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Abstract ─ Co2+ substituted Li-Ni ferrites with 

compositional formula Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4, where 

0.02≤x≤0.1 in steps of 0.02 were prepared by the chemical 

sol-gel method and sintered at 900°C for 4h. X-ray diffraction 

studies confirmed the formation of single phase with spinel 

structure in all the samples.  The lattice constant and 

crystallite size evaluated from XRD data were found to 

increase with increase of Co2+ content and the calculated 

crystallite size ranges from 35-59nm. The microstructure of 

the samples was studied by using Scanning Electron 

Microscopy. The room temperature dielectric constant and 

dielectric loss were measured as a function of frequency from 

100Hz-1MHz and they showed a dispersive behaviour.  The 

variation has been explained by Verwey’s mechanism of 

electron hopping and Koop’s two layer model. The study of 

the frequency variation of A.C. conductivity was found to 

increase with the increase of frequency. The substitution of 

Co2+ plays significant role in influencing the various 

structural and electrical properties. The results obtained and 

mechanisms involved are thus discussed.  
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I. INTRODUCTION 

 
Spinel ferrites are good electromagnetic materials and 

they have been in use in various technological devices [1]-
[3]. Of them, lithium ferrites and substituted lithium 
ferrites have certain interesting properties like high D. C. 
resistivity, high Curie temperature, high and wide range of 
saturation magnetization and low losses [4], [5]. These 
properties are very important from application point of 
view. Ferrites properties are strongly dependent on various 
factors like nature and amount of the substituent, process 
of synthesis, sintering conditions etc. Study of ferrites 
prepared by varying the conditions in an attempt to 
understand and optimize their properties is still continuing. 
Chemical sol-gel method is a simple and economic way 
for producing homogenous nanoparticle ferrites with good 
stoichiometry and homogeneity, narrow particle sized 
distribution, and high sinterability at low temperature [6], 
[7]. In the preparation of lithium based ferrites, low 
temperature sintering (<1000°C) is essential to suppress 
lithium and oxygen volatility during sintering. Li-ferrites 
modified by substitution with metal ions like, Co2+, Ni2+, 
Zr4+, Zn2+ Ti4+, etc have been widely studied by many 
workers[8]-[11]. Substitution of Ni2+ in Li-ferrites 
increases the remanance and remanance ratio while 
substitution of small amount of Co2+ in Li ferrite increases 
power handling capacity and coercivity [4], [5]. 

Simultaneous substitution of small amount of Ni2+ and 
Co2+ in Li-ferrites prepared by chemical method and 
sintered at low temperature is expected to produce 
interesting changes in their properties. The present work 
reports on the synthesis of Co2+ substituted Li-Ni ferrites 
prepared by chemical sol-gel method and the studies of 
their structural, microstructural and electrical properties.  
 

II. EXPERIMENTAL METHOD 
 

Nanosized Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4, ferrites where x 
ranges from 0.02 to 0.1 in steps of 0.02 were successfully 
prepared by the chemical sol-gel method. Stoichiometric 
amount of Fe(NO3)3. 6H2O, LiNO3.3H2O, Ni(NO3)2.6H2O 
and Co(NO3)2.6H2O were dissolved in ethylene glycol in 
the molar ratio 3:1 at 40°C and obtained a homogeneous 
clear solution. The temperature was raised to 80°C, kept 
for 20 min and a wet gel was obtained. The temperature 
was again raised to 130°C. The gel then gets dried and 
after a few minutes it gets self ignited itself evolving a 
highly voluminous fluffy product. The powder so obtained 
is the desired Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4 ferrites. The as-
prepared ferrite powder was mixed with a small amount of 
PVA (3% by weight) as a binder and then pressed in the 
form of pellet by applying a load of 100Kg/cm2 for 5 min. 
The samples were then sintered at 900°C for 4h in air and 
subsequently furnace cooled. XRD studies were carried 
out on the samples using Phillips X-Pert Pro PAN 
analytical X-ray diffractometer with Cu-Kα radiation 
whose wavelength, λ is 1.5406Å. Various structural 
parameters like lattice constant, crystallite size and 
theoretical density were studied. From the XRD data, the 
lattice constant, ‘a’ was calculated using the relation  � = �√ℎ2+ 2+ 2     (1) 

where ‘d’ is the interplanar spacing and (h, k, l) are miller 
indices corresponding to the specific diffraction 
maximum. The crystallite size of the particles was 
determined by the Scherrer formula, � = 0.94������      (2)  

where D is the crystallite size, λ the wavelength of Cu-Kα 
radiation, β the full width at half maximum and θ the 
Bragg angle. The microstructure of the samples was 
studied by using a Scanning Electron Microscopy (SEM 
FEI QUANTA-250). Electrical contacts were made on 
both the flat surfaces of the pellets using silver coating.  
The dielectric measurements were carried out on these 
electrode pellets using an Aligent HP 4284 A LCR meter 
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from 100Hz to 1MHz. The A. C. conductivity, σa.c. was 
calculated from the value of dielectric constant and 
dielectric loss using the relation, 

σ a. c. = ω�´�o tan δ    (3) 
where ω is the angular frequency, tan δ the dielectric loss 
tangent [12].  
 

