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Abstract. Inorganic compound of iron oxide (Fe2O3) nanoparticles was combined with the conducting polymers, which
provides excellent modifications in chemical and physical properties. Therefore, the nanoparticles (NPs) of Fe2O3 synthesized by green combustion method, obtained iron oxide NPs of various quantity doped with polyaniline at 10, 30 and
50 wt%. Polymerization was conducted by in situ polymerization route with ammonium persulphate as an oxidizing agent
in aqueous hydrochloric acid solution under constant stirring at 5°C. Characterizations of synthesized samples were
carried through XRD analysis. The crystallite size 31 nm is found by using Debye–Scherrer relation, also the grain size is
employed to calculate dislocation density and micro strain (g) which is influenced on diffraction-line broadening. And
also, dielectric properties of the synthesized samples were studied as a function of frequency that shows the improved
interaction between iron oxide nanoparticles and polyaniline. These polymer nanocomposites owe potential applications
to the fields of optical, electrical and shielding materials.
Keywords.

1.

Inorganic compound; combustion; XRD; polymer nano-composites; AC conductivity.

Introduction

The well-known trend of conducting polymers, such as
aniline, pyrrole, thiophene are having promising applications. Since from few decades, polyaniline is used in various fields, such as electrochemistry, electronics, light
emitting diodes, optics, electro chromic displays, electromagnetic interference shielding and energy storage method.
Further, its preparation is ease, environmental stability is
good, low cost, low density, improved electronic properties
will give potential applications in electro catalysis,
rechargeable batteries, sensors and biosensors, etc. [1–5].
The addition of transition metal oxide nanoparticles with
polymers will give novel features of physical properties as
well as modification in structural, chemical and optical
properties significantly. Therefore, the present work thrown
a light towards iron oxide nanoparticles due to its
impending applications in technological importance, magnetic storage devices and ferro fluids [6–10]. As the
improvement in high dielectric constant polymer
nanocomposites has been a major contravention of integral
capacitor technology [11]. And the polymer nanocomposites of high dielectric constant are being constantly explored
by the electronics industries in response to the need for
power-ground decoupling to secure integrity of high-speed
signals with the reduced electromagnetic interference radiated noise [12,13].

So, we have carried out synthesis of Fe2O3 nanoparticles
by green combustion method, then, nanoparticles of ferric
oxide imparted with conducting polymer, such as polyaniline by chemical oxidative route with different weight
percentages of iron oxide nanoparticles [14].
Further, the synthesized samples were characterized
using XRD analysis. The dielectric measurements as frequency-dependent were carried out at room temperature for
samples of PANI and PANI/Fe2O3 nanocomposites at various contents, such as 10, 30 and 50% of Fe2O3
nanoparticles.

2.
2.1

Experimental
Materials and methods

Analytical grade monomer aniline, ammonium persulphate,
iron nitrate, acetone, distilled water, filter papers and aloe
vera leaves were taken.

2.2

Preparation of aloe vera solution

Freshly collected leaves of aloe vera plant were initially
washed multiple times by distilled water before taking out
the gel. It is collected in beaker then, again mixed with
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distilled water in the ratio of 1:2 then, it is kept on magnetic
stirrer to get homogeneous solution. Afterwards, it is filtered
using Whatman No. 1 filter paper. The filtrate solution was
collected in a closed container and stored in a refrigerator at
4°C for further use [15].

pellets of PANI/Fe2O3 nanocomposites were used for
dielectric measurements, such as capacitance, dissipation,
impedance and phase angle to study the electrical properties
on frequency-dependent at room temperature using the LCR
Q-meter (Keithely).

2.3 Preparation of Fe2O3 nanoparticles by green
synthesis method

3.

Nanoparticles of ferric oxide were prepared by ‘self-propagating low temperature combustion method’, employing
iron nitrate (Fe(NO3)26H2O) as a precursor and aloe vera
gel solution as a fuel. Iron nitrate substance of 2.14 g was
taken in a 300 ml beaker and aloe vera gel extract of 10 ml
was added and both were mixed together. Thus, obtained
solution was kept for stirring vigorously for a period of 40
min. The uniform mixture of both iron nitrate and fuel kept
at 450°C in pre-heated muffle furnace. The mixture boils
and evaporates to yield a final product of iron nanoparticles
with red colour [15–17].

