4-PPy 
sample was evaluated by decolorization of Congo red dye 
solution. The adsorption experiments were performed under  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
the same conditions (50 mg l-1 initial concentration of 
Congo red dye solution, 0.5 g l-1 adsorbent dosage and t = 
25 °C). The samples were taken during regular intervals and 
the adsorbent was removed by applying an external 
magnetic field. Then, the degree of adsorption (X), as a 
function of time is given by X = (C◦-C)/C◦ where C◦ and C 
are the initial concentration and the concentration of dye at 
time t. The disappearance of peak at λ = 498 nm was chosen 
for monitoring of Congo red adsorption. The same 
experiments  were also  performed  for  ZnO  and  ZnO-PPy  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. The XRD patterns of (a) ZnO, (b) ZnO-ZnFe2O4-PPy and (c) ZnFe2O4. 
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samples to compare the results.  
 
RESULTS AND DISCUSSION 
 
Characterization 
 Figures 1a-c shows the XRD patterns of ZnO, ZnO-
ZnFe2O4-PPy and ZnFe2O4, respectively. The results 
confirm the presence of cubic phase ZnFe2O4 (JCPDS No. 
82-1049), and well matching of the distinctive peaks at 
29.92°, 35.27°, 42.85°, 53.11°, 56.63° and 62.21° with the 
(220),  (311), (400), (422), (511) and (440) crystal planes of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ZnFe2O4. Other crystal phases corresponding to the peaks at 
31.8°, 34.4°, 36.3°, 47.5°, 68.0° and 69.1° indicate the 
presence of ZnO (JCPDS No. 36-1451). It is worthy of 
notice that the characteristic diffraction peak of ZnO in the 
ZnO-ZnFe2O4-PPy composite was weak, which could be 
attributed to the low amount of ZnO used in the synthesis of 
ZnO-ZnFe2O4-PPy. In case of the ZnO-ZnFe2O4-PPy 
composite, the peaks corresponding to the polypyrrole 
cannot be detected indicatig that the polypyrrole is 
amorphous. The chemical structure of the ZnO-ZnFe2O4-
PPy  composite  was  confirmed  by FT-IR analysis. Figures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. The FT-IR spectra of  (a) ZnO, (b) ZnFe2O4, (c) PPy and (d) ZnO-ZnFe2O4-PPy. 
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2a-d shows the FT-IR spectra of ZnO, ZnFe2O4, ZnO-
ZnFe2O4-PPy and PPy in the region of 400-4000 cm-1. In 
Fig. 2a, the band at 436 cm-1 was ascribed to the Zn-O 
stretching vibrations [20]. In Fig. 2b, for ZnFe2O4, two 
characteristic peaks observed at around 410 and 549 cm-1 
correspond to intrinsic stretching vibrations of the metal at 
the octahedral and tetrahedral sites, respectively [21,22]. In 
Fig. 2c, the stretching vibration at 3115 cm-1 can be 
attributed to the N-H stretching vibrations of the 
polypyrrole. For pure PPy, all the characteristic peaks are 
observed at 794 cm-1 (=C-H wagging) [23], 926 cm-1 (C-C 
out of phase), 1048 cm-1 (=C-H in plane vibration), 1292 
cm-1 (C-C bond), 1478 cm-1 (vibration of the pyrrole ring), 
1558 cm-1 (C=C bond) and 1705 cm-1 (C=N bond). The 
peaks observed in FT-IR of PPy coincide well with the ones 
available in literature [24], indicating the presence of 
polypyrrole. In ZnO-ZnFe2O4-PPy nanocomposite, peak at 
3409 cm-1 is indicative of -OH stretching vibrations of the 
adsorbed water molecules [25]. The FT-IR spectrum of 
ZnO-ZnFe2O4-PPy composite (Fig. 2d) shows some shift as 
well as changes in the intensity of peaks compared to PPy 
and the results show that polypyrrole has been successfully 
used in the composite. As a result of delocalized electrons 
on the polypyrrole ring, the oxidation of poylpyrrole can be 
avoided [26,24]. The band at 441 cm-1 confirmed the 
presence of ZnO in the ZnO-ZnFe2O4-PPy composite [27]. 
The results have shown that the polymerization is carried 
out successfully. Figure 3 shows the UV-Vis diffuse 
relectance spectra of the ZnO, ZnO-PPy and ZnO-ZnFe2O4-
PPy samples. The ZnO nanoparticles has a strong 
absorption in the ultraviolet region and in the wavelength 
between 250 and 400 nm (max= 359 nm), similar to that 
reported by Wang et al. [28]. The ZnO-PPy sample show 
absorption at wavelengths of 282 and 351 nm (Fig. 3b). The 
peak at about 282 nm is related to the presence of the PPy. 
The absorption bands in the sample containing ZnFe2O4 is 
in the range of 460-670 nm which can use as photocatalyst 
in the visible region [29] (Fig. 3c). The morphology of ZnO, 
ZnO-PPy and ZnO-ZnFe2O4-PPy can be relized in the SEM 
images (Figs. 4a-4c). The particle size of ZnO is 
approximately 30-100 nm according to SEM (Fig. 4a). 
However, SEM image of the ZnO-PPy sample is different 
from ZnO sample [18]. Based on the results of XRD, FT-IR, 
SEM    and    UV-Vis    confirmed    the    synthesis   of   the 