III. RESULTS AND DISCUSSION 
 

Fig. 1 shows the XRD patterns for all the samples and 
they confirmed the formation of single phase with spinel 
structure in the samples. The structural properties obtained 
from the analysis of the XRD data are tabulated in table 1. 
The lattice constant obtained from XRD data is found to 
increase with the increase of Co2+ concentration. The 
increased may be due to the substitution of the Li+ and 
Fe3+ ions with ionic radii of 0.74Å and 0.67Å respectively 
by two Co2+ ions of larger ionic radius 0.82Å [13], [14]. 
The crystallite size of the samples has been found to 
increase with the increase of Co2+ ions content. The 
increase in crystallite size with the Co2+ substitution 
indicates better crystallization and crystal growth of the 
ferrite materials with the substitution. SEM 
photomicrographs revealed the microstructure of the 
samples. The average grain size obtained from the 
micrograph for all the samples has been found to from 
range 200nm to 400nm. Typical photomicrographs for x 
=0.02, 0.06 and 0.1 are depicted in fig. 2(a), (b) and (c). 
The difference in the crystallite size obtained from XRD 
data and the average grain size from the SEM micrograph 
may be due to the agglomeration of the fine magnetic 
nanocrystallites. The micrographs however showed that 
the grains are spherical in shape and they are 
homogeneously distributed throughout the sample.  
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Fig.1. XRD patterns for the Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4  

nanoferrites sintered at 900°C for 4h. 
 

Table I: Structural parameter for the  
Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4  nanoferrites sintered at 900°C 

for 4h. 
Co2+ 

content 
(x) 

Lattice 
constant 

a (Å) 

Experimental 
density 
(gcm-3) 

X-ray 
density 
(gcm-3) 

Crystallite 
size (nm) 

0.02 8.3281 4.1031 4.8367 35 
0.04 8.3353 4.4269 4.8367 47 

0.06 8.3542 4.4722 4.8166 49 
0.08 8.3600 4.5466 4.8536 47 
0.1 8.3708 4.4845 4.8128 59 

 

 
(a) x=0.02  (b) x=0.06 

(b)  

 
(c) x=0.1 

Fig.2. SEM photograph for the Li0.45-0.5xNi0.1CoxFe2.45-

0.5xO4 nanoferrites sintered at 900°C for 4h. 
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Fig. 3. Frequency variation of electrical properties: (a) 
dielectric constant, (b) dielectric loss and (c) A.C. 
conductivity for the Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4 

nanoferrites sintered at 900°C for 4h. 
 

The frequency variation of dielectric constant in the 
range 100Hz-1MHz is shown in fig. 3(a). For all the 
samples, the dielectric constant decreased with increase in 
frequency and this shows the normal dielectric behaviour 
for spinel ferrites. The dispersive behaviour can be 
understood from Verwey mechanism of electron hopping 
and space charge polarization where the mechanism of 
dielectric polarization is similar to that of electrical 
conduction. The main mode of conduction is due to the 
hopping of electrons between ions of the same element 
present in more than one valency states at crystallographic 
equivalent lattice sites. In ferrites, Fe2+ ions which are 
formed from partial evaporation of lithium and oxygen at 
the ferrite surfaces during synthesis occupy the B-sites 
[15], [16]. Therefore, the electron hopping takes place 
between Fe2+ and Fe3+ ions at the B sites. According to 
Koop’s two layer model [17] in agreement with the 
inhomogeneous dielectric structure of Maxwell-Wagner 
type [18],19], ferrites are assumed to be composed of well-
conducting grains separated by poorly conducting grain 
boundaries. During hopping the high resistive grain 
boundaries block the mobile charge carriers (i.e. electrons) 
thus inhibiting charge migration and leading to the pilling 
up of the charges at the grain boundaries under the 
influence of an electric field and hence producing space 
charge polarization.  At low frequency of an applied field, 
a net oscillation of charges between barriers produces a 
very large capacitance and hence large dielectric constant 
has been obtained [20]. As the frequency is increased, the 
charges are not able to follow the applied external field 
and polarization produced is decreased. Therefore a 
decrease in dielectric constant is observed. At very high 
frequency, the charge oscillation become independent of 
the applied field and thus the dielectric constant remains 
nearly constant [21]. The value of dielectric constant 
decreased with the increase of Co2+ concentration (Fig 
3(a)). Ni2+ are known to occupy the B-sites [14], [22], 
[23]. However low concentration of Co2+  ions have 
preferences for the the B-sites. In the present study, as x 
≤0.1, it may be assumed that Co2+ ions occupy the B-sites 
[24]. Keeping in view the site preferences of the metallic 

