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ABSTRACT 

This study investigates the electrical transport features of V2O5 added Li-Zn ferrites. The ferrites have the 

compositions Li0.25Zn0.50Fe2.25O4 + xV2O5 (where x = 0.4, 0.8 and 1.2 wt %) and are prepared by the solid-state 

reaction technique. Frequency-dependent dielectric constant and ac conductivity of the samples have been 
investigated at room temperature. An enhancement of dielectric constant and ac conductivity is observed with 

V2O5 addition and displayed a decreasing trend for higher V2O5 addition. The Nyquist impedance plots of the 

samples display a single semicircular arc, indicating that the conduction mechanism of Li-Zn ferrites occurs 

through the grain property. 
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1. INTRODUCTION 

The spinel-type of Li-Zn ferrites is a magnetic material that has been used in microwave devices in 

electronics industry for high frequency applications due to their substantial magnetic induction, high 

mechanical strength and low dielectric loss [1-4]. There are various sintering aids such as V2O5, 

Bi2O3, MnO2, MoO3 and Nb2O5 have been used to enhance the grain formation and compaction of 

the samples that can tailor the electromagnetic properties of the materials [5-10]. However, spinel 

ferrites require high sintering temperatures to achieve densification, which can lead to the abnormal 

grain growth and deterioration of their electromagnetic properties [11]. V2O5 has been found to play 

a critical role as a sintering aid in improving mass transport mechanisms and densification of the 

samples [12-13]. However, there is insufficient data on the electrical transport features of V2O5-

added Li-Zn ferrites. Therefore, this study aims to investigate the dielectric constant, ac electrical 

conductivity, ac electrical modulus, and impedance spectroscopy of Lithium-Zinc ferrites with the 

addition of V2O5.  

2. MATERIALS AND METHOD  

Li2CO3, ZnO, and Fe2O3 of high purity powders were used as raw materials to prepare the desired 

samples. These powders were weighed with appropriate ratio and mixed thoroughly by milling in a 

mortar-pestle for 5 h. Then the mixed powder was pre-heated at 750 oC for 3 h. Calcined powders 

were then combined with varying proportions of V2O5 (0.4, 0.8 and 1.2 wt%). Using a hydraulic 

press the resulting mixture was pressed into disc-shaped samples, which were sintered in air at 1050 
oC for 3 h. An impedance analyzer (WAYNE KERR 6500B) was used to investigate the dielectric 

constant, ac conductivity, and impedance spectroscopy of the disc-shaped sample as a function of 
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frequency. The surface morphology of the samples has been inspected with the field emission 

scanning electron microscopy (FESEM: JSM-7600F, JEOL). 

3. RESULTS AND DISCUSSION  

3.1 Dielectric constant and tangent loss factor 

The frequency dependent dielectric constant (𝜀′) at ambient temperature is presented in Fig. 1. It 

demonstrates that 𝜀′  decreases as the frequency increases, which follows Maxwell-Wagner 

polarization [14].  
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Fig.1 Real part of permittivity 𝜀′ against the applied frequency 
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     Fig. 2 Loss tangent for different V2O5 content against frequency  

It is commonly acknowledged that the polarization of a specimen is influenced by various factors 

including the density of sintering, microscopic structure, and pore space of the ferrites [15]. Figure 2 
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shows the variation of the dielectric loss factor or tangent loss factor  (𝑡𝑎𝑛𝛿𝐸)  with applied 

frequency. The condition for highest loss factor (𝑡𝑎𝑛𝛿𝐸) is 𝜔𝜏 = 1, where 𝜔 = 2𝜋𝑓𝑜,  𝜏 is the time 

takes for a system to return to its equilibrium state after being perturbed, called relaxation time, and 

𝑓𝑜 corresponds to a specific frequency where resonance take place [16]. Hence, 𝑡𝑎𝑛𝛿𝐸 step up to a 

peak value as the hopping frequency of the electron is close to the employed frequency. At higher 

frequencies, inclusion of V2O5 to Li-Zn ferrites results in lower dielectric losses, which could make 

them suitable for use in high-frequency devices. 

The bulk density (𝜌𝐵) and porosity (𝑃%) of the investigated specimen are charted in Table 1. The 

data revealed that 𝜌𝐵  increases with raising the value of V2O5 concentration up to 0.8 wt%, 

meanwhile the porosity decreases. This can be explained by the fact that V2O5 acts as a sintering 

aid, which improves the densification of the samples. However, 𝑃% increased at x = 1.2 wt%, which 

might be associated with the subsequent decrease in sample density. The inclusion of V2O5 (0.4, 0.8, 

and 1.2 wt %) in Li-Zn ferrites results in a higher dielectric constant compared to pure Li-Zn ferrites. 

This is due to the enhanced polarization resulting from the increased densification of V2O5 included 

Li-Zn ferrites, particularly at lower frequency regions. Furthermore, frequency derivative of 

dielectric constant of V2O5 included Li-Zn ferrites decreases slowly at higher frequencies, indicating 

that they exhibit higher frequency stability compared to pure Li-Zn ferrites.  

