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Summary: In this study, vanadium doped NiFe2O4 was produced by using mixed oxide technique. 

The NiFe2-xVxO4 composition was synthesized and x was selected as 0.1, 0.2 and 0.3, respectively. 

The single-phase Ni ferrite was produced after sintering at 1100°C for 4h. X-Ray diffraction (XRD), 

scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) were 

performed for structural analysis. The results of the structural analysis indicated that the second 

phase did not form in NiFe2-xVxO4. Additionally, the polyaniline-vanadium doped NiFe2O4 

composites were produced by hot pressing using the compositions of NiFe1.9V0.1O4.1, NiFe1.8V0.2O4.2, 

NiFe1.7V0.3O4.3, and aniline. The weight ratios of vanadium-doped nickel ferrite and aniline were 1:1 

and 1:3, respectively. Epoxy resin was used to produce microwave-absorbing composites. The 

fabricated composites were characterized by using Fourier transform infrared spectroscopy (FTIR). 

Furthermore, the magnetic properties of the fabricated composites were investigated by using a 

vibrating sample magnetometer (VSM). The microwave absorbing performances of the polyaniline-

NiFe2O4: V composites were investigated by reflectivity in 0–8 GHz, using a two–port vector 

network analyzer. A minimum of -42.17 dB reflection performance was obtained in 7.02 GHz at the 

thickness of 2.0 mm. This reflection performance can be modulated simply by controlling the 

content of polyaniline in the samples for the required frequency bands. 
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Introduction 

 

The extraordinary growth in the 
communications industry has led to an increased 

interest in microwave absorbing materials. With 

modern communication systems recently diving into 

high frequency, the interest and need for absorbing 

materials suitable for using in high frequency has 

naturally increased [1]. The interest in microwave 

absorbing materials because of the rapid progress of 

wireless communication has also become more 

notable in applications outside of various specific 

areas such as radar systems and military applications 

[2]. It is also known today that the electromagnetic 
pollution for this reason caused by the signals 

spreading from electronic devices, which are 

becoming increasingly widespread for their usage, 

has many negative consequences on human health 

and the environment [3]. Studies on absorbing 

materials are continuously carried out in order to 

overcome these problems, minimize the 

electromagnetic effects, and provide safety in  the 

areas of radar, space technology, telecommunication, 

local area networks, military and communication 

technologies [4, 5].  
 

The decline in electromagnetic energy by 

using the microwave theory can be attributed to the 

large number of internal reflections caused by the 

material itself [6], it is necessary that the incoming 

signal to absorbing material should not reflect to the 
incoming direction and should not provide 

transmission at the same time. Thus, the signal has to 

provide absorption in or on the material. 

 

Nano spinel ferrites [7] generally described 

by the formula AFe2O4 (A= divalent metal ion, Mg, 

Ni, Co, Cu, etc.), have superparamagnetic behavior 

and, due to their interesting properties, have 

intensively investigated for magnetic fluids, gas 

sensor, applications in the magnetic information 

storage systems, catalysts, magnetic resonance 
imaging and microwave devices operating in high 

frequency range [8 and 15].   

 

The spinel ferrites in the NiFe2O4 structure 

can be used as EM wave absorbers due to their high 

magnetic losses and resistivity. Although they are 

also particularly attractive to researchers due to their 

high magnetocrystalline anisotropy, high saturation 

magnetization and unique magnetic structure needs to 

be reworded [16]. 

 
NiFe2O4 has an inverse spinel structure 

showing ferrimagnetism due to the magnetic moment 

of the anti-parallel spins between the Fe+3 ions in 

tetrahedral region and the Ni+2 ions in the octahedral 

region [17]. The properties of these spinel ferrites 
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vary according to their chemical composition, 

microstructure, stoichiometry, ion position doped by 

sintering parameters, and contribution ratio [18]. 

Additionally, in recent years studies have been 

conducted on the absorber-based ferromagnetic 
materials such as Ni/ZnO [19], Co/ZnO [20], Fe/ZnO 

[21], FeNi3/(Ni0.5Zn0.5)Fe2O4 [22] and Fe/SiO2 [23]. 

