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ABSTRACT- Polypyrrole-iron oxide hybrid 

nanocomposites were prepared by adding iron 

oxide nanoparticles (< 50 nm) in different 

weight ratio (25-100%) with polypyrrole 

using mechanical mixing method. To 

investigate the structural, optical, crystalline 

nature, thermal, morphological and 

elemental aspect of the resulting material was 

characterized by various techniques. FT-IR 

analysis indicates a successful conjugation of 

iron oxide nanoparticles with polypyrrole. 

UV-vis spectroscopic study shows π–π* 

transition of polypyrrole and polypyrrole-iron 

oxide nanocomposites was found at 473 and 

931nm. The lowest and highest average 

crystallite size of the nanocomposites are 63 

nm (25%) and 113 nm (50%) respectively. 

From the thermal studies it is clearly seen 

that the thermal stability of the 

nanocomposite material has been enhanced 

significantly. SEM observation showed that 

the prepared polypyrrole-iron oxide 

nanocomposites were uniformly dispersed, 

highly stabilized throughout the 

macromolecular chain. From the elemental 

analysis, one can infer that the percentage of 

oxygen and iron oxide was increasing with 

concentration of iron oxide and influence 

significantly the optical and other properties. 
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1. INTRODUCTION 

Conducting polymers are intensively 

studied because of their unique applications in 
electro chromic devices, electromagnetic 

interference shielding, non-linear optical 

systems, microwave absorbers and 
microelectronic device fabrication due to their 

excellent electric characteristics and ease of 
processability [1]. Among them, polypyrrole 

(PPy) is the first commercial available intrinsic 

conductive polymer. In recent years the 
synthesis of PPy has become one of the most 

important areas of polymeric materials 

research. PPy has attracted great interest for its 

doping-dedoping mechanism, environmental 
stability and tunable conductivity [2]. 

Effective research in the field of 

nanocomposite materials, particularly those 
consisting of nanostructured PPy matrix, 

develops intensive targeting at novel design of 

nanocomposite with unique physicochemical 
properties and applications [3]. During the last 

two decades, an interest in the development of 

conducting PPy-metal oxide nanocomposites 

has significantly grown. Many synthetic 
methods like insitu chemical oxidative 

polymerization, insitu electro polymerization, 

interfacial polymerization, solution mixing, 
self assembly approach, pickering emulsion 

polymerization etc, have been reported for the 

preparation of PPy-Fe3O4 nanocomposites [4]. 
Some of these methods are based on the 

precipitation of the magnetic nanoparticles 

(nPs) in the presence of polymer in a suitable 

solvent. To formulate the synthetic process in 
a cost effective and environmental friendly 

way, our research has been focused on the 

synthesis of PPy-Fe3O4 nanocomposites, using 
ammonium peroxydisulfate (APS) as an 

oxidants and Fe3O4 nPs in aqueous solution 

under mild conditions [5]. Magnetic nPs 

including iron, cobalt, nickel and their alloys 
have captured the intense attention owing to 

their unique and wide applications in different 

areas. Compared with other magnetic nPs, 
magnetite (Fe3O4) is the strongest magnetic 

nPs of all natural minerals on earth.  Magnetite 

is a mixed iron oxide with the spinel structure.
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In recent years, the researchers have shown 

immense interest in studying iron oxide 

(Fe3O4) nPs which constitute both super 

magnetic and ferromagnetic properties [6]. 
The magnetic hybrid polymer nanocomposite 

material is the key region of research because 

of their adaptable applications in sensors, 
batteries, solar cell, light emitting diodes and 

electronics device etc., [7]. The polymerization 

of pyrrole using reverse micelles, ultrasonic 
and irradiation methods, sol-gel methods, and 

physical mixing were also previously studied 

[8]. Several attempts has been taken to 

fabricate the PPy-Fe3O4 nanocomposite for 
investigating various properties as 

nanostructured iron oxide as an attractive 

material. In this section, an attempt was made 
to study the PPy-Fe3O4 nanocomposite 

material to understand the formation 

mechanism and its surface structural features 
in detail. The prepared PPy-Fe3O4 

nanocomposites were characterized by FTIR, 

UV-vis, XRD, TGA & DSC and SEM & 

EDAX. 

