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A B S T R A C T  

   

Polyaniline/polystyrene (PAni/PS) composites were prepared in aqueous solution by polymerization of 
styrene and aniline in two-stages. Firstly, styrene polymerize using Ammonium persulfate (APS) as an 
oxidant in the presence of various surfactants such as poly(vinyl pyrrolidone) (PVP), 
hydroxypropylcellulose (HPC), poly(vinyl alcohol) (PVA) and surfactive dopant sodium 
dodecylbenzenesulfonate (DBSNa). In next stage, aniline polymerize using potassium iodate (KIO3) as 
an oxidant in the presence of PS latex. In addition, nanocomposites of polyaniline containing 
nanometer-size CuO (Copper oxide) and Ag2O (Silver oxide) were synthesized by a chemical method 
using DBSNa as a surfactant. Products were characterized in terms of particle size, conversion of 
monomer to polymer, morphology, chemical structure and glass transition temperature that were 
dependent on the type of surfactant and metal oxide. The chemical structure, morphology and glass 
transition temperature of product were studied by fourier transform infrared (FTIR) spectroscopy, 
X_ray diffraction (XRD), scanning electron microscopy (SEM) and differential scanning calorimetery 
(DSC).The results show that the type and concentration of surfactant, type of metal oxide and 
concentration of oxidant play a major role on the surface morphology and particle size of products. The 
size range of the PAni/PS and PAni/metal oxide composites was about 80–240 nm and 70-140 nm, 
respectively. 
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1. INTRODUCTION1 
 
polymers such as polyacetylene, polyaniline, 
polypyrrole, and polythiophene, have attracted so much 
research interest in wide range applications such as 
rechargeable batteries [1], electromagnetic interference 
(EMI) shielding [2], antistatic coatings [3], gas sensors 
[4], optical devices [5] and removal of heavy metals [6-
8],  and so forth. The process of doping of conductive 
polymers is the addition of a substance or impurity, 
which drastically change electrical, optical and 
magnetic properties. PAni is doped by protonation 
reaction, in which the number of electrons remains 
unchanged. In this process the emeraldine base reacts 
with protons from the acid becoming a conductor, 
whose conductivity can be increased up to 10 orders of 
magnitude. However, the doping process is reversible, 
as the polymer returns to its initial state without 
undergoing great changes in its structure. The 
                                                        
1*Corresponding Author Email: m.tanzifi@mail.ilam.ac.ir (M. 
Tanzifi) 

protonation occurs preferentially at imine nitrogen with 
the formation of semiquinone segments (radical cation) 
through an internal redox reaction [9]. The insolubility 
in common solvents and infusibility of conducting 
polymers, in general, make them poorly processable, 
either by a solution technique or by melt processing 
methods [10, 11]. Improvement of these material 
properties can be achieved by forming copolymers, 
composites, or blends with commercially available 
polymers or with inorganic materials which offer better 
mechanical and optical properties, stability, and 
processability [12–17]. Composite of PAni with 
various materials have been reported. For instance, 
Vaezi et al. [18], synthesized PAni/CoFe2O4 
nanocomposite. Magnetic measurement shows that 
resulting nanocomposite exhibit ferromagnetic 
behavior. The metal nanoparticles, such as silver and 
gold, have attracted much attention in recent years due 
to their interesting properties and potential applications 
in technological fields [19]. Silver particles have 
applications in catalysis, conductive inks, thick film 
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pastes and adhesives for various electronic 
components, in photonics and in photography [20–23]. 

As one of the important metal oxides, copper oxide 
(CuO) is frequently used as anode materials for LIBs 
owing to its high capacity, environmental benignity, 
safety and low-cost [24–26]. Therefore, the preparation 
of composite of polyaniline and metal oxide becomes a 
novel challenge for people. 

Conducting polyaniline (emeraldine base salt) has 
been commonly mixed with thermoplastic polymers to 
overcome processability limitations of polyaniline 
(PAni) derived of its infusibility and poor solubility in 
common solvents. PAni/thermoplastic composites are 
quite popular because depending on the thermoplastic 
matrix conducting composites with different attributes 
can be obtained [27–31]. Colloidal PAni/thermoplastic 
core–shell composites are a particular form to produce 
conducting composites. This kind of arrangement 
allows controlling composite morphology and 
composition [32]. 