 

As a microwave absorbing material,  

NiFe2O4 has disadvantages such as small dielectric 

loss and wide area density, and this limits the 

potential of NiFe2O4 for using in wideband 

absorption bandwidth applications [24-25]. Although  

NiFe2O4  has microwave absorption properties, it is 

quite heavy, however the ferrite polymer composites 

obtained by mixing pure ferrite powders with non-

magnetic polymers for better absorption properties 
show better microwave properties depending on low 

cost, lightness and good design flexibility [26-28]. 

Magnetic materials and composites containing 

conductive polymers in order to obtain high 

efficiency microwave absorbers with strong 

absorption and wide band spacing, having thin layer 

and light weight , have attracted a great deal of 

interest from researchers due to the hybrid nature of 

each compound [29].  

 

Polyaniline (PANI), whose microwave 
absorbing properties are associated with its structure, 

is a promising conductive polymer with excellent 

chemical and physical properties, low cost, good 

environmental stability [30]. PANI can be prepared 

easily by the chemical oxidative polymerization of 

aniline under controlled conditions and exhibits 

sufficient stability for practical applications. The 

chemical method from these methods is more 

common. The preparation method is oxidative 

polymerization with ammonium sulfate as an oxidant 

in general.  

 
The mechanical and other properties of 

PANI may increase depending on the additives in 

which  a mixture of inorganic nanomaterials and 

PANI is used. It has been found that the composites 

have good magnetic, conductivity and microwave 

absorbing properties in the studies conducted 

regarding composites containing conductive polymer 

and magnetic ferrite. 

 

Protective materials with reflection loss 

using intrinsic conductive polymer (ICP) are very 
promising. Compared to intrinsic conductive 

polymers,  PANI not only has specified reflective 

loss, but also has more absorption loss to achieve the 

electromagnetic shielding. Therefore, it can meet the 

high absorption and low reflection need [31-32]. 

 

In previous studies, the microwave 

absorbing properties of PANI-MnFe2O4 

nanocomposite powders dispersed in acrylic resin 

with a coating thickness of 1.4 mm were measured 
using a vector network analyzer at a frequency range 

of 8-12 GHz, and its minimum reflection loss was 

measured as -15.3 dB at 10.4 GHz [33]. In addition, 

the reflection losses of the PANI-Co0.7Cr0.1Zn0.2Fe2O4 

composites were measured as -13.17 dB and -15.36 

dB at 14.1 GHz and 17.9 GHz, respectively [34]. On 

the other hand, the reflection losses of the prepared 

PANI-BaFe12O19 composites were measured as -12.5 

dB and -11.5 dB at 7.8 GHz and 24.2 GHz, 

respectively [35]. For example, in another study, 

Zno-PANI composite has a width of 3.5 mm sample 

thickness and a maximum -41 dB reflection loss at 
14.1 Ghz frequency [36]. 

 

A good absorbing material should have 

broad bandwidth, wide frequency range, strong 

absorbtion and  should be lightweight and thin as 

well [37]. Electromagnetic wave can be characterized 

based on its absorption properties and coefficient of 

reflection. Dielectric loss, magnetic loss and 

impedance match factors are considered on the 

design principle of EM absorbing materials [38].   

 
-10 dB RL (reflection loss) can be compared 

with 90% microwave absorption. Therefore, the 

materials with a RL value less than -10 dB are 

considered to be suitable electromagnetic wave 

absorbers. [39]. 

 

Using polyaniline based V doped NiFe2O4 

composite, production of light and thin high 

performance electromagnetic wave absorption 

material with wide absorption band and powerful 

absorption performance is planned. With V doping, 

reducing sintering temperature and improving the 
microwave absorption property of NiFe2O4  in 

polyaniline composite was aimed. Using the simple 

method of oxide mixing, a new single phase V doped 

NiFe2O4 was formed, V doping was investigated, by 

adding special rates of V doping to NiFe2O4, V doped 

NiFe2O4 : PANI based composite was formed and its 

microwave absorption properties was investigated.  