 

2. EXPERIMENTAL 

2.1MATERIALS 

The monomer pyrrole, 

Dodecylbenzene Sulfonic acid (DBSNa) and 

Iron (II, III) oxide nPs (<50nm & 98% purity) 
were purchased from Aldrich. The monomer 

pyrrole and (DBSNa) are further purified by 

distillation under reduced pressure and stored 
in refrigerator before use. Ammonium 

peroxydisulfate (99%), Ethanol (99%), 

Acetone (99%) were purchased from Merck 
and used as received. 

 

2.2 SYNTHESIS OF PPY-Fe3O4 

NANOCOMPOSITES 

The nanocomposites were synthesized 

by employing two different processes such as, 

chemical oxidative polymerization and 
mechanical mixing method. PPy was 

synthesized by chemical oxidative 

polymerization method using pyrrole and 
dodecylbenzene sulfonic acid (DBSNa) under 

static conditions at lower temperature (~5˚C). 

Initially, the dopant was dissolved in 900 ml of 

deionized water which is kept in a round-
bottom flask. Then the monomer pyrrole was 

added drop wise into the above suspension 

while continuous stirring for 0.5 h. 

After 0.5 h, the drop wise addition of oxidant 

(ammonium peroxydisulfate (NH4)2S2O8 ) into 

the above solution was used to achieve a good 

degree of polymerization. The resultant 
solution was appeared in dark black colour. 

The mixture of solution was kept at 0-5 ºC and 

continuously stirred for 24 h at 700 rpm. The 
resultant product was filtered and washed with 

deionized water, ethanol and acetone, then 

dried under vacuum at 80 ºC for 24 hrs. The 
nanocomposites (PPy-Fe3O4) were prepared at 

different ratios as 1: χ, where, χ denotes the 

various amount of Fe3O4 in weight percentages 

as 25%, 50% and 100%. Thus, the molar ratio 
of the nanocomposites which consisting of 

PPy and Fe3O4 as 1:0.25, 1:0.50 and 1:1. 

 

3. RESULT AND DISCUSSION 

3.1FTIR SPECTRAL ANALYSIS 

FTIR spectra (Fig.1) of pure PPy and 
PPy-Fe3O4 (25-100%) nanocomposites were 

recorded in the range of 4000-400 cm-1 to 

investigate the interaction between the metal 
oxide and PPy. FTIR spectrum of pure PPy 

shows some transmittance peaks which are 

appeared    at    3437.87,    1548.06,   1396.06, 

1173.06 and 901.39 cm-1. The peak appeared 
at 3437.87cm-1 could be attributed to N-H 

stretching vibration and 1548.06 cm-1 is 

assigned to C–C ring symmetric stretching 
vibrations. The region of 1396.06 and 1173.06 

cm-1 correspond to N–H bending vibration and 

in-plane C–H bending vibrations respectively. 
The band appeared at 901.39 cm-1 can be 

attributed to out-plane C–H bending 

vibrations. The corresponding peaks of PPy- 

Fe3O4 nanocomposites appeared at 3320.89, 
1537.08, 1390.78, 1181.52, and 876.90 cm-1 in 

which a broad peak appeared at 3320.89 cm-1 

which can be associated to the interaction 
between the Fe3O4 nPs and PPy by the 

formation of hydrogen bonding between H–N 

and oxygen of Fe3O4. So the peak displacement 

which was observed in the spectra may be 
ascribed to the formation of hydrogen bonding 

between Fe3O4 nPs and the N–H group of PPy 

on the surface which influence the electron 
densities of the PPy chain. According to the 

patterns, transmittance intensity is increased 

by increasing the concentration of Fe3O4 nPs 
in nanocomposites due to the uniform 

distribution of Fe3O4 nPs in the matrix of PPy 

and elimination of agglomeration.   
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The wave number region o f 577.34 and 
428.20 cm-1 which correspond to Fe-OH, 

Fe-O-Fe stretching vibrations [1, 9]. 

