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Abstract 

In this research, the NiFe2O4 and CuFe2O4 nanoparticles were synthesized by sol-gel auto 

combustion technique, and diagnosed with various techniques such as infrared (FTIR), X-ray 

diffraction (XRD) and Field Emission Scaning Elecron Microscopy (FESEM). Diagnostic 

results showed obtaining (Ni and Cu) nanoparticles. Then (PVA, NiFe2O4/PVA and 

CuFe2O4/PVA) films were prepared, and their electrical conductivity studied using LCR 

device, and they were (0.00000000892848, 0.0000149 and 0.00000699889) for (PVA, 

NiFe2O4/PVA and CuFe2O4/PVA), respectively. Nickel and copper ferrite nanoparticles 

showed apparent increase in electrical conductivity for the pure polymer. 

Keywords: Ferrites embedded PVA, Nickel ferrite, Copper ferrite, Dielectric properties. 

Introduction 

Ferrite exhibits a crystalline structure in three dimensions, described by the chemical formula 

MO.Fe2O3, it comprises two iron atoms and three oxygen atoms. The term MO encompasses 

various metal oxides, with manganese, zinc, nickel, and others being potential components, 

the incorporation of different metal oxides holds the potential to modify the properties of 

ferrite, rendering it adaptable for diverse applications [1]. The utilization of metal ferrite 

materials spans across a spectrum of applications and technologies, driven by their notable 

electrical and magnetic properties [2-5]. Spinel ferrites [6] have been a subject of extensive 
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investigation over an extended period, primarily attributed to their efficacy in high-frequency 

devices. In recent developments, ferrite materials have seen diversification in morphologies, 

including films [7], flakes [8], and hollow nanospheres [9], and macroporous particles [10]. 

These varied structures were successfully synthesized and applied as anode materials, 

contributing to magnify properties in Lithium-ion Batteries (LIBs), supercapacitor, ion 

batteries cell …etc., despite these studies, this method needs for further enhancement in 

discharge capacity and rate performances, particularly at high charge-discharge rates, to fully 

realize their practical potential across various applications [11,12]. To address this problem, a 

diverse array of preparation methods were explored. These methods encompass chemical 

precipitation, hydrothermal processing, micro-emulsion routes, sol-gel processing, aerosol-

vapor methods, sonochemistry, and high-temperature decomposition of organic precursors 

[13-16]. Notably, the sol-gel auto-combustion process has recently emerged as a proposed 

technique for ferrite synthesis, contributing to the repertoire of preparation methods [17-20]. 

The aim of the current study is to synthesize nickel ferrite and copper ferrite nanoparticles, 

then characterize oxides by using different techniques (FTIR, XRD, FESEM), then polymeric 

films are prepared from these oxides and PVA as a matrix, and then the electrical properties of 

the prepared films are measured. 

Experimental part: 

Chemicals: 

Chemical used in experiments were Ni(NO3)2.6H2O, Cu(NO3)2.6H2O, Fe(NO3)2.9H2O, 

NH4OH, citric acid and poly vinyl alcohol. The purity of the chemicals and solvents used was 

between 98-99% and they were used without purification or recrystallization. 

Procedure: 

Preparation of nickel ferrite (NiFe2O4): 

 For the synthesis of NiFe2O4 nanoparticle compound, the sol-gel technique was employed. 

This involved utilizing molar ratios of (1:2:3) for Ni(NO3)2.6H2O, Fe(NO3)3 .9H2O, and citric 

acid. The nitrates salts and citric acid were individually dissolved in distilled water and 

subsequently combined in a large flask. The ingredients were thoroughly mixed by magnetic 

stirrer and the pH of solution was adjusted to be 7. The contents were homogenized at room 
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temperature for 35 minutes and then the temperature rises to 95oC. The gases started to rise, 

and the gel was formed. After 30 min., the gel started to flare forming a Xerogel, which is 

grinded with mortar. The xerogel was then placed in furnace for calcined at a temperature of 

600oC for two hours at heating rate of (10 deg / min) to obtain the required NiFe2O4 

nanoparticles.  

Preparation of copper ferrite (CuFe2O4): 

For the production of CuFe2O4 nanoparticle compound, the sol-gel methodology was applied. 

This method employed molar ratios of (1:2:3) for Cu(NO3)2.6H2O, Fe(NO3)3.9H2O, and citric 

acid. The nitrates salts and citric acid were separately dissolved in distilled water and 

subsequently amalgamated in a sizable flask. The ingredients underwent thorough mixing 

facilitated by a magnetic stirrer, and the pH of the solution was adjusted to 7. The 

amalgamated contents were homogenized at room temperature for 35 minutes, followed by a 

temperature increase to 95°C. The release of gases ensued, leading to gel formation. 

Approximately half an hour later, the gel transitioned into a Xerogel, which was then ground 

using a mortar. Subsequently, it was subjected to calcination in a furnace at a temperature of 

600°C for two hours, with a heating rate of (10 deg/min), yielding the desired CuFe2O4 

nanoparticles. 