3.2 Electrical conductivity 
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Fig.3 Electrical conductivity (𝜎𝑎𝑐) against frequency 

 

The change in frequency dependent ac electrical conductivity (𝜎𝑎𝑐) at room temperature is plotted 

in Fig. 3. The conductivity of ferrites is given by, 𝜎𝑓𝑒𝑟𝑟𝑖𝑡𝑒 = 𝜎𝑑𝑐 + 𝜎𝑎𝑐(𝜔), where 𝜎𝑑𝑐 represents the 

frequency independent term, called the dc conductivity and 𝜎𝑎𝑐 denotes ac conductivity, a function 

of frequency [17]. Electron hopping occurs at the octahedral B-site and the concentration of Fe3+ 

ions is the primary factor accountable for the movement of electrons within localized sites.  
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Table 1:  Bulk density (𝜌𝐵), porosity (P%) and average grain size(D) of the compositions 

Composition 𝝆𝑩 (g/cm3) P% D (µm) 

Li0.25Zn0.50Fe2.25O4  4.30 15 5.3 

Li0.25Zn0.50Fe2.25O4 + 0.4 wt%V2O5 4.37 13 5.9 

Li0.25Zn0.50Fe2.25O4 + 0.8 wt %V2O5 4.51 10 7.7 

Li0.25Zn0.50Fe2.25O4 + 1.2 wt %V2O5 4.42 12 6.6 

 

The conductivity of the material remains relatively constant at lower frequencies due to the high 

resistivity of the grain boundaries, which are more operative comparative to the exceedingly 

conductive grains. As a result, the frequency at which electrons jump between Fe2+and Fe3+ ions 

is low and insignificant in the lower frequency range. However, the conductivity increases rapidly 

at higher frequencies due to the activity of the conductive grains. This is because the highly 

conductive grains are more active than the poorly conductive grain boundaries. Therefore, the 

improvement in conductivity is attributed to an increase in electron hopping between Fe2+and Fe3+ 

ions. The rising of ac electrical conductivity of V2O5 (0.4, 0.8 and 1.2 wt %) included Li-Zn ferrites 

is observed which could be attributed to the compaction and larger grain size (Table 1).   

3.3 Electric modulus 

Variation of the real part of electric modulus (𝑀′) as a function of frequency is depicted in Fig.4.  
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Fig. 4 Variation of 𝑀′with the applied frequency 
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Fig. 5 Imaginary part of electric modulus (𝑀′′) against frequency 

 

𝑀′ is very much low at lower frequency region, indicates that the electrode and/or ionic polarization 

is present in all samples. Dispersion is observed in the high frequency range due to the mobility of 

the charge carriers in limited distance. This is possibly caused by the deficiency in restoring force 

that can control the mobility of the charge carriers when an electric field is applied [18]. Frequency 

dependence of the imaginary part of electric modulus (𝑀′′) of studied samples are illustrated in Fig. 

5. 𝑀′′ rises up to a relaxation peak value at low frequency region as frequency increases. Further 

increase in frequency lower the value of 𝑀′′ and approaches to a constant value due to the potential 

wells of the carriers at high frequency. The irregularity in the peaks suggests the occurrence of 

distinct relaxation times, indicating a non-Debye type of relaxation. 

3.4 Nyquist impedance plots 

To explore the impact of grain and grain boundary on the electrical characteristics of V2O5 added 

Li-Zn ferrites, Nyquist impedance plots/Cole-Cole plots (𝑍′′vs 𝑍′) have been scrutinized for studied 

samples. A Cole-Cole plot can be used to determine the individual contributions of the grain and 

grain boundary resistances to the overall resistance of a specimen [19-21].              

Figure 6 shows the Cole-Cole plot for investigated samples. It can be seen that the semicircle areas 

are smaller for V2O5-incorporated Li-Zn ferrites than that of Li-Zn ferrites, indicating a decrease in 

resistance and an increase in conductivity. This suggests that the semicircular arc corresponds to 

transportation caused by grain in the superior-frequency region, which is likely due to the larger 

grain sizes in V2O5-enhanced Li-Zn ferrites [22]. Therefore, the conduction mechanism of V2O5 

added Li-Zn ferrites takes place through the grain property.  
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Fig. 6 Nyquist impedance plots/Cole-Cole plot 

4. CONCLUSIONS 

The inclusion of V2O5 in Li-Zn ferrites resulted in an increase in their dielectric constants as 

compared to the pure system. This can be attributed to the effect of interfacial polarization and 

densification of the samples. The lower values of dielectric losses found at higher frequencies might 

have possible technical application in high frequency devices. The Cole-Cole plots have revealed 

that the semicircle areas of V2O5 added Li-Zn ferrites are smaller than the pure Li-Zn ferrites. This 

may be due to the lowering in resistance, which leads to greater conductivity of V2O5 added Li-Zn 

ferrites.  
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