 

The single phase NiFe2O4 ferrites were 

prepared by means of mixing oxides by adding V as 

solid solution in different ratios instead of Fe in the 
NiFe2O4 ferrite composition for the first time in this 

study. To our knowledge this study is the first to 

measure the microwave absorber properties of the V-

doped Nickel ferrite: PANI composite. The amounts 

of the initial oxides were calculated based on  
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stoichiometric composition of NiFe2-xVxO4. The 

solubility limit, which is defined as the amount that 

can be doped without disturbing the structure of the 

main structure (NiFe2O4), was determined using X-

ray powder diffractometry. SEM results were 
investigated, the magnetic hysteresis measurement 

(VSM) results of the V-doped NiFe2O4 ferrites and    

the V-doped NiFe2O4: PANI  were determined.  

 

When sintered at high temperatures, the 

structure of NiFe2O4 is disrupted. The single-phase 

NiFe2O4 ferrites  were sintered between at 1200°C-

1300°C and the  V-doped NiFe2O4 reactant powders 

were sintered at 1100°C after being calcined at 

600°C. 

 

According to the optimum parameters 
determined in terms of properties, the V-doped 

NiFe2O4 ferrites were produced as composite with a 

PANI base and their features were characterized. V 

doped NiFe2O4:PANI was produced by hot pressing 

at different ratios. Microwave absorbing composites 

were manufactured by using epoxy at different ratios 

of aniline / V-added Ni ferrite such as  1/1 and 3/1. 

The composites that were produced were 

characterized using XRD, SEM and FTIR (Bruker 

/Alpha –T) and VSM (Cryogenic Limited PPMS) 

devices. The microwave absorber performances of 
polyyaniline-NiFe2O4: V composites were measured 

with the two-port vector network analyzer (R & S 

FSH-K42) device in the range of 0-8 GHz. 

 

Experimental 

 

Preparation of V doped Nickel ferrite 

 

V doped NiFe2O4 powder was produced 

using mixed oxide technique. NiO (AcrosOrganic: 

99.9%), Fe2O3 (Sigma–Aldrich: 99%) and V2O5 

(Sigma–Aldrich: 99.9%) powders were mixed in 
stoichiometric amounts, according to the NiFe2-xVxO4 

compositions, in an ethanol medium inside a plastic 

container for 20h where x was selected as 0.1, 0.2, 

0.3. After the slurries were dried at 100C for 24h, 

they were calcined at 600C for 4h in a tightly closed 

alumina crucible to prevent evaporation losses, which 

were checked by weighing the samples before and 

after calcination. After the calcined powders were 

ground in an agate mortar, they were pressed into 

pellets with 10 mm in diameter and 1–2 mm in 

thickness by using uniaxial press with 2MPa 

pressure. The pellets were sintered between 1000 and 

1200C for 4h with a heating and cooling rate of 

250C/h after being buried in the NiFe2O4 powder to 

minimize the loss of volatile species.  

 

The phases in the doped sintered samples 

were characterized by using X-ray diffractometry 

(D2 Phaser Bruker AXS) with Cu- K radiation 

(λ=1.5406° A) in the range of 2θ:10–70 and at a 

scan rate of 1/min. The fracture surfaces of the 

specimens were examined in the SEM (JEOL 

5910LV) at 20kV after being coated with Au/Pd 

alloy by sputter coater. The chemical analysis was 

conducted by means of dispersive spectrometry 

(EDS, Oxford-Inca-7274) and the SEM was used in 
order to identify the phases and study the 

microstructure. 