 

 
Fig.1 FTIR spectra of pure PPy (a) and 

PPy-Fe3O4 nanocomposites (b, c & d) 

 

Sample Name 

N-H 

stretching      

vibrations 

(cm-1) 

C–C ring 

symmetric 

stretching 

vibrations 

(cm-1) 

N-H 

bending 

vibrations 

(cm-1) 

In-plane C–

H bending 

Vibrations 

(cm-1) 

Out-plane 

 C–H 

bending 

Vibrations 

(cm-1) 

Pure PPy 3437.87 1548.06 1396.00 1173.06 901.39 

PPy-Fe3O4 

(25%) 
3444.19 1548.09 1394.96 1166.73 897.47 

PPy-Fe3O4 

(50%) 
3320.89 1537.08 1390.78 1181.52 876.90 

PPy-Fe3O4 

(100%) 
3138.14 1544.82 1298.75 1179.44 912.78 

 
Table.1 FTIR data of pure PPy and PPy- 

Fe3O4 nanocomposites 
 

The FTIR spectrum of nanocomposites 

indicates that the N-H, C-H and C-C stretching 

vibrations in wave number regions are shifted 
slightly. The intensity of each peak is found to 

be decreasing with the increasing Fe3O4 

content. Such peak shifting is mainly ascribed 
to the interaction between PPy and Fe3O4 nPs. 

The FTIR study confirms that the Fe3O4 

molecules are well incorporated with PPy 

structure. The FTIR data of pure PPy and PPy- 
Fe3O4 (25-100%) nanocomposites were as 

shown in Table.1. 

 

3.2 UV-VIS ABSORPTION SPECTRAL 

ANALYSIS 
UV-vis spectroscopy was used to 

characterize the optical properties of 

synthesized nanocomposite materials. Fig.2 

shows the results of optical absorption spectra 

of pure  PPy,  PPy-Fe3O4  (25-100%) 

nanocomposite and pure Fe3O4 nPs in the 

visible region. Pure PPy has two important 
characteristics absorption bands at around 473 

nm and 931 nm that may attributed to π-π* 

transition of the benzenoid ring and  n-π* 
transition of benzenoid to  quinoid, 

respectively. In the case of PPy-Fe3O4 (25- 

100%) nanocomposites, the peaks which are 
appeared around 496, 498, 499 nm are 

ascribed to the selective interaction between 

Fe3O4 and quinoid ring of PPy. Furthermore, 

by the addition of Fe3O4 nPs, the intensity of 
the peak appeared around 496 nm decreased 

due to the interaction between Fe3O4 nPs and 

PPy molecules. The absorption band appeared 
at 499 nm is attributed to the excitation from 

the highest occupied molecular orbital of the 

zenoid to the lowest unoccupied moleculartal 
of the localized quinoid ring and the 

surrounding nitrogen of PPy. Additionally, 

peak of pure PPy appeared at around 260 is 

based on the π-π* transition of the enoid ring 
where the peaks of PPy-Fe3O4 ocomposites. It 

can be seen that Fe3O4 nPs wed strong 

absorption in the UV light on.  The red shift of 
the absorption sition to higher wavelength may 

be due to successful interaction of metal nPs 

with the mer chain. Fig.3a-3e shows the 

relation between (αhν)2 and hν. This gives a 
straight line portion and the extrapolation of 

this line at (αhν)2=0 yields the band gap value. 

In this case m= and so the interband direct 
transition 

is allowed. 