 
 
 

 
 

Fig. 3. UV-Vis absorption spectra of (a) ZnO (b), ZnO- 
                PPy, (c) ZnO-ZnFe2O4-PPy. 

 
 
ZnO-ZnFe2O4-PPy composite.  
 
The Adsorption Behavior of Congo Red on ZnO-
ZnFe2O4-PPy  
 In order to investigate the behavior of the ZnO-ZnFe2O4-
PPy composite, dark adsorption experiments were carried 
out. The amount of adsorbed dye per gram of adsorbent (mg 
g-1) at time t (min) was calculated using the following 
equation [30]:  
 
 

m
VCC

q t
t

)( 0                                                                 (1) 

 
where qt (mg g-1) is the amount of adsorbed Congo red per 
gram of adsorbent at time t (min), C0 is the initial 
concentration of Congo red solution (mg l-1), Ct is the 
concentration of Congo red solution (mg l-1) at time t (min), 
V is the volume of the solution (l) and m is the mass of the 
adsorbent   (g).    Figure 5   shows   Congo  red    adsorption  
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percentage on the surface of synthesized samples versus 
time. The results showed that 25, 40 and 78 percent of 
Congo red dye is absorbed on the surface of the ZnO, ZnO-
PPy and ZnO-ZnFe2O4-PPy, respectively. Figure 6 shows 
the adsorption capacity of the synthesized samples versus 
time.  As shown in Fig. 6, adsorption capacity of the 
synthesized samples are changed accordingly: 
ZnO-ZnFe2O4-PPy (74 mg g-1) > ZnO-PPy (38 mg g-1) > 
ZnO (24 mg g-1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effect of pH 
 The initial pH of dye solution plays an important role in 
adsorption process [31]. The effect of pH is studied between 
4 and 9 because at strong acidic medium, the color of 
Congo red solution changes from red to dark blue and the 
original red color is different above pH 10. As shown in Fig. 
7, the maximum of removal efficiency on the surface of 
ZnO-ZnFe2O4-PPy sample is achieved in the acidic medium 
(98%) and reduced at the basic medium (47%). In the acidic  

 
Fig. 4. The SEM images of (a) ZnO, (b) ZnO-PPy and (c) ZnO-ZnFe2O4-PPy. 
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Fig. 5. Plots of the adsorption percentage for Congo red dye 
         on: (a) ZnO, (b) ZnO-PPy and (c) ZnO-ZnFe2O4-PPy. 

 
 
 

 
Fig. 6. Adsorption capacity of (a) ZnO, (b) ZnO-PPy and  

              (c) ZnO-ZnFe2O4-PPy. 
 

 
medium, the solution of Congo red will be in cationic form 
[32] and the adsorption of cation would be favorable at pH 
> pHzp [33]. When transferring from acidic to basic 
medium, due to the electrostatic repulsion, the removal 
efficiency is reduced. In the basic medium (pH = 10-12) 
there would be a competion between anionic dye and OH- in 
sluosion [34]. 

 
 

 
Fig. 7. Effect of pH on adsorption of Congo red on the  

                ZnO-ZnFe2O4-PPy sample. 

 
 

 
Fig. 8. Effect of the agitation speed on adsorption capacity    

      of Congo red on the ZnO-ZnFe2O4-PPy sample. 
 