 

Preparation of Polyaniline/NiFe2O4: V composites  

 

The Ni ferrite, which has the compositions 

of NiFe1.9V0.1O4.1, NiFe1.8V0.2O4.2, NiFe1.7V0.3O4.3 

(account for 100 wt % and 33 wt % of aniline 

quantity), and the 1 ml aniline monomer was added 

to a 35 ml hydrochloric acid solution (0.1 mol L-1) 

and dispersed by mechanical stirring for 30 min. 
2.49g of ammonium persulfate (APS) was dissolved 

in a 15 ml hydrochloric acid solution (1 mol L-1). The 

APS solution was then slowly added dropwise to the 

mixture solution mentioned above by stirring 

vigorously. Polymerization was carried out in an ice-

water bath for 12h at 0C. The composites were 

obtained by filtering and washing the reaction 

mixture with deionized water, and ethanol and being 

dried under vacuum at 600C for 24 h. The PANI/ Ni 

ferrite composites with different molar ratios 

[Aniline/NiFe1.9V0.1O4.1, Aniline/ NiFe1.8V0.2O4.2, and 

Aniline/ NiFe1.7V0.3O4.3 = (3:1, 1:1)] were obtained to 

investigate the influence of the PANI content on the 
electromagnetic absorption properties.  

 

Preparation of Epoxy- Polyaniline/NiFe2O4: V 

composites  

 

The absorbing composite materials were 

prepared by molding and curing the mixture of 

PANI/ Ni ferrite compositions powders and epoxy. 

The mixing ratio of specimen powders to epoxy was 

2:1 by weight. Molding was carried out in a hydraulic 

press at 5Mpa pressure and 1000C for 1 h. They were 

pressed into pellets with 20 mm in diameter and 2 
mm in thickness for reflectivity measurements.  

 

Results and Discussion 

 

XRD Analysis of V Doped Nickel Ferrite   

 

The V ion was doped into NiFe2O4 (PDF 

Card No: 44-1485) compound to replace Fe ion since 

they have close ionic radii values. 
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V doping into the Nickel ferrite structure 

was made along the NiFe2-xVxO4   composition with x 

value varying between x=0.1 and 0.5. The XRD 

analysis of samples sintered at 1100C for 4h 

revealed that single phase structure was formed for 

the 0.1, 0.2 and 0.3 values of x (Fig. 1). The single 

phase formation of the powders was achieved by an 
appropriate calcination temperature and elimination 

of the possible intermediate phases by using the 

mixed oxide synthesis. The well homogenization of 

the powders enhanced the diffusion process during 

the heat treatment. XRD results indicate that there is 

no secondary phase in the powders except 0.5 mol% 

V doped sample. The second phase, that is V2O5 

(PDF Card No: 053-0538), started to appear together 

with 0.5 mol % V doping sample. These results show 

that V solubility had at limit between x=0.3 and 

x=0.5 in Nickel ferrite.  
 

V element’s ionic radii is greater than Fe 

element’s, therefore when V element is doped into 

NiFe2O4 compound to replace Fe ion, peak positions 

change. As the doping content increases within the 

solubility limit, peak positions change linearly to the 

right, however the main profile, the peak positions of 

NiFe2O4  stays the same. 

 

Furthermore, NiFe2O4 formation strongly 

depends on temperature and high temperatures are 

required to form single phase NiFe2O4. The formation 
temperatures of single phase NiFe2O4 were also 

strongly dependent on the type of doping.  

 

 
 

Fig. 1: XRD patterns of V doped NiFe2-xVxO4 

composition with x=0.1, 0.2, 0.3, 0.5 

sintered during 4h at 1100oC.  

 

SEM Analysis of V Doped Nickel Ferrite   

 

SEM images for the V doped Nickel ferrite 

structure showed that there is only a single phase 

(Fig. 2 a, b, c) for x= 0.1 . However, when the x value 

was increased to 0.5, a large amount of secondary 

phase was detected in the structure (Fig.2 e, f, g). 
While one of the phases was determined as V 

containing Nickel ferrite, the other one was V2O5. 

The EDS analysis was performed and the images 

were shown in Fig.2 (d, h). EDS analysis applied to 

V( x=0.1) doped NiFe2O4 particles gave similar 

results to the theoretical composition of V doped 

NiFe2O4 (%26.18 Ni, %55.39 Fe, %16.51 O, %1.92 

V). The content of secondary phase increased along 

with the increasing in V content (Fig. 2h). SEM 

investigations of the samples revealed that   

increasing  dopant concentration of V increased the 

grain size little . By the EDS analysis applied to the 
secondary phase, it is understood that the ratio of V 

in the structure has increased. 