 

Fig.2 UV-vis spectra of pure PPy (a), PPy- 

Fe3O4 nanocomposites (b, c, d) 

and pure Fe3O4 nPs (e) 
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         Table.2 UV-vis spectra of pure PPy, PPy-

Fe3O4 nanocomposites and pure Fe3O4 nPs  

 

 

 
 

Fig: 3 (a) 

 

 
Fig: 3 (b) 

 

 

 

 

 
 

Fig: 3 (c) 

 

 
 

Fig: 3 (d) 

 

 
 

Fig: 3 (e) 

 

Fig.3a-3e Tauc plot for (αhν)
2
 vs hν of pure PPy (a), 

PPy-Fe3O4 nanocomposites (b,c,d) and pure Fe3O4 

nPs (e) 

 

Wavelength (nm) Absorption Band 

gap 

(eV) 
Band: 

 1 

Band: 

 2 

Band: 

 3 

Band:  

1 

Band: 

 2 

Band:  

3 

Pure 

PPy 
260 473 931 0.1826 0.1581 0.2017 3.46 

PPy-

Fe3O4 

(25%) 

297 496 930 0.2827 0.1532 0.1334 1.47 

PPy-

Fe3O4 

(50%) 

264 499 980 0.8756 0.5583 0.5203 3.39 

PPy-

Fe3O4 

(100%

) 

262 498 958 0.5396 0.3852 0.3382 3.08 

Pure 

Fe3O4 
261 - - - - 0.4356 2.12 
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The estimated band gap of pure PPy, PPy-Fe3O4 

nanocomposites and pure Fe3O4 nPs were as shown 

in Table.2. The bonding and antibonding states of 

polar on and bipolar on of PPy exhibit the 

characteristics absorption bands. Hence, there is a 
great overlap of optical transitions between iron 

oxide and PPy. The intercalation of PPy gives rise 

to the expansion of iron lattice. This may cause the 
reduction of energy gap of the nanocomposites 

[10]. 

 

3.3 X-RAY DIFFRACTION STUDIES 

 XRD analysis was used to examine the 

crystallographic structure of the pure PPy, PPy-
Fe3O4 (25-100%) nanocomposites and pure Fe3O4 

nPs to investigate the effect of the various amounts 

of Fe3O4 on the matrix of PPy which is shown in 

Fig.4. The X-ray diffraction patterns of pure PPy, 
PPy-Fe3O4 (25-100%) nanocomposites and pure 

Fe3O4 nPs are shown in Fig.4. For pure PPy, a broad 

diffraction peak appeared due to the parallel and 
perpendicular periodicity of the PPy chain. Average 

crystallite size, dislocation density and strain of 

pure PPy, PPy-Fe3O4 (25-100%) and pure Fe3O4 nPs 
were given in Table.3. The average crystallite sizes 

are 103 nm (PPy), 63nm (25% nC), 113nm (50% 

nC), 67nm (100% nC) and 117nm (Pure nPs). The 

peak intensity of the nCs was increased upon 
increasing the amount of Fe3O4 nPs which implies 

the significant interaction between Fe3O4 nPs, and 

PPy [11]. Owing to their nanosize, the diffraction 
peaks of Fe3O4 nPs are relatively broad in 

comparison with the bulk Fe3O4. It is clear from the 

Fig.4, the XRD pattern of nCs resemble as that of 
Fe3O4 nPs rather than PPy which indicates that the 

crystalline nature of nPs are unmodified even in the 

nCs. All the observed diffraction peaks are indexed 

by the cubic structure of Fe3O4 [12].  

 
 

Fig.4 X-Ray diffraction patterns of pure PPy (a), 

PPy-Fe3O4 nanocomposites (b, c, d) and pure 

Fe3O4 nPs (e) 

It is clear from the XRD patterns the nPs are 
encapsulated in the PPy matrix which is in good 

agreement with the FTIR and UV results.  

