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ABSTRACT: The conducting polymer (PANI / ZnFe2O4) composites were synthesized by single step in situ polymerization technique by 

placing finely grinded powder of ZnFe2O4 during the polymerization of aniline. The formation of mixed phases of the polymer together with 

the conducting emeraldine salt phase was confirmed by spectroscopic techniques like X-Ray diffraction (XRD), Infrared (IR) spectra & 

Scanning Electron Microscopy (SEM) images indicated a systematic morphological variation of particles aggregated in the composite matrix 

as compared to the PANI. AC conductivity of these composites were investigated in the frequency range 100 Hz to 1MHz. It is found that AC 

conductivity obeyed the variation of conductivity with wt% of ZnFe2O4 could be related to conductivity relaxation phenomenon.  
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1. INTRODUCTION: 

           Conducting polymers have become the foci of interest in materials science because of their specific electronic properties, which can be 

tailored via synthetic organic chemistry. The resulting electronic system has in general either quasi-one or two dimensional character, resulting in 

a specific electronic conduction ranging from insulating semi conducting to highly conducting phase. The multiplicity of intra and intermolecular 

vibrational modes in conjugated polymers are the key for the many exciting properties, leading to numerous technological applications, such as 

active electrode materials in energy storage [1]. Optoelectronic devices [2, 3], display devices [4, 5], corrosion inhibitors [6, 7], controller of 

electromagnetic radiations and electrostatic charge [8, 11]. 

The electrical transport in polymeric materials [12, 13] has become an area of increasing interest in research because of the fact that these 

materials have great potential for solid state devices. Similarly, conducting polymer composites attracted considerable interest in recent years 

because of their numerous applications in variety of electric and electronic devices. Conducting polymer composites with some suitable 

compositions of one or more insulating materials led to desirable properties [14-17]. These materials are especially important owing to their 

bridging role between the world of conducting polymers and that of nano particles. For applications of conducting polymers, knowing how these 

conducting polymer composite will affect the behavior in an electric field is a long-standing problem and is of great importance. The discovery 

of doping in conducting polymers has led to further dramatic increase in the conductivity of such conjugated polymers to values as high as 10
5
 

Scm
-1

. 

Among all conducting polymers, Polyaniline (PANI) achieved widespread importance because of its unique conduction mechanism and 

environment stability. The survey of literature reveals that the detailed conductivity studies on PANI/ ZnFe2O4 are scarce. In the present study, 

PANI and PANI/ ZnFe2O4 composite have been synthesized and the ac conductivity of these samples are measured and studied. 

 

2. EXPERIMENTAL: 

All Chemicals used are analytical grade (AR) and were procured, used as received. The monomer aniline was doubly distilled prior to 

use. Synthesis of Polyaniline / ZnFe2O4 composites has been carried out by single step in situ polymerization technique. 0.1 mole of aniline was 

dissolved in 1 mole of Hydrochloric acid to form aniline hydrochloride.  Finely grinded powder of ZnFe2O4 is added in the weight percent of 5, 

10, 15, 20 and 25 to the above solution with vigorous stirring to keep ZnFe2O4 suspended in the solution.  The precipitated powder was 

recovered, vacuum filtered and washed with deionized water. Finally, the resultant precipitate was dried in an oven for 24 hrs to achieve constant 

weight. In this way, five different PANI / ZnFe2O4 composites with different weight of ZnFe2O4 (5, 10, 15, 20 & 25 wt%) in PANI have been 

synthesized. The pellets of 10 mm diameter are formed with thickness varying up to 2 mm by applying pressure of 10 Tons in a UTM – 40 (40 

Ton Universal testing machine). For conductivity measurement, the pellets are coated with silver paste on either side of the surfaces. The 

characterization studies are employed on all the above synthesized PANI / ZnFe2O4 composites to confirm the presence of ZnFe2O4 in PANI, The 

frequency dependent AC conductivity of Polyaniline / ZnFe2O4 composites are studied in the frequency range 100 Hz to 1 MHz at room 

temperature using Hioki impedance analyzer, model 3532-50 (JAPAN) programmable LCR meter. In this experiment, five different samples of 

each composite varying in their weight percentage are investigated for their frequency dependent conductivity. 