Polystyrene (PS) is an insulating polymer, 
transparent, rigid and fragile, which can be easily 
prepared through four main routes: anionic, cationic, 
coordination or via free radical reaction. However, the 
most used technique is the free radical polymerization 
[33]. The styrene monomer discovered in 1786 by 
Newman and the polystyrene was later discovered by 
Simon. With the knowledge of the formation process 
and its applications greater commercial importance was 
given for polystyrene, being commercially available in 
1938, produced by Dow Chemical Company [34]. Due 
to the poor mechanical and thermal properties of PAni, 
the casting films obtained are fragile and delicate with 
limited resistance to external action. In the last three 
decades, polymer blends of PAni with conventional 
materials such as PS, Polystyrene sulfonate (PSS), 
poly(vinyl alcohol) (PVA) and others have been 
developed in order to correlate the spectroscopic 
properties of PAni with the excellent thermo-
mechanical properties of plastics [35–37]. 

Nanostructured films of the conducting polymer 
polyaniline were prepared by its potentiostatic 
polymerization in the presence of thin polystyrene (PS) 
nanoparticle templates [38]. 

The preparation and characterization of PAni/Fe3O4 
and PAni/Fe2O3 nanocomposite using 
hydroxypropylcellulose as a steric stabilizer were 
reported [39]. Core–shell polyaniline–polystyrene 
Sulfonate/Fe3O4 nanoparticles with both conductive 
and magnetic properties was also demonstrated [40]. 
Suspension polymerization of aniline in the presence of 
dodecylbenzenesulfonic acid (DBSA) with and without 
styrene–butadiene–styrene (SBS) was carried out. The 
result indicates that DBSA acts simultaneously as a 
surfactant (emulsifier) and as a dopant [41, 42]. In 
addition, surfactant affects on the morphology (degree 
of crystalline order and orientation) [42]. 

In this study, Polyaniline/polystyrene (PAni/PS) 
composite was prepared in the aqueous solution by 
polymerization of styrene and aniline using potassium 
iodate (KIO3) and ammonium peroxy disulfate 
((NH4)2S2O8) as oxidants in the presence of various 
surfactants. In addition, Polyaniline/Ag2O and 
Polyaniline/CuO nanocomposites were prepared in 
aqueous media using DBSNa as surfactant. 

 
 

2. EXPERIMENTAL 
 
2. 1. Instrumentation     A magnetic stirrer (model 
MK20, Iran), digital balance (Helmer model FR 200, 
Germany), scanning electron microscope (SEM) 
(Philips model XL30, Netherland), fourier transform 
infrared (FT-IR) spectrometer (Shimadzu model 4100, 
Japan), X-ray diffraction (XRD) (Philips model 
PW3040/60, Netherland), differential scanning 
calorimeter (DSC) (model PL-DSC, England) and 
centrifuge (Hermle Labrotechnik model Z36HK, 
Germany) have been used in these experiments. 

 
2. 2. Reagents and Standard Solutions    Materials 
used in this work were aniline (extra pure > 99%, d 
=1.02 g/cm3), styrene (d = 0.906 g/cm3), potassium 
iodate (Merck,Germany), ammonium peroxy disulfate 
(Merck,Germany), sulfuric acid (Pars chemie, Iran), 
sodium dodecylbenzensulfonate (DBSNa) ( Loba 
chemie, India), hydroxypropylcellulose (HPC, Mw = 
106) (Aldrich, England), poly (vinyl pyrrolidone) (PVP, 
MW = 25000, Merck, Germany), poly(vinyl alcohol) 
(PVA, Mw= 72000, Merck, Germany), nanometer size 
silver oxide (Aldrich, England) and nanometer size 
copper oxide (Merck,Germany).  

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. 
 
2. 3. Preparation of Polystyrene Latex                                                                                    
Polymerization of polysterene was carried out in an 
aqueous media at 75 °C for 4 hours under stirring rate 
of 500 rpm. For the preparation of polystyrene 0.6-2.5 
g of ammonium peroxy disulfate was added to 100 mL 
water containing 0.2-1.0 g  surfactant. Then, 6 mL 
styrene monomer was added to solution. The obtained 
PS latex was highly stable and precipitation was not 
observed even after centrifugation at 1500 rpm for 30 
min.  
 