 

Peak No 
  

Pure PPy 
Column1 
Column2 

Crystallize 
size (nm) 

Strain 
Dislocation 

density 

1 114 0.0007 1.29*10-14 

2 91 0.0004 8.32*10-15 

Peak No 
  

PPy-Fe3O4 (25%) 
  
  

Crystallize 
size (nm) 

Strain 
Dislocation 

density 

1 68 0.0013 4.66*10-15 

2 35 0.0016 1.22*10-15 

3 70 0.0007 4.99*10-15 

4 60 0.0006 3.66*10-15 

5 72 0.0005 5.28*10-15 

6 63 0.0005 3.98*10-15 

7 76 0.0004 5.87*10-15 

8 66 0.0004 4.35*10-15 

Peak No 
  

PPy-Fe3O4 (50%) 
  
  

Crystallize 
size (nm) 

Strain 
Dislocation 

density 

1 113 0.0007 1.29*10-14 

2 115 0.0005 1.34*10-14 

3 117 0.0004 1.37*10-14 

4 60 0.0006 3.67*10-15 

5 120 0.0003 1.45*10-14 

6 125 0.0002 1.57*10-14 

7 127 0.0002 1.62*10-14 

8 131 0.0002 1.72*10-14 

Peak No 
  

PPy-Fe3O4 (100%) 
  
  

Crystallize 
size (nm) 

Strain 
Dislocation 

density 

1 68 0.0012 4.68*10-15 

2 58 0.001 3.40*10-15 

3 59 0.0008 3.50*10-15 

4 72 0.0005 5.20*10-15 

5 51 0.0007 2.70*10-15 

6 75 0.0004 5.69*10-15 

7 76 0.0004 5.88*10-15 

8 78 0.0003 6.22*10-15 

Peak No 
  

Pure Fe3O4  
  
  

Crystallize 
size (nm) 

Strain 
Dislocation 

density 

1 112 0.001 1.27*10-14 

2 87 0.0006 7.66*10-15 

3 117 0.0004 1.38*10-14 

4 120 0.0003 1.44*10-14 

5 120 0.0003 1.45*10-14 

6 125 0.0002 1.57*10-14 

7 127 0.0002 1.63*10-14 

8 131 0.0002 1.72*10-14 

 
Table.3 Crystallographic parameters of pure PPy,  

PPy-Fe3O4 nanocomposites and pure Fe3O4 nPs 
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3.4 THERMOGRAVIMETRIC ANALYSIS 
 Fig.5. shows the TGA spectrum of pure 

PPy, nCs and pure nPs in the temperature range of 

25 ºC to 500 ºC. In the case of PPy, the total weight 

loss of pure PPy is 70.22% which occurs in four 
stages. Among them, significant weight loss            

(-46.49%) is observed in the temperature range of 

50-130 ºC after which the weight stabilizes. The 
remaining three weight losses are -6.42%, -10.55%, 

and -6.76%.  

 

Table.4 TGA parameters of pure PPy, PPy-

Fe3O4 nanocomposites and pure Fe3O4 nPs 

In TGA spectrum of PPy-Fe3O4 nanocomposite (25%) 
there are four stages of weight loss such as -4.84, -5.71, 

-8.96 -17.46. Mass changes, residual mass, residual 

temperature of PPy-Fe3O4 (25-100%) nanocomposites 

and pure Fe3O4 nPs are shown in Table.4. The results 
reveal that the trend of PPy-Fe3O4 nanocomposite 

degradation is similar to Fe3O4. It can be seen that, the 

thermal degradation of PPy occurs at 275 ºC and the 
initial mass loss at lower temperature is mainly due to 

the release of either water (up to 125 ºC). Also, the 

weight loss occurring around 240 ºC is due to the 
removal of Fe3O4 and the weight loss occurring after 

350 ºC which may corresponds to the decomposition of 

the nanocomposite. 