 
Effect of Agitation Speed 
 The effect of agitation speed on Congo red dye removal 
on the surface of ZnO-ZnFe2O4-PPy sample is shown in Fig. 
8, as agitation speed increases from 100 to 250 rpm. At 
lower speed, the lower adsorption capacity is due to the 
poor interaction between adsorbate and adsorbent. As the 
speed  reaches  to  250  rpm,   an  increase in the  adsorption  



 

 

 

Karamipour et al./Phys. Chem. Res., Vol. 4, No. 2, 291-301, June 2016. 

 298 

 
 
 

 
Fig. 9. Plot ln(qe-qt) vs.  time  (pseudo-first-order model) for 
            the (a) ZnO-PPy, (b) ZnO-ZnFe2O4-PPy and (c) ZnO  
            samples.  

 
 
 

 

 
Fig. 10. Plot of  t/qt vs. time (pseudo-second-order model)  
             for the (a) ZnO-PPy,  (b) ZnO-ZnFe2O4-PPy  and  

               (c) ZnO samples. 

 
 
capacity is observed, while adsorption capacity does not 
show a significant variation at rates above 250 rpm. Thus, 
250 rpm is considered as the optimum agitation speed for 
the removal of Congo red dye. 
 
Adsorption Kinetics 
 The study of adsorption kinetics provided valuable 
insight into the reaction pathways and the mechanism of the 
reaction [35]. Several kinetic models have been used to 
study the kinetics of the adsorption process: the pseudo-
first-order and pseudo-second-order kinetic models. 
 
Pseudo-first-order Kinetic Model 
 The kinetics of adsorption can be described using 
several models. A simple kinetic model is the pseudo-first-
order equation [36]:  
 
 )(1 te

t qqk
dt
dq

                                                              (2) 

 
After definite integration by applying the initial conditions, 
qt = 0 at t = 0 and qt = qt at t = t, Eq. (2) becomes: 
 
 ln(qe - qt) = lnqe - k1t                                                     (3) 
 
where qe and qt are the amounts of adsorbate adsorbed (mg 
g-1) at equilibrium and at any instant of time t (min), 
respectively, and k1 is the rate constant for pseudo-first-
order adsorption (min-1). The adsorption rate constant k1 and 
equilibrium adsorption capacity qe,cal, calculated from the 
slopes and intercepts of plots of log(qe - qt) vs. t (Fig. 9) 
along with correlation coefficients R2 are listed in Table 1. 
As shown in Table.1, the experimental qe,exp values  are not 
in agreement with the calculated ones obtained from the 
linear plots. The results show that adsorption of Congo red 
on synthesized samples do not follow the first order kinetics 
model.  
 
Pseudo-second-order Equation Kinetic Model 
 The pseudo-second-order kinetic model based on 
equilibrium adsorption can be represented by the Eq. (4) 
[37]: 
 
 

tqqkq
t

eet

11
2

2

                                                                     (4) 
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where k2 is the equilibrium rate constant of pseudo-second-
order adsorption (g mg-1 min). The straight line plots of t/qt 
versus time as shown in Fig. 10 have been used to obtain the 
rate parameters. The values for qe and k2 along with the 
correlation coefficient (R2) values are presented in Table 1. 
It can be found from Table 1 that the calculated qe values 
agree well with those of experimentally obtained qe for the 
pseudo-seond-order model. Furthermore, the correlation 
coefficient values obtained by fitting the experimental data 
to Eq. (4) were close to 1.0. The calculated qe values also 
agree very well with the experimental data in the case of 
pseudo-second-order kinetics suggesting that the rate-
limiting step may be chemical sorption or chemisorption 
involving valency forces through sharing or exchanging of 
electrons between the samples and dye ions [38]. 
 
CONCLUSIONS 
 
 In our study, ZnO-ZnFe2O4-PPy nanocomposite was 
prepared by chemical precipitation method as a simple and 
and effective method and used as adsorbent for Congo red 
removal from the aqueous solution. The results show that 
three-component composite (ZnO-ZnFe2O4-PPy) as an 
adsorbent is more efficient compared to ZnO and ZnO-PPy 
species for color removal. Therefore, it can be concluded 
that the low cost ZnO-ZnFe2O4-PPy nanocomposite is an 
efficient adsorbent for removal of azo dyes from industrial 
wastewater. 
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