2.4

Synthesis of PANI/Fe2O3 nanocomposites

The aniline monomer of 0.2 M was dissolved in de-ionized
water of 100 ml. The hydrochloric acid (HCl) solution of
0.2 M was added to the aniline solution in the ratio of 1:1,
resulting in aniline hydrochloride. The chemical solution
was taken in a beaker and placed on the magnetic stirrer and
0.4 M of ammonium peroxy disulphate (oxidizing agent)
solution in the ratio of 1:2 was added dropwise to the
solution. The solution colour changes to green within few
minutes. The chemical fusion was stirred continuously for
5 h at a temperature of 5°C and allowed to polymerize.
After 24 h, the precipitate was collected on Whatman filter
paper, the filtrate so obtained was then, washed out using
acetone three to four times to absorb the water molecules
and for elimination of some of the residual organic impurities. The precipitate was initially dried in an open-air
atmosphere for 2 h at room temperature and then, kept in
hot air oven at 70°C for 12 h and lastly gets a yield product
of PANI. Further PANI/Fe2O3 nanocomposites were synthesized by using the same procedure as explained in PANI
synthesis. The Fe2O3 NPs of 10 wt% concentration were
supplementary before adding oxidizing agent as ammonium
peroxy disulphate to the aniline solution. A similar procedure is used for the synthesis of other different weight
percentages of polymer nanocomposites, such as 10, 30 and
50 wt%. The prepared samples were used for characterizations. The PANI–nanocomposites powder of 350 mg was
weighed using a single pan balance, for preparation of
pellets by employing 3–4 tons of pressure using a pellet
making machine. Further, silver paste was coated on both
the surfaces of pellets for providing good electrical contact
between them, so that it acts like a capacitor. The prepared

Results and discussion

3.1

XRD analysis

XRD analysis is used to study the nature of crystallinity of
the synthesized sample and for calculating the crystallite
size. We have done XRD using the powder method for
PANI, Fe2O3 NPs and PANI/Fe2O3 nanocomposites. The
patterns of XRD were recorded in terms of 2h in the range
of 10–80° with a step size of 4°. Figure 1a shows the XRD
pattern of PANI and its characteristic broad peak occurred
at 25.50°, which evidences the amorphous behaviour of
synthesized PANI [22].
Figure 1b shows the XRD pattern of Fe2O3 nanoparticles,
the peaks occurred at the angles of 33.25, 35.71, 43.04,
54.45, 57.04, 63 and 71.63°, are the characteristic peaks of
Fe2O3 NPs which are highly intense. The sharp peaks of
XRD, clearly infer the crystalline nature of nanocomposites.
The (hkl) values of the planes are (014), (110), (113), (116),
(018), (214) and (101) for the prepared nanoparticles of
Fe2O3 [18]. The crystallite size of 31 nm is calculated by
using Debye–Scherrer formula (1) data given in table 1.
D¼

kk
:
b cos h

ð1Þ

Figure 1. X-ray diffraction patterns for (a) PANI, (b) Fe2O3 and
(c, d, e) PANI/Fe2O3 nanocomposites.
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XRD pattern analysis used to calculate crystallite size by using FWHM and 2h values.

Peaks

(hkl) plane values

2h (°)

FWHM (b)

Particle size (D) nm

Peak
Peak
Peak
Peak
Peak

(104)
(110)
(116)
(018)
(214)

30.2
35.7
54.0
57.4
63.0

0.712
0.527
0.548
0.544
0.686

29.89
31.52
30.88
31.85
30.95

1
2
3
4
5

Figure 1c, d, e also shows the XRD peaks occurred at
2h = 33.25, 35.71, 63.04, 54.04, 57.45, 63 and 71.63°
with the planes (014), (110), (113), (116), (018), (214)
and (101) for PANI/Fe2O3 nanocomposites of 10, 30 and
50 wt%. It is noteworthy that the XRD peak of PANI
disappeared for higher nanocomposites structure. The
shift of PANI peak in nanocomposites is observed due to
the doping of Fe2O3 NPs in polymer PANI which also
reduce the PANI peak in nanocomposites, since it is
evidenced due to the formation of nanocomposites from
XRD pattern analysis [19]. The peaks grown for PANI/
Fe2O3 nanocomposites were similar to the Fe2O3 NPs
peaks confirming the type of a-Fe2O3 crystal structure
[20]. The patterns of XRD shows the existence of two
different phases i.e., PANI and Fe2O3, supporting the
formation of PANI/Fe2O3 nanocomposite and also it is
noticed that as wt% of Fe2O3 NPs increases in polyaniline, the intensity of Fe2O3 NPs increases where as PANI
is disappearing in 50 wt%. These characteristic peaks
reveal the semi-crystalline nature of PANI/Fe2O3
nanocomposites.
3.2

Dislocation density

The dislocation density was calculated from the grain size
using the following equation:
d ¼ 1=D2 :

Micro strain of Fe2O3

3.3

The analysis of grain size from diffraction peak width will
result in the micro strain and the major parameters to
influence diffraction-line broadening are particle size, micro
strain and instrumental factors.
Earlier, we used proposed theory of diffraction-line
broadening for a deformed metal to analyse the high-pressure data. How the line width depends on micro strain and
grain size is expressed by Jing Yang et al [21].
ð2xhkl cos hhkl Þ2 ¼ ðk=d Þ2 þ g2hkl sin2 hhkl ;

ð3Þ

where 2xhkl is the FWHM corrected for instrumental effects.
Instrumental broadening can be measured using a stress-free
sample with a known grain size, but here, instrumental
broadening was corrected using the diffraction pattern of the
sample under the bare minimum pressure. And in equation (3),
k is the wavelength of X-ray, hhkl is the Bragg angle, d is the
grain size of the crystallites and ghkl is the micro strain.
The plot drawn with (2xhkl cos hhkl)2 vs. sin2 hhkl which
is the micro strain (g). Also, by using the intercept value
from the plotted graph, we can confirm wavelength (k) and
crystallite size (d). Figure 2 shows the typical plots which
can be fitted with a linear function. The diffraction-line
patterns from the samples reveal broadening under nonhydrostatic compression. The line widths are calculated by
plotting (2xhkl cos hhkl)2 vs. sin2 hhkl.