In PPy-Fe3O4 nanocomposites the amount of 
decomposition is reduced because of a strong 

interaction at the interface of Fe3O4 nPs and PPy, 

which supports our claim. Finally, after the 
decomposition of the materials, the total residual mass 

of pure PPy and PPy-Fe3O4 (25-100%) are 29.78% 

63.03, 69.96, and 77.83% respectively. The noticeable 
difference is that the thermal decomposition of pure 

PPy starts at lower temperature than that in PPy-Fe3O4, 

which may be due to the strong interaction between 

PPy and Fe3O4 nPs. The coordination between iron and 
oxygen atom probably weakened and the inter chain 

interactions in PPy that help the thermal degradation of 

PPy. It is also evident from the XRD studies, where 
broad peak of PPy disappeared in the nanocomposites 

probably due to the interaction of PPy with Fe3O4 

resulting in the increased thermal stability.  

 

 
 

Fig.5 TGA spectra of pure PPy (a), PPy-Fe3O4 

nanocomposites (b, c, d) 

and pure Fe3O4 nPs (e) 
 

Thus, it can be again concluded that the interaction 

between PPy and Fe3O4 nPs probably weakens the inter 

chain interactions resulting in the increased stability for 

Pure PPy 

Mass 

Change 
Mass 

Residual 

Mass 

Residual 

Temp 

Stage: 1 -46.49 

29.78 497.7 
Stage: 2 -6.42 

Stage: 3 -10.55 

Stage: 4 -6.76 

PPy-Fe3O4 (25%) 

Mass 

Change 
Mass 

Residual 

Mass 

Residual 

Temp 

Stage: 1 -4.84 

63.03 497.6 
Stage: 2 -5.71 

Stage: 3 -8.96 

Stage: 4 -17.46 

PPy-Fe3O4 (50%) 

Mass 

Change 
Mass 

Residual 

Mass 

Residual 

Temp 

Stage: 1 -5.77 

69.96 497.8 
Stage: 2 -6.22 

Stage: 3 -5.46 

Stage: 4 -12.57 

PPy-Fe3O4 (100%) 

Mass 

Change 
Mass 

Residual 

Mass 

Residual 

Temp 

Stage: 1 -3.32 

77.83 497.8 
Stage: 2 -3.42 

Stage: 3 -6.53 

Stage: 4 -8.85 

Pure  Fe3O4 

Mass 

Change 
Mass 

Residual 

Mass 

Residual 

Temp 

Stage: 1 -2.36 

93.25 497.8 
Stage: 2 -1.82 

Stage: 3 -1.49 

Stage: 4 -1.08 
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thermo oxidative degradation as discussed. The 
thermal stability of PPy-Fe3O4 nanocomposites is 

increases due to the varying concentration of Fe3O4 

and the weight loss was decreased but the residual 

mass is increased at constant residual temperature 
[13]. 

 

3.5 DIFFERENTIAL SCANNING    

      CALORIMETRIC ANALYSIS 

 The DSC spectrum of pure PPy, PPy-Fe3O4 

nanocomposites and Fe3O4 nPs are as shown in 
Fig.6(a-e). From the Fig.6a, a broad endothermic 

peak centered at around 310 ºC. Additionally, a 

sharp exothermic peak appeared in the spectrum, 

exothermic peak was shown at 90 ºC, which is the 
complex peak and the area of this peak is 784.5J/g. 

The onset and endset temperature of the complex 

peak is 60 ºC, 110 ºC respectively; this is 
presumably due to the polymer decomposition [14]. 

The DSC spectrum of PPy-Fe3O4 nanocomposites 

(25-100%) and pure Fe3O4 are shown in Fig.6 (b-e).  

 

 
 

Fig: 6 (a) 

 

 
 

Fig: 6 (b) 

 

 

 

 

 
 

Fig: 6 (c) 

 

 
 

Fig: 6 (d) 

 

 
Fig: 6 (e) 

 

 
Fig.6a-6e DSC spectra of pure PPy (a), PPy-Fe3O4 

nanocomposites (b, c, d), pure Fe3O4 nPs (e) 
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From the DSC spectra of PPy-Fe3O4 

nanocomposites (25-100%), the position of the 

complex peaks is varying with respect to the 

loading amount of Fe3O4 nPs. In this connection, 

there are three complex peaks were observed for the 
nanocomposites (25%) such as 208 ˚C, 253˚C and 

372 ˚C. But in the second case (50%) and third case 

(100%) are the complex peaks is observed (218 ˚C). 
From these observations, the position of the 

complex peak is varying with the amount of Fe3O4 

nPs. Moreover, strictly saying the decompositions 
temperature is increased with the amount of Fe3O4 

nPs. The onset and endset temperature of the broad 

complex peak are 125 ºC and 279 ºC respectively. 