 

By examining from the grain size 

perspective with SEM, average grain size is between 

1.5 and 4 µm ( V doped Ni ferrite , x=0.1 ) ,When   V 

content increases grain size is between 1.8 µm and 5  

µm ( V doped Ni ferrite , x=0.5 ). In addition, the 

secondary phase formation, observed from EDS 

chemical analysis was also in good concordance with 

the XRD results.  
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Fig. 2: SEM images of V doped NiFe2-xVxO4 

sintered at 1100°C for 4h a) x=0.1 at ×1.000, 

b) x=0.1 at ×2.000, c) x=0.1 at ×5.000 for d) 

EDS analysis of V doped NiFe2-xVxO4, x= 

0.1 at ×1.000 e ) x= 0.5 at ×1.000 f) x= 0.5 

at ×2.000 g) x= 0.5 at ×5.000 h ) EDS 

analysis of V doped NiFe2-xVxO4 x= 0.5 at 

×5 .000, the secondary phase (V2O5) for 

x=0.5. 

 

Fourier-transform IR (FTIR) spectroscopy analysis 

of V Doped Nickel Ferrite   
 

The formation of the structure of nickel 

ferrite doped with V samples was also proved by 

FTIR (Fourier-transform infrared spectroscopy) 

spectra in the range of 4000-500 cm-1. Figure 3 shows 

the (FTIR) results of V doped NiFe2O4 and Aniline/ 

(V doped NiFe2-xVxO4   for x=0.1, 0.3) = 1/1, 1/3), 

composites. The different characteristic peaks of the 

synthesized materials were investigated by FTIR and 

some information was obtained about the chemical 

bonding in the structure. The FTIR spectra of the 
NiFe2O4, PANI and Vx, NiFe2-xVxO4 composites that 

prepared with different amounts of V were recorded 

to determine the chemical structure of the samples. 

Figure 3 also shows the comparison between the 

observed absorption bands of free V and the observed 

absorption bands of PANI/NiFe2O4 /V 

nanocomposites., The metal ions in ferrites are 

generally located in two different sub-lattice, 

designated as tetrahedral and octahedral sites 

according to the geometrical configuration of the 

nearest neighbors of oxygen [42]. As shown in Figure 

3, the spectra, revealing the characteristic absorption 
peaks of the NiFe2O4 was observed below 600 cm-1 

for all the samples and they can be attributed to the 

Ni-O bond or Fe - O stretching vibrations. 

Polymerization of the aniline can be confirmed by the 

presence of spectral peaks near 1473 and 1552 cm−1 

for PANI doped samples, which are attributed to the 

stretching C=C and C=N modes for quinonoid and 

benzenoid units of PANI, respectively, for the HCl 

doped PANI [43].  The 1236 cm-1 and 1239 cm−1 are 

assigned to C-N stretching of the benzenoid ring. The 

band at 1289 cm-1 that are characteristic peaks of 

PANI are attributed to C-N stretching mode for the 

benzonoid units in terms of the all samples 
containing PANI. These stretching vibrations can 

correspond to the stretching vibrations of metal–

oxygen at the tetrahedral and octahedral site, 

respectively [40, 44]. However, the FTIR spectra of 

the composite samples showed that the peaks of 

PANI doped samples shifted to higher wave number 

(479 cm-1 and 563 cm-1). These results indicated that 

there were some interactions between PANI chains 

and nickel ferrite particles [45]. Also, the hydrogen 

bonding interaction between the polyaniline chains 

and the oxygen atoms on the ferrite surface occurs in 

the composites, which make ferrite particles be 
embedded into polymer chain of PANI [46]. The 

peak at 1289 cm−1 belongs to the C-N stretching of 

secondary amine in polymer main chain [43] and the 

1239 cm−1 for V 0.1 PANI 1/1 is the C- N stretching 

of benzonoid ring [47]. These specific peaks in the 

functional group region of the FTIR are observed at 

slightly higher frequency than their actual values 

because of the interaction with nickel ferrite moiety 

[43]. The peak 1631 cm-1 for V 0.1 and V 0.3 refers 

to O-H stretching vibration or bending mode of H2O 

molecules. The band at 1126 cm-1 for V 0.1 can be 
assigned to bending vibration of C-H mode. [43, 44]. 

