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INTRODUCTION

In the last few decades, polymer nanocomposites have
been an extensive area of research, due to their promising
application in the field of science and engineering [1]. The
conducting polymers such as polyaniline (PANI) has emerged
as promising candidate for many applications. The PANI was
found to be the most outstanding conducting polymer in the
recent time with extraordinary electrical conductive properties,
its higher stability and environment friendly make it suitable
for chemical sensors and biosensing applications [2]. PANI
was found to be suitable for covalent bond of the molecules
due to its active idealized oxidative form, that gives PANI
ability to form bond with other inorganic nanoparticles such
as nickel, cobalt and iron oxide nanoparticles [3]. Electro-
magnetic nanocomposites are promising materials for several
applications including electromagnetic radiation shielding,
microwave absorption, sensors and biosensors [4,5]. Recently,
electromagnetic nanocomposites has been prepared using
highly magnetic nanoparticles like nickel and cobalt for micro-
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wave absorption and electromagnetic shielding application,
but these nanoparticles are toxic and therefore cannot be used
for biomedical applications. Based on these findings our atten-
tion has move to iron oxide nanoparticles, which were found
to have three different polymorphic forms that include hematite
(α-Fe2O3), maghemate (γ-Fe2O3) and magnetite (Fe3O4).
Among them Fe3O4 nanoparticle is the most essentials candidate
due to its higher saturation magnetization and low resistivity
at microwave frequency, these make it suitable for many appli-
cation such as magnetic recorder, ferrofluid, magnetic imaging
resonance and soft magnetic materials [6,7]. Blending mag-
netic nanoparticles with conducting polymers has become a
promising and most considerable approach to achieve desired
modulated electromagnetic functional nanomaterials [8,9].
Tongyan et al. [10] published about the specific composites
hybrid with suitable dielectric properties using FexOy (24 nm)
blended with PANI, the composites results exhibit low electric
and magnetic properties, 10-5 to 10-1 Scm-1 and coercive force
of Hc = 0, respectively [11,12]. Many papers were reported
addressing the structure and properties of the composites
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materials, which are usually dependent on the preparation
method, shape, size of the particle and polymer-nanoparticles
interaction. Many researchers and industries developed diffe-
rent methods to prepare composites with required dielectric
properties [13,14], but until now precipitate magnetic nanopart-
icles were normally prepared in advance and then polymerized
together with suitable polymer to achieve desired dielectric
properties [15].

In the past few decades, conductive polyaniline (PANI)
certain quantity of magnetic nanoparticles such as Fe3O4 nano-
particles are investigated because of their suitable magnetic
properties, flexibility, high environmental stability, easy prepar-
ative method and efficient biocompatibility [16]. They have
high ability to be used in the biomedical industries, such as
for targeted drug delivery, hyperthermia treatment, cell separa-
tion, magnetic resonance imaging, sensitivity and selectivity
and the separation of biochemical products [17,18]. Further-
more, composites of PANI/Fe3O4 serve for many applications
that include, aptasensors, chips, a field-effect transistor (FET),
DNA and those has display high-performing sensing properties
toward target biological species [19,20]. The entire problem
associated with preparation of PANI/Fe3O4 nanocomposites
as well as their properties were carefully controlled through the
synthesis [21,22]. Until nowadays, where PANI nanotubes con-
tain different content of Fe3O4 nanoparticles have been studied
without any surfactant [23] and the product obtained by this
study exhibit ferromagnetic behaviour, with high saturation
magnetism [24] for different application such optoelectronic,
microwave absorption and biomedical application. Sol-gel
techniques are employed to synthesize PANI/Fe3O4 nanocom-
posites. The report indicated that the composites were agglo-
merated during the process gel became xerogel due to change
in temperature which confirms the composites exhibit super
paramagnetic properties by having saturation magnetization
of 86 emu/g for pure Fe3O4 nanoparticles which decrease with
variation nanoparticles in the composites [25]. PPy/Fe3O4 nano-
composites are synthesized through ultrasonic irradiation
method and the result showed the concentration of doping as
primary factor which varies the conductivities of PANI nano-
composites thereby, used for the development of electrochemical
sensor [26]. Furthermore, different synthesis method are used
to synthesize PANI/Fe3O4 nanocomposites. The analysis result
shows the variation in shape, size and the magnetite properties
of the composites, while the morphology and agglomerated
nature of the composites are due to homogenity and contineous
size distribution of the particles [27]. The morphological results
of PANI/Fe3O4 nanocomposites prepared via chemical co-preci-
pitation method showed that composites were agglomerated
with spherical shape and size [28].