Preparation of the PVA, NiFe2O4/PVA and CuFe2O4/PVA:  

30 g of PVA (14000) were dissolved in 300 ml distilled water with continuous stirring at 70 

oC, then the solution was left for overnight. 25 ml of PVA solution was poured in glass mold 

to prepare the pure PVA film. Moreover, 25 ml of stock solution (PVA solution) was placed in 

a 100 ml beaker and 0.2 g of (Ni,Cu) ferrites were added separately, with continuous vigorous 

stirring for 30 min, and left for 10 min., then sonicated for 10 min.. The final step is to pour 

the prepared solution into the glass mold and left for overnight to obtain the doped PVA films. 

Results and Discussion 

FTIR of Nickle Ferrite Nanoparticles: 

In the FTIR spectrum presented in Figure 1 for NiFe2O4, the absorption peak observed at 

573.09 cm-1 is likely associated with the (Fe-O) group within NiFe2O4. Conversely, the 

presence of a band at 444.2 cm-1 is attributed to the octahedral metal (Ni-O). The disparity in 
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absorption positions between tetrahedral and octahedral complexes within the NiFe2O4 crystal 

arises from the distinct distances between Fe+3-O-2 in the tetrahedral and octahedral sites. 

These distinctive features of spinal ferrite, along with the specific positions of these infrared 

bands, align with the expected ranges corresponding to NiFe2O4 [21]. 

 
Figure 1: FTIR spectrum of NiFe2O4 nanoparticles. 

 FTIR of CuFe2O4 nanoparticles:  

The FTIR spectrum depicted in Figure 2 for CuFe2O4 nanoparticles reveals two distinct 

absorption bands. At 408.23 cm-1, the observed band is attributed to the vibration of the 

(Fe-O) bond, while the band at 556.94 cm-1 agrees to the vibration of the (Cu-O) bond 

within the lattices of the ferrite spinel. These assignments are consistent with the 

positioning of these bonds in both octahedral and tetrahedral sites. The variation in 

frequency between these bands is a result of the differing lengths of the oxygen-metal 

bonds in octahedral and tetrahedral sites. Consequently, the stretching vibration exhibits a 

higher frequency at the tetrahedral site, whereas the vibration at the octahedral site is 

characterized by a lower frequency [22,23]. 
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Figure 2: FTIR spectrum of CuFe2O4 nanoparticles. 

XRD of Nickle ferrite nanoparticles: 

Figure (3) displys the X-ray of nickle ferrite. All of the NiFe2O4 peaks are present: 30.29 

(220), 35.7 (311), 37.31 (222), 43.36 (400), 53.80 (422), 57.36 (511), 62.92 (440), and 74.64 

(533) [24]. Diffraction displys sharp lines. This indicates that the sample has a high degree of 

crystallinity. These planes correspond to the structure of NiFe2O4 nanoparticles. From the 

XRD data, the grain size of the prepared NiFe2O4 particles were calculated to be 33.18 nm, 

applying Debye-shearer equation.  

 

Figure 3: XRD of NiFe2O4 nanoparticles. 
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XRD of Copper ferrite nanoparticles: 

The XRD pattern presented in Figure 4 illustrates the diffraction pattern of CuFe2O4 

nanoparticles, aligning closely with JCPDS card no. 00-034-0425. The XRD peaks exhibit 

broadened reflections associated with (101), (200), (103), (211), (400), (004), (422), (511), 

(224), and (440) planes. Additionally, there are discernible peaks indicating the presence of 

extra phases, such as CuO. The identified planes collectively correspond to the cubic spinel 

structure of CuFe2O4. The grain size of prepared CuFe2O4 particles were calculated to be 

32.09 nm, applying Debye-shearer equation.  

 

Figure 4: XRD of CuFe2O4 nanoparticles. 

 

FESEM of NiFe2O4 and CuFe2O4 nanoparticles 

The structural morphology of the nanoparticles were tested using Field Emission Scanning 

Electron Microscopy (FESEM). Figure 5, displays the FESEM images of NiFe2O4 and 

CuFe2O4 nanoparticles. The nanoparticles structural of NiFe2O4 compound is cubic with grain 

sizes range 36.74 nm and for CuFe2O4 is tetragonal with grain sizes range 54.18nm. 
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Figure 5: (a,b) FESEM images of NiFe2O4 and  (c,d) CuFe2O4 nanoparticles. 