574 cm-1 can be attributed to Ni–O bond for V 0.3 

PANI 1/1 [40]. The band at 1014 cm-1 was associated 

with the V=O stretching vibration [48]. The band at 

524 cm-1 represents the V–O–V stretching vibration 

[49]. The band at 840 cm-1 was attributed to the 

coupled vibration between V=O and V –O- V. The 

band at 1100 cm-1 represents the V=O .The bands 

around 995–1050 cm-1 can be attributed to the 

stretching of short V=O bonds. [50]. The strong 

peaks in the region at 563 cm-1 and 479 cm-1 are 

related to the symmetric V-O-V stretching mode 
[51]. The band at 1022 cm-1 was assigned to the V=O 

stretching vibration, the IR band of V=O in 

crystalline V2O5 was showed at 1020-1025 cm-1 [52]. 

1558 cm-1 is the C=N quinonoid stretching mode of 

vibration [47]. 

 

Using of the V causes to the shift of some 

bands in the PANI–NiFe2O4 nanocomposites. These 

differences indicate strong interactions between 

PANI, NiFe2O4, and ionic liquid in the composites. 

The interaction between PANI and NiFe2O4 is 
thought to be an N-O hydroxyl bond interaction, so 

the separation of PANI and NiFe2O4 from each other 

is difficult. In addition, it can be seen that the peaks 

in samples that does not contain the PANI are 

broader than the samples with V-PANI.  
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Fig. 3: FTIR spectra of PANI-NiFe2O4: V 

composites;  a) Polyaniline b) NiFe2O4 c) V 

doped NiFe2-xVxO4 for x=0.1 :Aniline (the 

ratio 1:3) d) V doped NiFe2-xVxO4 for 

x=0.1:Aniline (the ratio 1:1) e) V doped 

NiFe2-xVxO4 for x=0.1 f) V doped NiFe2-

xVxO4 for x=0.3: Aniline (the ratio 1:3) g) V 
doped NiFe2-xVxO4 for x=0.3:Aniline (the 

ratio 1:1)  h) V doped NiFe2-xVxO4 for x=0.3  

 

Magnetic properties of NiFe2O4: V compositions and 

PANI/ NiFe2O4: V compositions 

 

Magnetic measurements of V2O5-doped 

NiFe2O4 samples  sintered at 1100 °C were 

performed at room temperature (25 °C) in order to 

explore the effect of dopants on the magnetic 

properties. Magnetization of V2O5 doped with 
NiFe2O4 samples at room temperature as a function 

of magnetic field (M–H)   is given in Figure 4a. 

A remarkable ferromagnetic behavior was obtained 

for the NiFe2O4 sample doped with 0.1% V2O5 (x= 

0.1) which has saturation magnetization (Ms) of about 

41.1 emu/g. As the concentration of the dopant 

element increased to x=0.2, the saturation 

magnetization decreased to almost 38.7 emu/g. 

As the concentration of the dopant 
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element increased to x= 0.3, it was observed a 

further decrease in Ms at almost 27.4 emu/g. In 

general, as the dopant element increased, the 

saturation magnetization decreased.  

 
The magnetization of spinel ferrite can be 

explained by the Neel’s molecular field model. 

According to this model, the exchange interaction 

between A-B sites is stronger than A-A and B-B 

interactions. For x=0.1, the concentration of Fe+3 ions 

at octahedral B-sites decreases due to the 

accumulation of V2O5 ions on B-sites. Hence, the 

change in the magnetic structure results in a decrease 

in saturation magnetization. The decrease in the 

magnetization at x  0.2 may be attributed to the 

distribution of nonmagnetic V2O5 ions in A and B 

sites.  

