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ABSTRACT Materials at nano dimention in polymer dispersion constitute conventionally filled polymer enhances the 
material science and technology. Dispersion of nano magnetic material (γ-Fe2O3) in to Polyaniline ( PANI) 

matrix composite (γ-Fe2O3 –PANI) were prepared by employing interfacial polymerisation. Ammonium persulphate is used as an 
oxidising agent for oxidation of aniline with gamma iron oxide. The simultaneous oxide addition and aniline polymerisation process 
leads to the complete composite polymer. Crystallinity of the prepared composite were well studied by X-ray diffraction (XRD), bond-
ing by infrared (IR) and morphological images of composite is viewed by scanning electron micrograph (SEM) tool respectively. Ther-
mogravimetric (TGA) and differential (DTA) analysis were carried out to know thermal stability of the (γ-Fe2O3 –PANI) composite. 

 Y-Fe2O3 Dispersed Polyaniline 
Nanocomposite

1.0	Introduction
Polymer nanocomposite materials represent a new alterna-
tive to conventionally nanoscopic inorganic materials filled 
polymers [1-2]. Filler dispersion nanocomposites exhibit 
markedly improved properties when compared to the pure 
polymers or their traditional composites, because of their 
nanometer sizes [3-4]. Properties include increased modulus 
and strength; outstanding barrier properties improved sol-
vent, heat resistance and decreased flammability. Researcher 
have attempted to enhance the desired properties of Polymer 
nanocopmosites and, thus to extend their utility by reinforc-
ing them with nanoscale materials to drive improved proper-
ties compared with to the more conventional particulate-filled 
microcomposites [5-6].

Polymer nanocomposites, also presently known as nanostruc-
ture materials, are materials in which nanoscopic inorganic 
particle, typically 10-100nm in at least one dimension, are dis-
persed in an organic polymer matrix in order to dramatically 
improve the performance properties of the polymer [7]. Nano-
composite materials based on nanosized inorganic materials 
have been of great interest to researchers due to their applica-
tions [8-9]. Metal oxides dispersed polymer nanocomposites 
have been extensively studied since they exhibit interesting 
properties with many applications such as quantum electronic 
devices, magnetic recording materials, sensors, capacitors, 
smart windows, toners in photocopying, conducting paints 
and rechargeable batteries [10-14]. These composites are of-
ten prepared by dispersing nanomaterials in a non-conducting 
polymer matrix [15]. The present investigation is the gamma 
iron oxide dispersed PANI nanocomposite material, which is 
prepared by insitu polymerization of aniline. The as prepared 
composite were characterized by different characterization 
techniques and thermal and electrical study of the PANI com-
posite is under taken.

2.0.Experimental
2.1 Materials, Methods 
All chemicals used in the experiment are of AR grade. Insitu po-
lymerization method is adopted for the synthesis of PANI com-
posite. 

2.2. Preparation of γ-Fe2O3-polyaniline nano composite 
powder (γ-Fe2O3 –PANI)
Insitu polymerization method adopted for the preparation of 
γ-Fe2O3 dispersed polyaniline composites film. The prepara-
tive procedure follows; 10 g of aniline was dissolved in 100 ml 
of distilled water and is acidified with hydrochloric acid (10 
ml) and 0.1g of γ-Fe2O3 was added to the same and then thor-
oughly stirred. The solution was cooled under ice water to 0 0C. 
Add 12 ml 1M (NH4)2S2O8 to the reaction mixture, which was 
stirred for 30 minutes and allowed to stand for a further period 
of 60 minutes. The resultant product obtained was filtered out, 
washed thoroughly with water, and dried until constant weight 

at 40 0C. Figure 2.6.shows optical image of as prepared 
iron oxide dispersed polyaniline composite. This image 
shows the dispersion of oxide particles in to the polyani-
line. 

 2.3.Characterization
The powder X-ray diffraction pattern of cobalt oxide and PMMA-
Co3O4 nanocomposite film was obtained from GEOL JDX-8P X-
ray diffractometer using CoKα radiation. The morphology of the 
nanocomposite film was obtained from Leica Cambridge-440 
scanning electron microscope. nanocomposite material was re-
corded on a Perkin-Elmer FTIR spectrometer [model 100] in the 
range 3000-300cm-1. The thermal traces were obtained from 
Perkin-Elmer instrument.