2. 4. Preparation of Polyaniline/Polystyrene 
Composite   A 100 mL sulfuric acid 1.0 M containing 
1 g potassium iodate added to polystyrene latex 
solution at room temperature. Then, 1 mL aniline 
monomer was injected to the solution. Polymerization 
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was carried out at room temperature for 5 hours under 
stirring rate of 500 rpm. 
 
2. 5. Preparation of Polyaniline/CuO and 
Polyaniline/Ag2O Nanocomposite         1 mL 
aniline monomer was added to stirred aqueous solution 
(100 mL) of sulfuric acid 1.0 M containing 2.5 g of 
ammonium peroxy disulfate. After 2 hours, 0.2 g of 
metal oxide was added to stirred aqueous solution. The 
reaction was carried out in aqueous media at room 
temperature. After 3 hours, the polymer was filtered. 
 
2. 6. Preparation of Polyaniline/CuO and 
Polyaniline/Ag2O Nanocomposite using DBSNa   
0.2 g of metal oxide was added to stirred aqueous 
solution (100 mL) of sulfuric acid 1.0 M containing 0.4 
g of surfactant (DBSNa). After 1 hours, 2.5 g of 
ammonium peroxy disulfate was added to stirred 
aqueous solution. The reaction was carried out in 
aqueous media at room temperature for 3 hours. After 
3 hours, the polymer was filtered. 

In all experiments, in order to remove the unreacted 
monomers and oxidants, the final product was washed 
properly with deionized water followed by 
centrifugating at 1500 rpm for 30 min. This washing 
process was repeated three times. Finally, the product 
dried in 40°C for 24 hours. 
 
 
3. RESULTS AND DISCUSSION 
 
3. 1. Surface Morphology     The morphology of 
composite was studied using scanning electron 
microscopy (SEM). SEM images of pure polyaniline 
and PAni/PS composites synthesized without 
surfactant are shown in Figures 1 and 2. As shown in 
Figures 1 and 2, the bulk polymer and composite tends 
to aggregate in large particles in the form of large 
globules. This is probably due to an increased inter-
chain interaction as compared to stabilized particles in 
which the polymeric surfactant chains act as a limiting 
factor for such an interaction. The particles have a wide 
polydispersity, presumably due to increased rate of 
polymerization. As shown in Figures 3a, b, c and d, by 
addition of surfactant into the reaction media, particle 
size decreased and homogeneity increased, because 
surfactant influence the physical and chemical 
properties of the solution, by chemically adsorption to 
the polymer, and prevented from Preventing 
undesirable grass particles. As shown in the figures, the 
composite obtained using various surfactants (PVP, 
DBSNa, HPC and PVA) exhibits spherical particles. 
For instance, as shown in Figure 3a, the composite 
obtained using PVP is composed of small spherical 
particles, because the surfactant was prevented from 
gross aggregation of the particles. Moreover, by 

comparison between Figures 3a, b, c and d, the size 
and homogeneity of the particles were dependent on 
the type of surfactant because the surfactant are known 
to influence the size and hemogeneity of particles. 
Furthermore, as can be seen in Figures 3a and 4a, 
particle size decreased and homogeneity increased by 
increasing the concentration of surfactant, because 
surfactant affects the viscosity of solution and also the 
rate of polymerization. The type of surfactant is known 
to influence the rate of polymer formation, particle 
size, size distribution, morphology, and homogeneity 
of particles [43–47]. As can be seen, particle size and 
conversion of monomer to polymer are dependent on 
the type of surfactant, because the surfactants are 
adsorbed physically or bonded chemically (graft 
copolymer) to growing polymer [48]. As shown in 
Figures 4a, b and Table 1, by increasing the 
concentration of PVP as surfactant from 6 g/L to 10 
g/L, significant changes didn’t observe in particle size. 
So, the optimum concentration of surfactant is 6 g/L. 