 
When the NiFe2O4 sample was doped with 

x=0.5 V2O5, a slight increase up to 28.4 emu/g was 

noted in Ms. As the PANI concentration decreased 

from 1:1 to 1:3, saturation 

magnetization also decreased as expected. The 

magnetic field dependent magnetization at 1100 °C 

for V2O5 doped NiFe2O4 samples (x= 0.1) with 

different PANI concentrations (1/3 and 1/1) is shown 

in Figure 4 b. Both samples 

showed different ferromagnetic behavior. While the 

Ms for the sample with polyaniline concentration 

1/3 appeared less with about the value of 10.7 emu/g, 
the sample with polyaniline concentration 1/1 

showed higher Ms with about value of 18.9 emu/g. 

Similarly, V2O5 doped NiFe2O4 samples (x= 0.3) 

with different polyaniline concentration (1/3 and 1/1) 

showed ferromagnetic behavior with Ms = 6.6 and 

18.8 emu/g respectively. 

 

 
 

 
 

Fig. 4: a ) Magnetization curves for V doped 
NiFe2O4  (x= 0.1 0.2, 0.3, 0.5) heat treated at  

1100 C  for 4  h. 

b ) Magnetization curves for V doped   

NiFe2O4  (x= 0.1, 0.3) using polyaniline  

(1/3, 1/1) heat treated at  1100 C  for 4  h. 

 

Reflectivity Measurements of V Doped Nickel Ferrite   

 

Figure 5 shows the frequency dependence of 

the reflection loss of the Epoxy- PANI/NiFe2O4: V 

composites in the frequency range of 0-8 GHz. 

Among the PANI-NiFe2O4: V composites, It can be 

seen that epoxy-NiFe2O4: V composites /Aniline: 1/1 

has more observable effect on microwave absorption 
properties than epoxy- NiFe2O4: V 

composites/Aniline: 1/3. The PANI/Ni ferrite 

compositions ( NiFe1.9V0.1O4.1/Aniline: 1/1) powders 

and epoxy showed only two bands with -36.32 dB 

and -26.14 dB  at 5.68 GHz and at 1.82 GHz 

respectively. The epoxy-PANI/ Ni ferrite 

compositions (NiFe1.9V0.1O4.1/ Aniline:1/3) reach to -

23.48 dB at 7.31 GHz in reflection loss (Fig5.a). The 

compositions reach to a reflectivity of -28.39 dB at 

6.22 GHz for epoxy-PANI/Ni ferrite compositions 

(NiFe1.7V0.3O4.3 / Aniline: 1/1) (Fig5.b). When nickel 

ferrite powder content decreases, PANI/ Ni ferrite 
compositions (NiFe1.7V0.3O4.3 / Aniline: 1/3) reach to 

the -42.17 dB and -35.61 dB at 7.02 GHz and at 5.63 

GHz, respectively. In addition, this composite 

material achieves a reflection less than -10 dB in the 

frequency band between 3.94 GHz and 8 GHz. The 

best overall reflection loss performance was achieved 

with the NiFe1.9V0.1O4.1/Aniline: 1/1 composition 

(Fig5.a) which shows a value less than -20 dB in the 

frequency band between 5.28 GHz and 8 GHz. 

Moreover, it achieves a reflection less than -10 dB in 

the frequency band between 3.63 GHz and 8 GHz. 
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Fig. 5: Microwave absorption properties of the 
Epoxy- PANI-NiFe2O4: V composites     a) 

x=0.1, V- added Ni ferrite /Aniline 

compositions of NiFe1.9V0.1O4.1 weight ratio 

was changed as 1:1, 1:3 b) x=0.3, V-added  

Ni ferrite /Aniline compositions of 

NiFe1.7V0.3O4.3 weight ratio was changed as 

1:1, 1:3. 

 

In addition, PANI improves the matching 

impedance on the transmissions between the 

ingredients of the composites. 

 
It is seen that the EM absorber property is 

mainly due to the magnetic spinel ferrite Ni. 