2.4.Preparation of the pellets
The powders were crushed and ground finely. A few drops of 
polyvinyl alcohol (PVA) binder was added to the powder and 
pressed into pellets of 12 mm diameter and 1-2 mm thickness 
for conductivity and dielectric measurements by applying a 
pressure of 70 MPa. For the thermal expansion studies of the 
powder polymer, the pellet size was 8 mm diameter and 8-12 
mm thick (length). The binder burn off was carried out by a 
slow heating at a rate of 3 K/minute to 373 K, soaking time be-
ing an hour.

3.0.Results and Discussion
3.1. X-ray diffraction 
Figure 1 (a-b) shows the X-ray diffraction pattern of pure PANI 
and γ-Fe2O3 -PANI, respectively. Pure PANI shows the broad 
peak at about 2θ value about 27oC is the characteristic peak 
of PANI. This is ascribed to the periodicity in parallel and per-
pendicular directions of the polymer chain. The highly intense 
peaks are observed in the composite pattern are due to the 
presence of γ-Fe2O3 and are indexed in the composite pat-
tern as given in the figure 1(b). The indexed peaks (311) and 
(400) and (440) belongs to γ-Fe2O3 (Peaks matches well with 
JCPDS in the γ-Fe2O3–PANI composite) reflects the composite 
formation with development of crystallinity in the PANI matrix. 
From these XRD results one may conclude that, the addition of 
γ-Fe2O3 into the polymer matrix results in the decrease in de-
gree of crystallinity of γ-Fe2O3 .

 3.2.SEM study
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Figure 1: XRD pattern of  a) pure PANI  b) γ-Fe2O3-PANI com-
posite 

Figure 2 (a-b) shows the SEM images of as prepared PANI and 
γ-Fe2O3-PANI composite respectively. Pure PANI shows less 
crystalline nature due to particle aglomaration in the image. 
However, composite shows the presence of some fibrous mor-
phology is seen on the particle surface when PANI content in 
the composite is high and this fibrous nature on decreases with 
increase in γ-Fe2O3 wt %. Figure 2(b) shows globular structure 
due to compact and irregular morphology confirms the forma-
tion of composite. This nature for decrease in fibrous nature 
can arise from the fact that γ-Fe2O3 particles of their nanosize 
and high surface area possibly act as sites for polymerisation 
process. During polymerisation one end of the polymer gets an-
chored on the γ-Fe2O3 particles and other was the growing end, 
which could project extensively out of the surface.

 

Figure-2: SEM image of a) pure PANI b) -Fe2O3-PANI com-
posite

3.3. Infrared Study
The infrared spectra of the polyaniline and γ-Fe2O3 dispersed 
polyaniline composite are shown in Figure 3(a-b). The intensi-
ties of some of the peaks, for example, 1743, 1537, 1291, 1238, 
1022 and 822 cm-1, are affected by the presence of γ-Fe2O3 
during PANI synthesis. These differences in the IR spectra can 

be explained on the basis of constrained growth and restricted 
modes of vibration in the PANI grown in presence of γ-Fe2O3. In 
such case, the aniline monomer gets adsorbed on the particles 
which were dispersed in the reaction mixture and polymeriza-
tion proceeds initially on the surface when (NH4)2S2O8 was 

added to the solution. This leads to adhesion of the polymer 
to γ-Fe2O3 particles and the constrained growth around these 
particles. Such adsorption and constrained motion of the chains 
leads to differences in IR spectra.

Figure- 3: FTIR of  a) pure PANI  b) γ-Fe2O3-PANI composite

3.4. Dielectric constant
Figure 4(a-b) shows the variation of dielectric constant (ε’) with 
respect to frequency (102 to 107 kHz) of pure polyaniline and 
gamma- polyaniline composite respectively. PANI shows a steep 
decrease from the initial value of 18 at 102 Hz to 5 at 104 Hz and 
thereafter the ε’, remains constant. The decrease in ε’, is more 
sharp from 2.5 * 102 to 103 Hz and thereafter the decrease in 
ε’, is quite slow. The dielectric loss (tan δ) also similar trend in 
the initial loss of 8 and goes steeply to 0 at 107 Hz. These values 
of ε’, and tan δ, are in general agreement with the chemically 
synthesized non-conducting PANI sample.