It was found that in the preparation of  PAni/PS 
composite, concentration of oxidant ((NH4)2S2O8) 
affect on the particle size and conversion of monomer 
to polymer (see Figures 5a, b and 6). The particle size 
decreased and conversion of monomer to polymer 
increased by increasing the amount of oxidant. It is 
probably due to the  rate of polymerization increased 
by increasing concentration of oxidant. However, by 
increasing the amount of oxidant, weak spherical 
particles were obtained. The effect of type and 
concentration of surfactant and oxidant on the particle 
size and conversion of PAni/PS composite are listed in 
Table 1. Furthermore, SEM images of 
Polyaniline/metal oxide (with and without surfactant) 
are shown in Figures 7 and 8. As can be seen, the type 
of additive has a considerable effect on the size and 
homogeneity of particles. As shown in Figures 7a and 
8a (compare with Figure 1), By adding metal oxide, 
particle size decreases.  It can be also deduced that 
(Figures 7b and 8b), the composites obtained using 
Ag2O and CuO as additives in the presence of DBSNa 
as a surfactant are composed of homogenate particles. 
Particle size of products is shown in Table 2. 
 
 

 
Figure 1. Scanning electron micrograph of PAni Prepared in 
aqueous media 
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TABLE 1. Preparation conditions and effect of type of surfactant on particle size and yield of monomer to polymer 

Type of surfactant Type and concentration  of 
oxidant  (g/L) 

Conversion of monomer to 
polymer (% w/w) 

Concentration of 
surfactant (g/L) 

Average particle 
size (nm) 

Surfactant free ---- 78 -- 240 
PVP KIO3=10 , (NH4)2S2O8=6 72 2.0 180 
PVP KIO3=10, (NH4)2S2O8=6 78 6.0 150 
PVP KIO3=10, (NH4)2S2O8=6 84 1.0 142 
PVP KIO3=10,(NH4)2S2O8=15 82 2.0 107 
PVP KIO3=10, (NH4)2S2O8=25 88 2.0 80 
HPC KIO3=10, (NH4)2S2O8=6 71 2.0 130 
HPC KIO3=10, (NH4)2S2O8=25 82 2.0 90 
DBSNa KIO3=10, (NH4)2S2O8=6 75 2.0 140 
PVA KIO3=10, (NH4)2S2O8=6 70 2.0 130 
 
 
TABLE 2. Effect of surfactant and metal oxide on the 
polyaniline nanocomposite size. 
Type of Composite Concentration of 

Metal Oxide (g/L) 
Average Particle 

Size (nm) 
Pure polyaniline ---- 140 
PAni+CuO 2 101 
PAni+CuO+DBSNa 2 82 
PAni+Ag2O 2 92 
PAni+Ag2O+DBSNa 2 70 

  
  

 
Figure 2. Scanning electron micrograph of PAni/PS Prepared 
in aqueous media 
 
 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 
Figure 3. Scanning electron micrograph of PAni/PS Prepared 
with (a) PVP (b) PVA (c) DBSNa (d) HPC as surfactant in 
aqueous media, Reaction conditions: ((NH4)2S2O8 = 6 g/L, 
KIO3=10 g/L, surfactant = 2 g/L). 



231                                                   Z. Taghipour et al. / IJE TRANSACTIONS B: Applications   Vol. 27, No. 2, (February 2014)  227-238 

 

 
(a) 

 

 
(b) 

 
Figure 4. Scanning electron micrograph of PAni/PS Prepared 
with (a) PVP=6 g/L (b) PVP=10 g/L in aqueous media, 
Reaction conditions: ((NH4)2S2O8 = 6 g/L, KIO3=10 g/L) 
 
 

 
(a) 

 
(b) 

 
Figure 5. Scanning electron micrograph of PAni/PS Prepared 
with (a) PVP (b) HPC as surfactant in aqueous media, 
Reaction conditions: ((NH4)2S2O8 = 25 g/L, KIO3=10 g/L, 
surfactant = 2 g/L) 
 
 

 
Figure 6. Scanning electron micrograph of PAni/PS Prepared 
with PVP in aqueous media, Reaction conditions: 
((NH4)2S2O8 = 15 g/L, KIO3=10 g/L, PVP = 2 g/L). 
 
 

 
(a) 
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(b)  

Figure 7. Scanning electron micrograph of PAni/Ag2O 
nanocomposie Prepared in aqueous media (a) without 
surfactant (b) with DBSNa as surfactant. 
 