Meanwhile, the sharp absorption peaks appear due to 

the effect of conductive polymer PANI. Conducting 

polymer matrix (PANI) has been used in particular to 

reduce the effect of existing eddy currents, since the 

permeability of magnetic materials at high 

frequencies will reduce Eddy currents generated by 

EM waves. PANI creates electrical loss. It was mixed 

with spinel magnetic materials such as Ni and with 

the magnetic absorption feature provide to control 
EM absorptivity. In fact, the changes such as the 

saturation magnetization, magnetocrystalline 

anisotropy, dielectric properties and resonance 

frequency shifting of the material were provided. So, 

the effect of this is apparent in the material, and the 

absorption peak is shifted to the high frequency 

region ,Reflection loss curves can possess  little blips.   
 

In Fig. 5a part, the effect of PANI is less 

than the magnetic powder effect. In 5b part, when 

powder amount V(x=0.3) , the solubility increased 

when V element settles into NiFe2O4, structured its 

environment according to itself, increased the wave 

interference by the increasing surface area and 

increased the absorption. Matching of Impedance has 

been achieved by using PANI. PANI effect  has 

increased the absorption. 

 

New V doped NiFe2O4 and new V doped 
NiFe2O4: PANI were produced, V doped NiFe2O4 : 

PANI based composite have a high absorption ratio 

for electromagnetic waves in a broadwidth range, 

Magnetic and absorbing properties of the new 

composites are adjusted by controlling the V doped 

ferrite and PANI content in this method. Studies 

show that doping and PANI affect in electrical and  

magnetic structure. V affected permeability of 

material and contributes to the reflection .  

 

Conclusion 
 

V doped NiFe2O4 was produced along with 

NiFe2-xVxO4 compositions by using mixed oxide 

technique and PANI-NiFe2O4:V composites were 

produced for the first time in literature, to our 

knowledge. The V solubility in NiFe2O4  was much 

higher (x=0.3). The secondary phase could be 

identified as V2O5 in V doping. 

 

SEM investigation also confirmed the XRD 

results, as it gave only single phase below x=0.3 for 

V doping. The minimum reflection point shifts 
toward higher frequency with a decrease of PANI 

content for epoxy -PANI/ NiFe2O4: V compositions. 

Among epoxy-PANI/NiFe2O4:V compositions, the 

NiFe1.9V0.1O4.1/Aniline:1/1 and the 

NiFe1.7V0.3O4.3/Aniline:1/3 gave the best overall 

reflection performance in the frequency band 

between 3.94 GHz and 8.GHz.  

 

The magnetic value in the lowest V doped  

NiFe2O4 structure gave better results, and the amount 

of polyaniline played an important role in 
determining the absorber values. 

 

The microwave absorption property was 

obtained as 7.02 GHz and 2.0 mm in thickness with 

the minimum RL of -42.17 dB by 
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NiFe1.7V0.3O4.3/Aniline:1/3 composite. Microwave 

absorbing properties can be modulated simply by 

controlling the content of PANI and the effect of V 

dopant on the samples for the required frequency 

bands. Due to the easy and low cost preparation 
methods and better reflectivity performance, the 

PANI / V doped Nickel ferrite composites have a 

promising potential as microwave absorber. The 

dopants and Polyaniline were used to improve the 

microwave absorber properties of NiFe2O4. 

 

Microwave absorbing properties of V doped 

NiFe2O4: PANI compositions show a consistent 

variation with high V doping amounts.  The best 

reflection loss performance is obtained from 

NiFe1.9V0.1O4.1/Aniline: 1/1 composition at the value 

of less than -20 dB and between 5.28 GHz and 8GHz. 
The content of polyaniline plays an important role in 

variation the absorbing properties. The microwave 

absorbing properties of the V doped NiFe2O4: PANI 

compositions can be investigated for a broader 

concentration range of V dopant below 0.5 than those 

in this study.  

 

V doped NiFe2O4: PANI can be considered 

as a candidate for microwave absorbers Dopants and 

polyaniline content have been used to improve the 

microwave absorbing properties of NiFe2O4.  Dopant 
formation is another area of interest concerned with 

Nickel ferrite. The absorber properties of Nickel 

ferrite can be improved by using various dopant 

elements, and polymers. The microwave absorption 

properties of PANI -single phase doped NiFe2O4 at 

high frequencies may also be determined. 
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