This indicates that there is a characteristics 
interaction of PPy with Fe3O4 nPs. Despite the 

degradation of PPy-Fe3O4 (25-100%) 

nanocomposites, the gradual enhancement of 
thermal stability of the polymer chain with 

increasing the loading amount of Fe3O4 nPs. The 

exothermic peak disappeared for pure Fe3O4 sample 
that there may be the absence of polymer chains 

[15]. 

 

3.6 MORPHOLOGY/ELEMENTAL     

      ANALYSIS 

The SEM images of the PPy-Fe3O4 nanocomposites 

are compared with the pure PPy and Fe3O4 nPs are 
shown in Fig.7. From the Fig.7 (a) it can be found 

that the grains are similar to the globular clusters 

granular particles and pure Fe3O4 was composed of 

some regular nanoparticles. The micrograph of 
PPy-Fe3O4 (25 wt%) reveals loose cotton like 

structures. But the micrographs are quite similar 

and Fe3O4 nPs are not very distinct in the 
nanocomposite, which confirms that the PPy has 

interaction on the surface of Fe3O4, as it is also 

evident from the FTIR analysis. However, it can be 
seen that, in the case of PPy-Fe3O4 some fibrous 

microstructures are formed, which may be due to 

the nucleation effect of Fe3O4. The light gray 

regions are seen in Fig.7 (b), (c) and (d) are 
comprised of individual platelets or small tactoids 

having few iron layer and the black regions are 

comprised of disordered, intercalated and partially 
exfoliated structures. All the nanocomposites 

exhibit nonuniform morphology, which consists of 

different types of nanophases. The observed 
nanostructured morphology of PPy significantly 

differs from PPy and Fe3O4 nPs. It can be seen that, 

the Fe3O4 nanoparticles aggregate a lot and the 

morphology is different. However, the morphology 
of PPy-Fe3O4 nanocomposites is significantly 

varying from the spherical Fe3O4 nPs and the pure 

PPy. It is clear that many PPy clusters and granular 
particles were coated onto the Fe3O4 nPs surfaces. 

The PPy-Fe3O4 nanocomposites with well-defined 

core-shell structure were obtained with the certain 
feeding ratio PPy-Fe3O4 (25%). However, the core-

shell morphology could not be found in the 

nanocomposites with the high PPy-Fe3O4 feeding 

ratios. This is probably due to the fact that the PPy 
being coated onto the Fe3O4 nPs and the core-shell nPs 

linking to each other with the excess PPy clusters. The 

smaller size may be more advantageous in the 
enhancement of the specific capacitance due to their 

higher surface areas. This is because that, the 

nanocomposites with small size can provide high 
electro active regions and short diffusion path, which is 

necessary for the effective access of the electrolyte to 

the electrode in both double-layer and redox 

mechanism [16]. 
 

 
 

Fig: 7(a)  
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Fig: 7(d) 

 

 
 

Fig: 7(e) 

 

Fig.7a-7e SEM images of pure PPy (a), PPy-

Fe3O4 nanocomposites (b, c,d),Pure Fe3O4 nPs (e) 
 

Fig.8 (a) shows the EDAX analysis of pure PPy, 

PPy-Fe3O4 (25-100%) nanocomposites and pure 
Fe3O4 nPs. The corresponding element contents are 

listed in Table.5. It is seen that C, O, S and Ni 

elements are detected in the PPy-Fe3O4 

nanocomposites, which indicates that Fe-ions have 
been doped into the PPy successfully. Fig.8 (b) 

illustrates the element weight (%) of C, O and S of 

pure PPy was 71.97%, 21.75% and 6.28%. The 
carbon contents in nanocomposite materials are 

decreased with increasing the amount of Fe3O4 nPs. 