 

 
(a)  

 
(b)  

Figure 8. Scanning electron micrograph of PAni/CuO 
nanocomposie Prepared in aqueous media (a) without 
surfactant (b) with DBSNa as surfactant. 

3. 2. Structural characterization The chemical 
structure of obtained product was determined by FTIR 
spectrum. The FTIR spectroscopy has provided 
valuable information regarding the formation of 
polyaniline/polystyrene composite. FTIR analysis has 
been done to identify the characteristic functional 
groups of product.  

FTIR spectrum of pure surfactant  was shown in 
Figure 9 and  FTIR spectra in the 4000-400 cm–1 
region, for PAni/PS composites were shown in Figure 
10. For example, as can be seen in Figure 10a, the 
characteristic peaks of the PAni/PS composite were 
shown at 1601 cm-1 (C=C stretching vibration of the 
quinoid ring), 1493 cm-1 (stretching vibration of C=C 
of the benzenoid ring), 1305 cm-1 (C-N stretching 
vibration), 1178 cm-1 (C-H in-plane deformation), 850 
cm-1 (C-H out-of-plane deformation) selected to 
polyaniline. In addition, characteristic absorbtion bands 
at 3435 cm-1 (aromatic C-H stretching) and 2923 cm-1 
(methylene C-H stretching) are asigned to polystyrene. 

Figure 11 also shows the FTIR spectra of pure 
polyaniline, polyaniline/silver oxide, 
polyaniline/copper oxide, polyaniline/silver oxide with 
DBSNa and polyaniline/copper oxide with DBSNa.  
FTIR spectra in the 4000-450 cm–1 region, for PAni is 
shown in Figure 11a. PAni polymer shows the 
presence of characteristic absorption bands at 1562 cm-

1 (C=C stretching vibration of the quinoid ring), 1475 
cm-1 (stretching vibration of C=C of the benzenoid 
ring), 1302 cm-1 (C-N stretching vibration), 1137  cm-1 
(C-H in-plane deformation) and 804 cm-1   (C-H out-of-
plane deformation).  
 
3. 3. Differential Scanning Calorimetry     The 
thermal properties of the chemically prepared pure 
polyaniline, pure polystyrene and PAni/PS composites 
have been studied using differential scanning 
calorimetry (DSC). Figures 12-15 show the DSC 
heating curves of polystyrene, polyaniline and PAni/PS 
composites at a heating rate of 10°C/min under 
nitrogen atmosphere.  

There appeared to be three endotherms in the 
region. The first endotherm in Figures 13-15 is most 
likely attributed to the removal of water /moisture that 
is around 3.5°C in Figure 13a  and the other around 
84.22°C in Figure 15b, which also contributes to the 
endotherm in this temperature region in the DSC 
measurement. In Figure 13a, both first peak and second 
peak attributed removal of water/moisture and third 
peak is glass transition temperatures (Tg) of PAni. The 
glass transition temperatures (Tg) of pure PAni is 
209°C. 

From the DSC result, the glass transition 
temperatures (Tg) of PS is 67.8°C in Figure 12, also 
cannot be assigned to the pure PS melting point, 
bacause PS is amorphous. 
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The second endotherms observed in thermograms 
(Figures 13b, 14a, 14b, 15a and 15b) are attributed to 
the glass transition temperature of PAni/PS composites 
(175.35°C , 187.26 °C, 193.74°C, 219.2°C, 210.15°C, 
respectively). These figures show that PAni/PS 
composites with surfactant are more stable than pure 
PAni/PS composite. The glass transition temperature 
are dependent on the surfactants (PVP, PVA, DBSNa 
and HPC), which were used in the preparation of 
composites. As shown in the thermograms (Figures 14 
and 15), the presence of surfactant can be shifted the 
glass transition temperature to upper temperatures in 
the PAni/PS composites. 

As shown in Figures 13b, 14a, 14b, 15a and 15b, 
the third endotherms (277.17°C, 265.84°C, 257.59°C, 
230.79°C, 259.23°C, respectively) are melting point of 
PAni/PS composites and dependent  on the surfactant. 
The melting point of PAni/PS composites decreases 
with adding surfactant.   
 