In this work, the magnetite (Fe3O4) nanoparticles was
synthesized using chemical co-precipitation method. The preci-
pitate was then polymerized with aniline monomer through
assisted sol-gel method to obtain the solution of PANI/Fe3O4

nanocomposites with excellent dielectric properties. The diel-
ectric properties of the composites were studied using vibrating
sample magnetometer (VSM) and standard 4-point probe appa-
ratus while the morphology, structural pattern, chemical bonding
analysis were investigated using field emission scanning electron

microscope (FESEM), X-ray diffraction (XRD) and Fourier
transformation infrared spectra, respectively.

EXPERIMENTAL

Aniline was purchased from the Sigma Aldrich Chemical
industries and stored at temperature below 0 °C. The chemicals
were used as received without further purification such as
FeCl2·4H2O, FeCl3·6H2O, ammonium solution, hydrochloric
acid and ammonium persulfate (APS) and are used in the
preparation of PANI, Fe3O4 and PANI/Fe3O4 nanocomposites.

Fe3O4 nanoparticles preparation: The chemical co-preci-
pitation method is one of the most simplest chemical synthesis
methods which is used to prepare Fe3O4 nanoparticles as des-
cribed by Rajesh et al. [29]: 4.35 g of FeCl3·6H2O and 0.83 g of
FeCl2·4H2O were dispersed in 100 mL of distilled water under
magnet for 1 h at 60 °C. Subsequently followed by addition of
5 mL of ammonia solution in dropwise into the mixture, the
reaction was kept under magnetic stirrer for 0.5 h more at
70 ºC. Finally the precipitate was allowed to cool down at room
temperature and later was filtered, washed and dried in oven
at 50 °C for 24 h.

PANI/Fe3O4 nanocomposites preparation: The PANI/
Fe3O4 nanocomposites preparation was synthesized [30], 5,
15 and 25 wt % of the synthesized Fe3O4 nanoparticles was
dispersed in 10 mL of HCl and 2 mL of aniline monomer was
then added into the mixture to obtained emulsion of aniline/
Fe3O4 sol. Separately, 0.81 g of ammonium persulfate  dissol-
ved in 10 mL of HCl and then added in the above reaction of
aniline/Fe3O4 solution to obtain stable dark green precipitate
of PANI/Fe3O4 nanocomposites. After washing with water and
acetone the composites of PANI/Fe3O4 was then dissolved in
5 mL of chloroform to obtain soluble solution of PANI/Fe3O4

nanocomposites. In order to complete the process of gel forma-
tion, the above reaction was then dispersed into the solution
of TEOS in deionized water.

Characterization of composites: The synthesized PANI/
Fe3O4 nanocomposites was investigated using special equip-
ment as followed: in the first case, the dielectric properties of
the composites was studied using standard four-point probe
apparatus (Pro 4 Lucab Lab Mint SRC Malaysia) and vibrating
sample magnetometer (VSM, analyzer, Lakeshore 7400 series
model at room temperature), respectively, while the morphology,
structural pattern and chemical bonding analysis were studied
using field emission scanning electron microscope (FESEM,
JEOL-2010) equipped with an energy dispersive X-ray spectro-
scopy EDS, OXFORD X-MAX, energy 200 premium UK,
X-ray diffraction pattern (XRD, D8 FOCUS Bruker, Cu Kα
line λ = 0.154056 nm) and Fourier transformation infrared
spectra (FTIR Nicolite 60 SXB), respectively.

RESULTS AND DISCUSSION

FESEM image of PANI/Fe3O4 nanocomposites: The
morphology of the PANI and PANI/Fe3O4 nanoparticles are
investigated by FESEM and the results are shown in Fig. 1(a-b).
The structure of PANI containing different content of Fe3O4

nanoparticles (5, 10 and 25 wt %) was shown in the Fig. 1(b-d).
It was observed that the entire sample of PANI/Fe3O4 nano-
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composites shows the morphology of nanofiber with diameter
ranging from 60 to 100 nm, it was observed that the diameter
of the PANI/Fe3O4 nanocomposites was increasing over
addition of Fe3O4 nanoparticles as shown in Fig. 1 (b-d). In
the process of polymerization of the composites particles
showed that when the monomer of aniline was blended with
Fe3O4 nanoparticles then the monomer of aniline was able to
abort the nanoparticles through the process of electrostatic
between the materials [31]. These lead to Fe3O4 nanoparticles
to be coated on the surface of PANI matrix [32], further secon-
dary and primary growth was successfully been prevented
which normally arise during polymerization of the composites
materials, as result of Fe3O4 nanoparticles in the PANI can
easily be oxidized [33].