On increasing Fe3O4 content with PPy matrix, the 
carbon and sulfur content was decreased while the 

iron and oxygen content were increasing in trend. 

From the above analysis, it can be seen that the 

Fe3O4 nPs are distributed uniformly in the matrix of 
PPy [17]. 

 

 
 

 

 

 

 
 

 
Fig.8 EDAX spectra of pure PPy (a), PPy-Fe3O4 
nanocomposites (b,c,d)and pure Fe3O4 nPs (e) 

 

 

 

Weight (%) 

Carbon Oxygen Sulfur Iron Total 

Pure 

PPy 
71.97 21.75 6.28 - 100 

PPy-

Fe3O4 

(25%) 

54.66 24.78 5.29 15.27 100 

PPy-

Fe3O4 

(50%) 

50.33 28.63 3.86 17.18 100 

PPy-

Fe3O4 

(100%) 

35.78 31.72 1.77 30.73 100 

Pure 

Fe3O4 
- 33.55 - 66.45 100 

 

Table.5 Element analysis data of pure PPy, PPy-
Fe3O4 nanocomposites and pure Fe3O4 nPs 
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4. CONCLUSION 
 The PPy-Fe3O4 nanocomposites were 

successfully synthesized using chemical 

polymerization and mechanical mixing method. FT-

IR spectral analysis of pure PPy, Fe3O4 nPs and 
PPy-Fe3O4 (25-100%) nanocomposite show the 

characteristics bands. From the results, it is also 

revealed that the uniform distribution of Fe3O4 nPs 
in the matrix, helped in the elimination of 

agglomeration. UV-visible spectral studies suggests 

that the π-π* transition of pure PPy and PPy-Fe3O4 
nanocomposites. The optical band gap value of 

PPy-Fe3O4 (50%) is increased, when we move from 

PPy-Fe3O4 (25 wt%) to PPy-Fe3O4 (50%), The 

lowest (1.47 eV) and the highest bandgap  (3.46 
eV) values were observed in PPy-Fe3O4 (25 wt%) 

and pure PPy (3.46 eV) respectively. The XRD 

analysis is carried out for pure PPy, Fe3O4 nPs and 
PPy-Fe3O4 (25-100 wt%) systematically. From the 

XRD analysis, the amorphous nature of pure PPy, 

and it is clearly seen with the crystallographic 
parameters were changed significantly for PPy-

Fe3O4 (25-100%) from pure Fe3O4 nPs. From the 

crystallite size calculations, one can inferred that 

the lowest (63 nm) and the highest (117 nm) 
average crystallite sizes are obtained for PPy-Fe3O4 

(25 wt%) and pure Fe3O4 nPs. But when we move 

from PPy-Fe3O4 (25 wt%) to PPy-Fe3O4 (50 wt%), 
the average crystallite size is increased which may 

due to the fact that the accumulation of Fe3O4 nPs 

in the matrix of PPy. The calculation of strain and 

dislocation density also suggests some 
crystallographic information in this report. From the 

thermal studies, it is clearly seen that, there are four 

stage of decomposition in all the cases. The residual 
mass of PPy-Fe3O4 is increased, when we move 

from PPy-Fe3O4 (25%) to PPy-Fe3O4 (100%). This 

suggests that, the increasing concentration of Fe3O4 

in the matrix of PPy, but the residual temperature is 

almost constant in all the cases. From DSC 

analysis, one can inferred that there is a gradual 

enhancement of thermal stability of PPy with 
increasing the loading amount of Fe3O4 nPs. This 

indicates that, there is an increase in agglomeration 

with increase in concentration of Fe3O4 particles.  
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