The dielectric properties: 

To evaluate the dielectric characterization of fabricated films, circular samples with a 

diameter of 3 cm were precision-cut to match the electrode diameter of the (GWINSTEK 

LCR-8105G) LCR meter. The dielectric properties, including real permittivity (ɛ′), imaginary 

permittivity (ԑ"), loss factor (tanδ), and current conductivity (σAc), were derived from the 

measured data. Dielectric investigation were conducted over a range of frequencies spanning 

from 60 kHz to 1000 kHz at a temperature of 25 oC. The determination of dielectric factors 

involved the utilization of the complex permittivity (ɛ*) in the respective equation [25-27]: 

ℇ ∗ =  ℇʹ (𝝎) −  ℇ" (𝝎)                                                                                             (1) 
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In the provided equation, (ɛ') denotes the real permittivity, and (ɛ'') represents the imaginary 

permittivity. The angular frequency (ω) is expressed as (ω = 2πf), where (f) signifies the 

applied frequency. The dielectric permittivity (ɛ') was determined using capacitance (C) 

through the following formula:  

ℇ´ =
𝑪 𝒅

 ℇ∘ 𝑨
                                                                                                                     (2)               

In this specified context, the symbol (d) signifies the film's thickness, (A) denotes the area of 

the electrodes, (ℇ₀) stands for the free space permittivity, equal to 8.85 × 10⁻¹² F·m⁻¹, and (tan 

δ) represents the tangent delta. 

ℇ" (ω) = ℇ ̍ (𝜔) . 𝑡𝑎𝑛 𝛿 (𝜔)                                                                                        (3) 

The alternating current conductivity (σ ac) can be calculated using the following equation: 

σ = ℇₒℇ′ω tanδ   (4) 

The dielectric properties investigation involved examining pure PVA and its doped films with 

NiFe2O4 and CuFe2O4 nanocomposites across a frequency range of 60 kHz to 1000 kHz, and 

the results are depicted in Figures 6-8. The profiles illustrate the variations in real permittivity 

(Ԑ'), imaginary permittivity (Ԑ"), and conductivity (σ ac) for the the loaded NiFe2O4/PVA and 

CuFe2O4/PVA nanocomposite and pure PVA films. Figures 6 and 7 indicate a gradual 

reduction in both (Ԑ') and (Ԑ") values as the frequency increases, as observed from the 

logarithmic plot. At lower frequencies, higher values of (Ԑ') and (Ԑ") are reached, diminishing 

rapidly with the ascending frequency. This phenomenon is explained by the gradual rotation 

of the field in the low-frequency domain, providing ample time for the alignment of 

permanent and induced dipoles with the applied field, consequently amplifying polarization. 

The heightened (Ԑ') values, especially at lower frequencies, are ascribed to interfacial 

polarization [27-30]. Moreover, in the composite films incorporating the nano fillers (NiFe2O4 

and CuFe2O4), the imaginary permittivity primarily results from current leakage. The 

introduction of a higher content of conductive fillers (NiFe2O4 and CuFe2O4) is likely to 

create additional conductive paths, leading to increased current leakage. Consequently, an 

observable rise in the value of (Ԑ'') is noted with the incorporation of conductive fillers into 

the PVA films [31]. 
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    Figure 6: Relation between the real permittivity ԑ' and the frequency change values of 

PVA, NiFe2O4/PVA and CuFe2O4/PVA. 

 

    Figure 7: Relation between imaginary permittivity ԑ" and frequency change values of 

PVA, NiFe2O4/PVA and CuFe2O4/PVA. 

 

On the flip side, the AC electrical conductivity (σ ac) observed in all fabricated 

nanocomposite films initiates at a low level and steadily rises with increasing frequency, as 

depicted in Figure 8. The logarithmic conduction diagram plotted against frequency indicates 

that, initially, both the pure PVA film and the films incorporating nano-fillers (NiFe2O4 and 

CuFe2O4) exhibit insulating behavior at lower frequencies. However, as the frequency 

escalates from 60,000 Hz to 1000 kHz, their behavior transitions from insulator to 

semiconductor, except for the polyvinyl alcohol film, which remains insulating. This behavior 
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is contingent on the electrical conductivity value. The incorporation of nanomaterials impacts 

the electrical conductivity (σ ac) within the nanocomposite films. The introduction of 

nanomaterials to polymeric films results in a proportional increase in the electrical 

conductivity of these films. This rise is linked to the heightened concentration of charge 

carriers, originating from the presence of free electrons in the nano-oxides [27,31,32]. 

 

Figure 8: Relation of conductivity with frequency values of PVA, NiFe2O4/PVA and 

CuFe2O4/PVA. 

 

Conclusion 

NiFe2O4 and CuFe2O4 nanoparticles were prepared using sol-gel processes. FTIR test 

confirmed to obtain Nickle and copper ferrites. XRD revealed single phase spinal structure. 

FESEM images showed prepared nanoparticles in nano range. Experimental results exhibit 

that the electrical conductivity of prepared composites increased with increase the frequencies 

and NiFe2O4/PVA conductivity (0.00000699889) more than CuFe2O4/PVA (0.0000149) and 

two composites more than PVA conductivity (0.00000000892848) that indicates the apparent 

effect of the Nickle ferrite copper ferrite on the electrical properties of poly vinyl alcohol 

polymer. 
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