 
 

 
Figure 9. FTIR spectra of (a) pure PVP (b) pure DBSNa       
(c) pure PVA and (d) pure HPC 

 

 
Figure 10. FTIR spectra of  PAni/PS composite (a) without 
surfactant (b) with PVP (c) DBSNa (d) PVA  and (e) HPC 
used as surfactant in aqueous media. 
 
 

 
Figure 11. FTIR spectra of  (a) purePAni (b) PAni/Ag2O 
nanocomposite (c) PAni/Ag2O nanocomposite with DBSNa(d) 
PAni/CuO nanocomposite (e) PAni/CuO nanocomposite with 
DBSNa. 
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Figure 12. DSC thermograms of  PS 

 
 

 
Figure 13. DSC thermograms of  (a)  pure PAni and (b) 
PAni/PS composite. 
 
 

 

 
Figure 14. DSC thermograms of PAni/PS composite (a) 
PVP, and (b) PVA, used as surfactant. 
 

 
Figure 15. DSC thermograms of PAni/PS composite (a) 
DBSNa, and (b) HPC, used as surfactant. 
 
 
3. 4. X-ray Diffraction     Polyaniline is inherently 
amorphous and hence there are no sharp peaks for 
polyaniline. The crystalline nature of nanocomposites 
is determined from XRD analysis. The XRD patterns 
of CuO nanoparticle, pure polyaniline and PAni/CuO 
nanocomposite are shown in Figures 16a, b and c, 
respectively. The main peaks of CuO nanoparticles are 
at 2θ = 24.8, 31.75, 37.6, 56.65, 68.8. In addition, The 
main peaks in the XRD pattern of pure PAni are 
observed at 2θ = 19.8 and 25.2. The characteristic 
peaks ascertained from the XRD pattern of PAni/CuO 
nanocomposite are at 2θ = 25.2, 31.75, 37.6, 56.6 and 
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68.8. These peaks in the XRD pattern of 
nanocomposites verify the presence of copper 
nanoparticles in the polyaniline matrix. 

Furthermore, the XRD patterns of pure polyaniline, 
Ag2O nanoparticle and PAni/Ag2O nanocomposite are 
shown in Figures 17a, b and c, respectively. The main 
peaks of Ag2O nanoparticles are at  2θ =18.65, 20.6, 
32.9, 38.15, 55, 65.55. The characteristic peaks 
ascertained from the XRD pattern of PAni/Ag2O 
nanocomposite are at 2θ = 19.5, 25.2, 33, 38.2, 55 and 
65.5. These peaks in the XRD pattern of 
nanocomposites verify the presence of silver 
nanoparticles in the polyaniline matrix. 
 
 

 
Figure 16. XRD pattern of (a) PAni, (b) CuO and                    
(c) PAni/CuO nanocomposite 
 
 

 
Figure 17. XRD pattern of (a) PAni, (b) Ag2O and (c) 
PAni/Ag2O nanocomposite. 

The average crystallite size was estimated using the 
Scherrer’s Equation (1) [49]: 

β  = kλ / Dcosθ (1) 

where, λ is the X-ray wavelength, k, the shape factor, 
D, the average diameter of the crystals in angstroms, θ, 
the Bragg angle in degree, and β is the line broadening 
measured by half-height in radian. The value of k 
depends on several factors, including the miller index 
of the reflection plane and the shape of crystal. If the 
shape is unknown, k is often considered to be 0.89.  

The crystallite size of copper and silver in the 
nanocomposite, calculated by Equation (1), is about 40  
and 15 nm, respectively. When the reflecting peak at 
2θ = 31.75 (for PAni/CuO) and 2θ = 33  (for 
PAni/Ag2O) is chosen for calculating the average 
diameter, the average size of the PAni/CuO and 
PAni/Ag2O particles is achieved 101 and 82 nm 
respectively, which is consistent with the result of the 
SEM. 
 
