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Abstract: The ceramics (LiNiysFe,sV0,) was prepared by solution-based chemical method and it has an orthorhombic unit cell
structure with lattice parameters a = 3.78 A, b = 15.82 A and ¢ = 5.56 A. Complex electrical modulus result shows: single-phase
character of the material in good agreement with the observations made from X-ray diffraction, and non-Debye type (polydispersive)
conductivity relaxation in the ceramics. The value of activation energy was determined from the Arrhenius plot of relaxation time vs.

10%/Temperature as ~ (0.157 + 0.003) eV at 21-100 °C.
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1. Introduction

Recently, scientists and industry peoples have given great
attention to lithiated transition metal oxides because of their
physical properties and technological applications [1, 2]. The
concept of electrical modulus is associated with
ionic/electronic conductivity in such oxides under the
influence of a.c. field [3, 4]. Our study is concerned with
frequency and temperature dependence of electrical modulus
properties and associated conductivity relaxation phenomena
of lithiated transition metal oxides. Electrical modulus
presents an alternative approach based on polarization
analysis [5, 6]. Complex electrical modulus plots give more
importance to elements with the smallest capacitance
occurring in the dielectric system. The electrical modulus
M’ (o) as expressed in the complex modulus formalisms are:
M (@) =1/¢ =j(@Ce)Z =M +iM, M = ©CoZ and M" =
©CoZ, where (M, Z' ) and (M, Z') are real and imaginary
part of electrical modulus and impedance respectively, j = (-
)" ® = angular frequency (2nf) and C, (geometrical
capacitance) = gy A/t (where g, = permittivity for free space,
A = area of the electrode surface and t = thickness) [7, 8]. In
the present investigation, a systematic study on electrical
modulus properties of the system (LiNiy;sFeysVO,) has been
undertaken. Electrical modulus properties of LiNi;;sFeysVO,
were studied using complex impedance spectroscopy method.

2. Experimental Procedures

Solution-based chemical method was used to synthesize the
LiNi3;sFeysVO, system. The stoichiometric amounts of
highly pure LiNO; (98%, M/s Loba Chemie Pvt. Ltd., India),
Ni(NO;),.6H,0O  (98%, E. Merck (India) Ltd.),
Fe(NO3);.9H,0 (>98%, E. Merck (India) Ltd.) and NH4;VOs;
(99%, M/s s.d. fine-chem Pvt. Ltd., India) were dissolved in
distilled  water and mixed together.  Thereafter
triethanolamine (>97%, E. Merck (India) Ltd.) was added
maintaining a ratio of 3:1 with metal ions. HNO; (68-72%, E.
Merck (India) Ltd.) and oxalic acid (>99%, E. Merck (India)
Ltd.) were added to dissolve the precipitate and then the clear
solution was evaporated at ~200 °C temperature with
continuous stirring. A fluffy, mesoporous and carbon-rich
precursor mass was formed by complete evaporation of the

solution. After grinding, the voluminous, fluffy and black
carbonaceous mass was calcined at 525 °C for 4 h to produce
the desired phase, which was confirmed by X-ray diffraction
analysis. The calcined powder was cold pressed into circular
disc shaped pellet of diameter 12-13 mm and various
thicknesses with polyvinyl alcohol as the binder using
hydraulic press at a pressure of ~ 7.85-9.81 MPa. These
pellets were then sintered at 575 °C for 2 h followed by slow
cooling process. The heating and cooling rates during
calcination and sintering processes were 3 °C / min. The
binder was removed during the sintering process.
Subsequently, the pellets were polished by fine emery paper
to make their faces smooth and parallel. One such sintered
pellet of average thickness (1.52 mm) and radius (5.59 mm)
was taken for electrical measurements. This pellet was finally
coated with conductive silver paint and dried at 150 °C for 3
h before carrying out electrical measurements. Electrical
modulus measurements were measured by applying a voltage
of ~0.701 V using a computer-controlled frequency response
analyzer (HIOKI LCR Hi TESTER, Model: 3532-50) with
varying temperature over the frequency range of 10°-10° Hz.