XRD result of PANI/Fe3O4 nanocomposites: The struc-
tural pattern of PANI/Fe3O4 nanocomposites and PANI particles
were studied using XRD and the result was plotted in Fig. 2.
The crystalline peaks appear at 2θ = 11.23°, 17.24°, 21.01°,
23.45°, 27.30°, 32.38°, 35.58°, 61.24°, 62.74°, 68.10° and
77.31° are assigned to (011), (101), (201), (112), (110), (121),
(311), (122), (411), (510) and (501) were due to the presence

of Fe3O4 nanoparticles in the composites. The highest intense
peak observed at 2θ = 35.58° indicate the presence of Fe3O4

nanoparticles, suggesting that this composite contain Fe3O4

nanoparticles. The broad peak that was observed at 2θ = 20-
30° in the amorphous pattern of the of PANI particles prepared
without Fe3O4 nanoparticles clearly shows the amorphous
structure of the sample. The peaks revealed in the PANI/Fe3O4

nanocomposites are due to presence of Fe3O4 nanoparticles in
the composites, suggesting that blending of PANI with Fe3O4

nanoparticles did not temper the crystalline structure of the
Fe3O4 nanoparticles [34]. The values of FWHM and d-spacing
of such peaks are tabulated in Table-1. The crystal structures
of the samples were determined by the powder X-ray diffrac-
tion technique, the crystalline sizes calculated are listed in
Table-1. These results indicated the structure of materials is
cubic and Fe3O4 nanoparticles were obtained. A similar result
was observed by Takai et al. [34] and Xiao et al. [35]. The
authors observed diffraction patterns of samples exhibited an
increase in the peak intensity and a decrease in the full width
at half-maximum (FWHM) and crystallite size increases due
to nanoparticles concentration.

Fig. 1. FESEM images of (a) PANI (b) 5 wt.% of PANI/Fe3O4 (c) 15 wt.% PANI/Fe3O4 and (d) 25 wt.% PANI/Fe3O4 nanocomposites
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Fig. 2. XRD results of PANI and PANI/Fe3O4 nanocomposites containing
(5, 15. 25 wt.%) of Fe3O4 nanoparticles

Furthermore, in the current research Scherer’s equation:

D
cos

κλ=
β θ (1)

was used to estimated the size of the Fe3O4 nanoparticles where
λ = 0.1504 nm is the wavelength of the X-ray, the shape factor
denoted by κ = 0.89, the diameter of the crystal D and θ is the
Bragg angle and β is the Full width at half maximum (FWHM).
Therefore, the crystalline peak appearing at 2θ = 35.57 indi-
cates the presence of Fe3O4 nanoparticles and was used to
calculate the size of the particles which was found to be 26.4,
33.6 and 38.8 nm with addition of Fe3O4 nanoparticles [36].

FTIR result of PANI/Fe3O4 nanocomposites: The chemical
bonding structure of the PANI and PANI/Fe3O4 nanocomposites
was investigated using FT-IR spectra and the result is shown
in the Fig. 3. The spectra of the pure PANI revealed a weak
peak at 3300 cm-1 which was due to presence of NH vibrating
stretching that is usually found in the PANI particles. These
regions provide absorption surface of hydrogen bond with
water molecule. While, some peaks observed at 1625 cm-1 and
869 cm-1 was assigned to the vibration stretching of PANI
matrix [37]. However, the structural peaks observed in the PANI/
Fe3O4 nanocomposites was measured and the study observed
some weak bands at 3336, 3300 and 3277 cm-1 are due to OH
and NH of the Fe3O4 nanoparticles and PANI particles that
allowed hydrogen bond formation between the two particles.
The peaks observed at 1625, 1076 and 869 cm-1 which are
assigned to C=C, C=N are due to vibrating mode of stretching
quinonoid (NH-θ-NH) of the covalent bond [38]. The peaks at
884 and 869 cm-1 were attributed to C-C, C-N vibrating stretching
modes of benzenoid ring of covalent bond. Furthermore, pre-
sence of Fe3O4 nanoparticles was detected by observing the
peaks at 504 and 526 cm-1, these shifting of peaks was due to
surface interaction of 3d orbital of the ferrite particle with

4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm )

–1

50

100

150

200

250

T
ra

ns
m

itt
a

nc
e 

(%
)

526

504

504

1026
1089

869

884

869

864
16251085

1026
1076

1625

1634

1697

1625

2889

2949

2949
3336

3277

3300

PANI/Fe O  10 wt %3 4

PANI

PANI/Fe O  5 wt %3 4

PANI/Fe O  25 wt %3 4

3300

Fig. 3. FT-IR analysis of PANI and PANI/Fe3O4 nanocomposites containing
(5, 15, 25 wt.%) of Fe3O4 nanoparticles

nitrogen atoms in the PANI which leads to the formation of
coordinate bond between the particles [39,40]. The Fe3O4 nano-
particles was coated on the PANI surface through the process
of hydrogen bonding usually between O-H group of magnetite
nanoparticles and N-H group of PANI particles, the bond of
PANI and Fe3O4 nanoparticles through hydroxyl group was
strongly confirmed by the FITR analysis [41,42].