 
4. CONCLUSIONS 

 
In this work, the characteristics of the 
polyaniline/polystyrene composite, such as 
morphology, glass transition temperature and 
molecular structure, were investigated in aqueous 
media using various surfactants. The SEM micrographs 
show that the type and concentration of surfactant play 
a major role on the surface morphology of products, 
because by increasing the concentration of surfactant, 
particle size decreases and homogeneity increases. The 
particle size and conversion of monomer to polymer 
are dependent on the type of surfactant, because the 
surfactants are adsorbed physically or bonded 
chemically (graft copolymer) to growing polymer. 
Moreover, by increasing the amount of oxidant, 
particle size decreases and conversion of monomer to 
polymer increases. However, by increasing the amount 
of oxidant, weak spherical particles were obtained. As 
could be seen, homogeneity of products increased 
when PVP used as surfactant. By increasing the 
concentration of PVP as surfactant from 6 g/L to 10 
g/L, significant changes didn’t observe in particle size. 
Thus, the optimum concentration of surfactant is 6 g/L. 
The nano-meter size of particles obtained when PVP 
and HPC were used as surfactant in the presence of 
25g/L of APS.    

The chemical structure of the product was 
determined by FTIR spectrum. The results indicate that 
the intensity of peaks is dependent on the type of 
surfactant, presumably due to the interaction of 
surfactant and polyaniline. The DSC thermograms 
clearly demonstrate the relationship between type of 
surfactant and Tg of the PAni/PS composite. In all 
thermograms, the first peak is observed due to loss of 
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water/moisture while the second peak is the glass 
transition temperature of composite and the third peak 
is melting point of composite. 

In addition, PAni/CuO and PAni/Ag2O 
nanocomposite can be successfully prepared by 
chemical polymerization of aniline and metal oxide in 
the presence of sulfuric acid using ammonium peroxy 
disulfate as an oxidant and DBSNa as surfactant.  

The SEM studies have shown that by addition of  
metal oxide  to the solution, particles size decrease. 
The type of metal oxide had considerable effects on the 
morphology and particle size of the resulting products.          
Morever, by addition DBSNa as surfactant particles 
size decrease and hemogeneity increases. The size 
range of the particles was about 70–140 nm. The FTIR 
analysis was done in order to identify the characteristic 
peaks of the products. The x-ray pattern of PAni/CuO 
and PAni/Ag2O nanocomposite verify the presence of 
copper and silver nanoparticles in the polyaniline 
matrix. 
 
[1-49] 
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  چکیده

  
 

ابتدا . پلی استایرن در محلول آبی بوسیله پلیمریزاسیون استایرن و آنیلین در دو مرحله تهیه شد/کامپوزیت هاي پلی آنیلین
یل استایرن با استفاده از آمونیوم پروکسی دي سولفات به عنوان اکسیدان در حضور پایدارکننده هاي مختلف نظیر پلی وین

در مرحله بعد، . پیرولیدون، هیدروکسی پروپیل سلولز، پلی وینیل الکل و دودسیل بنزن سولفونات سدیم به پلیمر تبدیل شد
همچنین نانوکامپوزیت پلی . آنیلین توسط پریدات پتاسیم به عنوان اکسیدان در حضور التکس پلی استایرن به پلیمر تبدیل شد

اکسید نقره بوسیله یک روش شیمیایی با استفاده از دودسیل بنزن سولفونات سدیم به  آنیلین شامل نانوذرات اکسید مس و
خواص محصوالت از قبیل سایز ذرات، درصد تبدیل مونومر به پلیمر، مورفولوژي، ساختار . عنوان پایدار کننده، سنتز شد

واص به نوع پایدارکننده و اکسید فلزي نتایج نشان داد که این خ. شیمیایی و دماي شیشه اي شدن مورد بررسی قرار گرفت
، پراش اشعه ایکس، FTIRساختار شیمیایی، مورفولوژي و دماي شیشه اي شدن به ترتیب بوسیله طیف سنجی . بستگی دارد

نتایج نشان داد نوع و غلظت پایدار . میکروسکوپ الکترونی پویشی و گرما سنجی پویشی تفاضلی مورد بررسی قرار گرفت
محدوده سایز ذرات براي . اکسید فلزي و غلظت اکسیدان نقش مهمی در مورفولوژي سطح و سایز ذرات داردکننده، نوع 

نانومتر  70- 140نانومتر و  80- 240اکسید فلزي به ترتیب در حدود /پلی استایرن و پلی آنیلین/کامپوزیت هاي پلی آنیلین
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