3. Results and Discussion

The LiNis;sFeysVO, has an orthorhombic unit cell structure
with lattice parameters (a =3.78 A, b=15.82 A and ¢ = 5.56
A) and polycrystalline texture with grains of different sizes
~0.1-2.0 pm, which are revealed by X-ray diffraction and
field emission scanning electron microscopy analysis,
respectively [9]. Furthermore, X-ray diffraction observation
shows that the material under consideration has single phase

[9].

Complex modulus spectrums (M vs. M) at different
temperatures are shown in Fig. 1. It confirms: (i) asymmetric
semicircular arcs in the pattern which suggests the existence
of electrical relaxation phenomena in the material, and (ii)
single phase character of the material in good agreement with
the observations made from X-ray diffraction [10, 5].
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Figure 1: Complex modulus spectrum of LiNis;sFe, s VO, at
different temperatures.
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Variation of M as a function of frequency at different
temperatures is presented in Fig. 2. It is clear that, M reaches
a maximum constant value M,= 1/e, at higher frequencies
and approaches zero at low frequencies. These characteristics
indicate that the electrode polarization makes a negligible
contribution in the material, and dispe'rsion causes

conductivity relaxation [11]. Furthermore, M levels off at
higher frequencies and temperatures due to the spread of
relaxation processes over a range of frequencies [11, 5].
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Figure 2: Variation of M as a function of frequency at
different temperatures.

Fig. 3 indicates the variation of M with frequency at
different temperatures. It is seen from the figure that M’
increases as frequency rises and takes a peak value at a
particular frequency [i.e., relaxation frequency (f))]. It is
proportional to d.c. conductivity and indicates the presence
of conductivity relaxation in the material [12, 13]. The
frequency regions to the left and right of peak indicate the
range in which charge carriers are mobile on long and short
distance, respectively. Shifting of the peaks towards the
higher frequency side with increasing temperature shows
temperature dependence of conductivity relaxation time 1, (=

1/2nf;). Moreover, the asymmetrical broadening of the peaks
indicates relaxation being non-Debye type [14-16, 8].
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Figure 3: Variation of M as a function of frequency at
different temperatures

The variation of 1, as a function of temperature is shown in
Fig. 4. The decreasing nature of 1, with temperature indicates
that relaxation mechanism is a thermally activated process.
This variation obeys the Arrhenius relation [t, = T, exp (—
E./kT)], where 15 is the pre-exponential factor, E, is
activation energy, k is Boltzmann constant, and T is the
absolute temperature [17, 18]. The value of E, has been
calculated using the Arrhenius relation and slope of the plot
as ~ (0.157 £ 0.003) eV at 21-100 °C.
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Figure 4: Variation of relaxation time (t,) as a function of
temperature.

The variation of M'/M . with log(f/f,.) at different
temperatures (Fig. 5) indicates the scaling behavior in the
sample. Approximately, same shape and pattern with slight
variation in FWHM (=1.14 decade) with increasing
temperature has been observed. In the pattern, low frequency
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Figure 5: The variation of M /M 1y With log(f/f,,y ) at
different temperatures

region of the peak is denominated by d.c. conductivity, and a
slight dispersion is observed in the high frequency region
[19]. This behavior suggests that the dynamical processes
occurring within the sample at different frequencies exhibit
the same thermal activation energy and are independent of
temperature with non-Debye type of conductivity relaxation.
Furthermore, this pattern suggests that the movement of ions
takes place via hopping mechanism [20, 16].

4. Conclusions

The LiNi3;sFeysVO, system has orthorhombic unit cell
structure with lattice parameters (a =3.78 A, b=15.82 A and
¢ =5.56 A) and polycrystalline texture with grains of unequal
sizes ~0.1-2.0 pum. This system has been produced by
solution-based chemical method. A detailed electrical
modulus study indicates that conductivity relaxation in the
material is non-Debye type (polydispersive) and thermally
activated process. The activation energy calculated from
electrical modulus spectra is ~ (0.157 £ 0.003) eV at 21-100
°C.
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