Electrical conductivity result of PANI/Fe3O4 nanocom-
posites: The conductivity of PANI and PANI/Fe3O4 nanocom-
posites was studied using standard 4-point probe apparatus
and the result was plotted in the Fig. 4. The protonated PANI
particles without Fe3O4 nanoparticles was found to have higher
conductive values of 2.1× 101 S/cm while, the electrical con-
ductivity of the PANI/Fe3O4 nanocomposites was found to
decrease from 1.55 to 1.35 S/cm, the variation of the conduc-
tivity was probability due to insulating behaviour of the Fe3O4

nanoparticles thereby lowering the conductivity of the compo-
sites materials [43]. Hence the conductivity was decreasing
over addition of Fe3O4 nanoparticles in the matrix. Furthermore,
sol-gel assisted chemical polymerization of PANI particles with
different content of Fe3O4 nanoparticles shows good electrical
conductivity of the composites particles. The highest observable
electrical conductivity (1.55 S/cm) was found at 5 wt % content
of Fe3O4 nanoparticles, the movement of charge carriers in
the polymers enhance the electrical conductivity through charge
transfer between conducive electron in the PANI and 3d orbital
of ferrite particles, proving that there is higher inter-component
interaction with the matrix during polymerization which is
usually achieved through direct mixing [44].

Magnetic analysis of PANI/Fe3O4 nanocomposites: The
magnetic properties of the Fe3O4 nanoparticles and PANI/Fe3O4

nanocomposites was study using vibrating sample magneto-
meter (VSM) and Table-2 tabulates the result obtained after

TABLE-1 
STRUCTURAL PARAMETERS OF THE PREPARED PANI/Fe3O4 NANOPARTICLES DIFFERENT CONTENT OF Fe3O4 NANOPARTICLES 

Samples 2θ (°) FWHM d-spacing (Å) hkl Crystalline size (Å) 

PANI/Fe3O4 5 wt % 
PANI/Fe3O4 15 wt % 
PANI/Fe3O4 25 wt % 

35.58 
35.34 
35.56 

0.0149 
0.0723 
0.1723 

2.346 
3.84023 
2.346 

311 
311 
311 

26.40 
33.60 
38.80 
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Fig. 4. Conductivity result of PANI and PANI/Fe3O4 nanocomposites
containing (5, 15 and 25 wt %) of Fe3O4 nanoparticles

TABLE-2 
VARIATION OF SATURATION MAGNETIZATION  

WITH DIFFERENT CONTENT OF Fe3O4 NANOPARTICLES  
IN PANI/Fe3O4 NANOCOMPOSITES 

Content of 
Fe3O4 (wt %) 

Saturated 
magnetization 

(emn/g) 

Remnants 
magnetization 

(emn/g) 

Coercive force 
(emu/g) 

100 59.4 0 0 
5 5.96 0 0 
15 11.94 0 0 
25 15.43 0 0 

 
studying the magnetic properties of the composites materials.
In the process of analyzing the magnetic properties of Fe3O4

and PANI/Fe3O4 nanocomposites, the saturation magnetization
(Ms), coercive force (Hc) and remnant magnetization (Hr) were
found to be from 5.96 emu/g to 15.43 emu/g for (5, 15 and 25
wt.%) Fe3O4 nanoparticles content, indicating super paramag-
netic performance of the PANI/Fe3O4 nanocomposites, while
pure Fe3O4 nanoparticles had Ms value of 59.4 emu/g. Sugges-
ted that the saturation magnetization of the composites materials
were quite lower than that of Fe3O4 nanoparticles which is
probably due to non-magnetic nature of the PANI matrix [45].
In general, interaction between the polymer matrix and d-orbital
of ferrite particles was attributing to the electron with unpaired
spins thereby varies the saturation magnetization of the compo-
sites materials [46]. In another case, due to higher transfer of
charge carriers in PANI and Fe3O4 nanoparticles usually hinder
the magnetic performance of the composites. Hence, the varia-
tion of Ms of the composites was due to different interaction
within the inter-phase of the PANI/Fe3O4 nanocomposites
materials [47].

Conclusion

In summary, PANI nanostructure containing different content
of Fe3O4 nanoparticles was prepared via sol-gel technique. The
polymerization process occurred by subsequent addition of
APS/HCl into the emulsion of aniline/Fe3O4, while the gel was
formed when PANI/Fe3O4 nanocomposites were dispersed in
TEOS solution. The analysis result shows that the dielectric
properties of the composites materials study by VSM and 4-

point probe varies with variation of Fe3O4 nanoparticles in the
composites. The adjustable nature of electromagnetic proper-
ties of the composites can be used for many applications such
microwave absorption, chemical sensors, optoelectronics and
electromagnetic radiation. The XRD analysis revealed the
presence of Fe3O4 nanoparticles in the composites by shown the
peaks at 35.58° which was further supported by FTIR analysis.
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