ions, the cation distribution may be assumed qualitatively 
as (Fe) [Li0.45-0.5xNi0.1CoxFe1.45-0.x] O4, where the 
parenthesis and the square brackets represent tetrahedral 
A-site and octahedral B-site respectively. Having known 
that the main mode of conduction is the hopping of 
electrons between Fe2+ and Fe3+ ions and from the cation 
distribution it is seen that the amount of Ni2+  is constant 
and as the  Co2+  ions concentration  increased, the amount 
of Li+ and Fe3+ ions  decreased accordingly at the B-sites. 
This decrease may reduce the chance of Fe2+ ions 
available at the B-sites and consequently will restrict the 
possible Verwey mechanism of electron hopping. Hence a 
decrease is observed in dielectric constant with Co2+ 
substitution as expected. 

The frequency variation of dielectric loss for the 
nanoferrites is depicted in fig.3(b). Observing the figure, it 
is seen that the loss continuously decreases with increase 
of frequency and remains constant at higher frequencies 
and this can understood from Koop’s phenomenological 
model [17]. The value of dielectric loss is very small when 
compared to the values measured on samples prepared by 
ceramic method [25].  Dielectric loss arises due to the lag 
of polarization in accordance with the applied electric field 
and is reported to be contributed by the presence of 
impurities and structural inhomogeneities in the ferrites 
[26]. The observed low value of dielectric loss is 
indicative of the fact that sol-gel derived nanoferrites 
showed improved structures and homogeneity. None of 
the samples though exhibited the resonance peak in the 
frequency range studied.  

Figure 3(c) shows the frequency variation of A.C. 
conductivity for the different samples. It can be seen that 
A.C. conductivity increased very slowly at low 
frequencies but above a certain frequency it increased 
rapidly with frequency. The frequency dependence of A. 
C. conductivity of the ferrite can also be understood from 
Koops’ Phenomenological model in agreement with 
Maxwell-Wagner theory where ferrites are assumed to be 
compacted as a multilayer capacitor in which ferrite grains 
and grain boundaries have different properties and the 
impedance of this model being given by 

)2(11
fCjRZ   ; where f is the frequency and R and C 

are the parallel equivalent resistance and capacitance of 
the material, respectively. Conduction in ferrites is due to 
electron hopping between the Fe2+ and Fe3+ ions at the B-
sites. At low frequencies, the grain boundaries are more 
active and hence the electron hopping is less. As the 
frequency is increased, the conductive grains become 
more active leading to enhancement of electron hopping 
and therefore a gradual increase in the conductivity is 
expected. Above a certain frequency it appears that the 
inverse impedance increased linearly with frequency and 
enhanced the electron hopping, thereby increasing the 
A.C. conductivity [27]. Increase in concentration of Co2+ 
reduced the value of A.C. conductivity and has been 
attributed to the lower concentration of Fe2+ ions with Co2+ 
substitution and hence restricting the electron hopping. 
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IV. CONCLUSION 
 

Nanosized Co2+ substituted Li-Ni ferrites with formula 
Li0.45-0.5xNi0.1CoxFe2.45-0.5xO4, where 0.02≤ x≤0.1in steps 
of 0.02 were prepared by sol- gel method.  Fine 
nanoferrite particles prepared by sol-gel method were 
sintered at much reduced temperature, i.e. 900°C. X-ray 
diffraction studies confirmed the formation of single-phase 
with spinel structure in all the samples. The structural 
parameters like lattice constant, crystallite size and density 
increased with Co2+substitution. The room temperature 
dielectric constant, dielectric loss and A.C. conductivity 
studied as a function of frequency showed dispersion. The 
value of dielectric constant decreased with Co2+ 
concentration and this is understood from the decrease of 
Fe2+ ions concentration with increased substitution. 
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