 

3. RESULTS AND DISCUSSIONS: 

 SEM technique is applied primarily for the visualization of the sample surfaces, especially for the study of surface morphology, 

domains, pin hole defects and patterns. The images are formed by the interaction of electrons with samples in vacuum.   

 

3.1 Polyaniline and Polyaniline / ZnFe2O4 composites: 

Figure 3.1(a) shows that Scanning Electronic Micrograph (SEM) image of pure Polyaniline. The highly agglomerated granular in shape 

and has amorphous nature is found. The average grain size is found to be 2 to 4µm. The grains are well interconnected with each other indicating 

that they have enough binding energy to combine with neighbors grains or molecules. 
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Figure 3.1: show the SEM image of PANI and PANI/ZnFe2O4 composites of different  

weight percentage (5, 10, 15, 20 and 25 wt%) 

 

Figure 3.1(b) shows the Scanning Electron Micrograph of 5 wt. % of PANI/ZnFe2O4 composite where highly agglomerated cube like 

structure are seen. The crystallinity of the ZnFe2O4 decreases with the addition of PANI in it. It is found that zinc ferrite particles were 

homogeneously distributed throughout polyaniline matrix. The average grain size is found to be 600 nm. PANI/ZnFe2O4 composite of 10 wt. % 

is shown in Figure 3.1(c). The composite is highly clustered, spherical in shape and have interlinked to each other. The decrease in the inter-

granular distance between the grains helps in charge transfer mechanism. The average grain size is found to be 1.5µm. Figure 3.1(d) show the 15 

wt. % of PANI/ZnFe2O4 composite. The images shows a highly crystalline granular flake like networking structure arranged in soccer shape and 

is well interlinked between each other. The average grain size is found to be 230 nm to 340 nm. Figure 3.1(e) show that the 20 wt. % of 

PANI/ZnFe2O4 composite which is highly agglomerated and spherical in shape of about 0.5µm in granular size. PANI/ZnFe2O4 composite of 25 

wt. % is shown in Figure 3.1(f).  It is clearly seen that the ferrites particles are not well bonded with the polyaniline due to increasing in the 

percolation limit to the ratio of filler concentration of the matrix. From the Figure 3.1(a) to 3.1(f), it is found that, there is lots of change in the 

morphology of various wt% of ZnFe2O4 in PANI matrix’s. The changes in the morphology were favorable for the transport mechanism in PANI / 

ZnFe2O4 composites [17-18]. 

3.2 Zinc ferrite and Polyaniline / ZnFe2O4 composites:  

Figure 3.2 Shows X-ray diffraction pattern of Polyaniline. Careful analysis of X-ray diffraction of polyaniline suggests that it has 

amorphous nature with a broad peak centered on 2  26.40
0
.        Figure 3.3 shows the X-ray diffraction (XRD) patterns of the samples calcined 

at temperatures in the range of 300
0
C. At 300

0
C, in figure, the formation of a spinel crystal structure has been noted on the basis of diffraction 

peaks corresponding to Miller indices of (220) and (311), showing the presence of spinel phases of Fe3O4, γ-Fe2O3 and Zn-ferrite, not 

distinguishable by XRD. Figure 3.4 shows the X-ray diffraction pattern of Polyaniline – ZnFe2O4 composite with 50 wt % of ZnFe2O4 in 

polyaniline. It is seen from figure that the peak of ZnFe2O4 indicates the crystalline nature of the composite. By comparing the XRD patterns of 

the composite and PANI, it is confirmed that ZnFe2O4 (JCPDS 06-0696) has retained its structure even though it is dispersed in PANI during 

polymerization reaction [22]. 