Figure-4: Dielectric constant of a) Pure PANI  b) γ Fe2O3-PANI 
composite

To understand the dielectric behavior of the γ-Fe2O3-PANI com-
posites, the variation of ε’, with respect to frequency and varia-
tion of tan δ, with respect to frequency is undertaken. In Figure 
4(b) the ε’, value falls sharply from 3500 at 102 Hz to 200 at 103 
Hz. Thereafter the ε’, values remains almost constant. The tan δ, 
shows an initial value of 3 at 102 Hz and is constant upto 103 
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Hz thereafter the fall in tan δ, is a slow and steady process and 
reaches 0 at 107 Hz. 

3.5. Thermal analysis 
 The thermogravimetric analysis (TGA) and differential thermal 
analysis (DTA) with heating rate 10 0C/min and under static air 
atmosphere are carried out for PANI and γ-Fe2O3 - polyaniline 
composite sample, and the thermal trace is shown in Figure 
5(a-b). The TGA/DTA data for pure polyaniline shows that the 
decomposition temperature 370 °C, In addition to that the DTA 
plot shows another additional feature (small hump before de-
composition), which corresponds to the γ → α phase transition. 
When the wt % of γ-Fe2O3 increases this feature remains unal-
tered, and the decomposition temperature shifts towards high-
er value. The composite trace shows that the initial weight loss 
on the TGA trace and the endothermic peak on the DTA trace 
are due to the loss of moisture present in the sample. The con-
tinuous weight loss on the TGA trace and the broad exothermic 
peak on the DTA trace are due to decomposition of the polymer. 
Besides, the DTA trace shows another additional feature (small 
hump before decomposition), corresponding to the γ → α phase 
transition. When the wt % of γ-Fe2O3 increases this feature 
remains unaltered, and the decomposition temperature shifts 
towards higher value. 

The differential scanning calorimetry (DSC) analysis with heat-
ing rates of 10 0C/min and under nitrogen atmosphere are car-
ried out for γ-Fe2O3 -PANI sample, and its trace is shown in 
Figure 5(c). Composite trace shows presence of two widely sep-
arated endothermic peaks one at 250 0C and another above 330 
0C. The second endothermic peak would correspond to decom-
position of the polymer. The first endothermic peak would then 
correspond to a phase transition possibly a γ → α transition. 
Our statement of the γ → α transition preceding the polymer 
decomposition was further substantiated from the DSC traces 
by observing the shifts in the shoulder. As the γ-Fe2O3

Figure 5(b) TGA/DTA trace of γ-Fe2O3-PANI composite

Figure-5(c): DSC trace of  γ -Fe2O3-PANI composite

content goes on increasing the shoulder peak gets more pro-
nounced and finally separated. Hence, from these observations, 
it is understood that formation of α-Fe2O3 aids in the decom-
position of PANI and that the γ-Fe2O3 stabilized the PANI com-
posite. 

3.6. Electrical Conductivity 
Figure 6 shows electrical conductivity of γ-Fe2O3 –PANI com-
posite. The room temperature conductivity values are of 10-5S/
cm. Initially conductivity of the sample increases slowly up to 
80oC and again increases up to 160oC. This is due to the loss 
of water molecules, then exponential increase with increase in 
temperature. 

Figure-6: conductivity study of -Fe2O3-PANI composite

CONCLUSION
Cobalt oxide dispersed poly (methyl methacrylate) composite 
film was prepared by a simple solvent casting method. The de-
velopment of crystallinity in PMMA is due to incorporation of 
cobalt oxides in to PMMA matrix. Presence of cobalt oxide par-
ticles in the PMMA matrix changes the morphology of the pure 
PMMA. Additional reflections and shifted frequencies in the 
FTIR spectrum confirm the presence the composite formation. 
Thermal study concludes the increase in thermal behavior of 
the polymer composite compared to its pure polymer.
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