ð2Þ
Material

The dislocation density of different wt% of polymer
nanocomposites is given in table 2.

Table 2. The grain size and dislocation density calculated for
PANI/Fe2O3 nanocomposites.
wt% of material

Grain size (nm)

Dislocation density
(kg m-3)

PANI/Fe2O3 10%
PANI/Fe2O3 30%
PANI/Fe2O3 50%

11.30
13.16
16.54

0.00738
0.00557
0.00382

Fe2O3

Intercept (c)

Micro strain (g) (slope)

0.32232

0.01317

4.

Dielectric properties

4.1

Dielectric constant

Dielectric constant and dielectric loss as functions of frequency for PANI and nanocomposites were studied at room
temperature. The measured values of capacitance for PANI
and PANI/Fe2O3 nanocomposites of 10, 30, 50 wt% were
used to find dielectric parameters by using equation (4).
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Further, for higher frequency region, dielectric constant
remains almost constant, it depicts independent of frequency because of electrical relaxation process. It is also
noticed that for PANI/Fe2O3 nanocomposite at 10 wt%, the
dielectric constant is very high as compared to PANI and
other nanocomposites, this is due to electric dipoles which
have sufficient time to align with the field before the field
changes its direction. This type of very high increase in
dielectric constant could be attributed to high packing
density of iron oxide NPs in polyaniline matrix [23]. The
shorter time available for the dipoles to align because of
which dielectric constant decreases [24] and the dielectric
loss e00 decreases due to the migration of ions in the material. And the minimum values of the dielectric losses suggest PANI/Fe2O3 nanocomposite to be good shielding
material [25].

Figure 2. Variation of (2xhkl cos hhkl)2 vs. sin2 hhkl for Fe2O3
nanoparticles.

cd
e ¼ 0 :
e A
0

ð4Þ

The variation of dielectric constant with frequency is
shown in figure 3a ranging from 50 Hz–35 MHz. The
dielectric constants of PANI and polymer nanocomposites
of 10, 30, 50 wt% decreased as frequency increased up to
3.5 MHz. The decrease in dielectric constant due to the
presence of hydrogen atoms in the polymer in a highly
reduced state, reveals that polarization dielectric might have
been lost. These hydrogen atoms could participate in the
partial reduction of Fe3? ions of Fe2O3 particles consequently, reduction of Fe3? ions might have increased at a
higher frequency, which would also contribute to a decrease
in dielectric constant [22].
(a)

4.2

AC conductivity

AC conductivity is studied as dependence of frequency for
polyaniline and PANI/Fe2O3 nanocomposites of various
weight percentages at room temperature and is determined
by using the dielectric data employing the following equation (5).
rAC ¼ e0 e0 x tan d:

ð5Þ

Figure 3b shows the electrical conductivity of pure PANI
and 10, 30, 50 wt% of Fe2O3 in polymer nanocomposites. It is
observed that the AC conductivity (rAC) remains constant up
to 5.75 MHz subsequently, it increased for higher frequencies
and it also increases with increasing Fe2O3 NPs content in
PANI matrix. And the increase in conductivity with Fe2O3
contents could be attributed due to alignment and straightening of PANI chains on the surface of Fe2O3 particles [26].
(b)
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Figure 3. Variations in (a) dielectric constant and (b) AC conductivity with frequency for PANI and PANI/Fe2O3 nanocomposites.
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At 50 wt% nanocomposite shows linear increase in the AC
conductivity. This may be due to greater freedom of movement in the dipole molecular chains within the polyaniline at
higher frequencies. Because of dipole polarization, 10 and 30
wt% of PANI/Fe2O3 nanocomposites’ conductivity value is
low. These actions of the nanocomposites may be due to the
variation in the dispersion of iron oxide nanoparticles in
PANI matrix.
5.

Conclusions

The nanoparticles of iron oxide were synthesized by green
route; further, the NPs were added to polyaniline by in situ
polymerization method successfully. The samples were
characterized by using XRD and electrical properties. The
XRD patterns analysis depicted the presence of two different
phases of PANI and Fe2O3, supporting the formation of
PANI/Fe2O3 nanocomposites and the size of crystallite for
Fe2O3 NPs found to be 31 nm range which is also used to
calculate the dislocation density, micro strain (g) of different
wt% of NCPs to analyse the grain size from diffraction peak
width will result in the micro strain and the major parameters
to influence diffraction-line broadening are particle size and
micro strain. The electrical conductivity influences due to the
presence of iron oxide nanoparticles in the polyaniline
matrix. And further, it is observed that the dielectric constant
is high for 30 wt% of PANI/Fe2O3 with low dielectric loss.
Because of conductivity, these nanocomposites may find
potential application in microwave frequencies as absorbing
and shielding materials.
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