(a) (b) 

(c) (d) 

(e) 
(f) 
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Figure 3.2: X-ray diffraction pattern of polyaniline 

0 20 40 60 80 100

0

200

400

600

800

1000

1200

Int
en

sit
y

2 (degree)

ZnFe
2
O

4

 

 

 
              Figure 3.3: X-ray diffraction pattern of ZnFe2O4 composite 

 
             Figure 3.4:  X-ray diffraction pattern of Polyaniline – ZnFe2O4 composite 

 

Figure 3.5 (a) shows the FTIR spectra for pure Polyaniline. The characteristic absorption peaks are found to be at 2922 cm
-1

 is due to 

the C-H stretching, 1566 cm
-1

 corresponds to  C = C stretching vibration of quinoid ring, 1548 cm
-1

 for C=N bond stretching, 1494 cm
-1

 

corresponds to stretching vibration of benzenoid ring, 1406 cm
-1

 is the characteristic vibration mode of C - H bonding of aromatic nuclei, 1302 

cm
-1

 assigned to the stretching of C-N bonds of aromatic amines, 1140 cm
-1

 an strong band which considered to be the measure of degree of 

electron delocalization 796 cm
-1

corresponding to the N-H  out of plane bending in rocking mode.734 cm
-1

 and 684 cm
-1

 are due to the out of plan 

blending of C-H bond in aromatic ring, respectively. 

Figure 3.5 (b-f) shows the FTIR spectra of polyaniline/ZnFe2O4 composites at different percentage (5, 10, 15, 20 & 25 wt. %).  The 

absorption peaks are found to be at 3441cm
-1

 correspond for N-H stretching vibration, 1581 cm
-1

 corresponds to C = C stretching vibration of 

quinoid ring, 1481 cm
-1

 corresponds to stretching vibration of benzonoid ring, 1300 cm
-1

 is for the stretching of C-N bonds of aromatic amines, 

1240 cm
-1 

 for the C-N stretching of benzonoid ring, 1140 to 1145 cm
-1

corresponds to C-H in plane of aromatic rings found to be an strong band 

which considered to be the measure of degree of electron delocalization, and other bands like 802 cm
-1

,738 cm
-1

, and 686 cm
-1

 are due to the out 

of plan blending of C-H bond in aromatic ring, respectively. The samples show characteristic absorptions bands of Zinc ferrite, the absorptions 

bands at 507 cm
-1

 is due to the intrinsic vibration of Zn
+2

 which is present in tetrahedral positions and around 415 cm
-1

 which corresponds to the 

vibration of octahedral group of Fe
+3

O
-2

, which confirm the formation of the polyaniline / Zinc ferrite composites [23]. 
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Figure 3.5: shows the FTIR spectra of PANI/ZnFe2O4 composites of different weight percentage. 

 

Figure 3.6 shows that the AC conductivity of pure polyaniline and polyaniline/ZnFe2O4 composites (5, 10, 15, 20 & 25 wt%) at room 

temperature with respect to frequencies. The conductivity of pure polyaniline and its composites increases with increasing frequencies, obeys 

universal power law. The conductivity is almost constant up to 10
5
 Hz and then suddenly increases with increasing in frequencies are the 

characteristic property of disordered materials. Among all composites 20 wt % shows high conductivity, due to dipole polarization where the 

rotation of dipoles between two equivalent equilibrium positions is involved. It is the spontaneous alignment of dipoles in one of the equilibrium 

positions that give rise to the nonlinear polarization behavior of these composites [20]. 

 
 

Figure 3.6: shows AC conductivity as a function of frequency for polyaniline – ZnFe2O4 composites 

 

4. CONCLUSION:  

In this present study, it has been synthesized successfully the conducting polymer, Polyaniline and its composites i.e. PANI / ZnFe2O4 in 

5, 10, 15, 20 and 25 weight percentages. The structural morphology is studied using the various characterization techniques, i.e., SEM, XRD and 
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FTIR and found that Zink Ferrite ZnFe2O4 is well distributed in PANI. On the basis of results of electrical properties, so obtained in polyaniline – 

Zink Ferrite composites, they can be used as microwave absorbing materials and also in the fabrication of capacitors in high electric circuits.  
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