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Abstract

The NigsZnosWO, microtone was prepared via conventional solid-state synthesis
techniques and its phase formation with monoclinic structure (space group- P2/c) was
investigated with a view to understand its structural, morphological and dielectric
properties. The phase formation and average particle size (31.38 um) were ascertained by
X-ray Diffractometry (XRD) and Field emission Scanning Electron Microscope (FESEM)
techniques respectively. The real and imaginary impedance Z', Z", dielectric constant (e;),
loss (8) and ac conductivity (c4c) was measured in the frequency range 100Hz-1MHz with
high-temperature evolution (200° ¢c-460° c¢).The dominancy of electrode ceramic effect
and Non-Debye type dipolar relaxation was observed with high temperature evolution
above 200°c.The dielectric constant and loses was enhances with increase of temperature
and ac conductivity was fitted with well-known Jonscher power law with dc activation
energy 0.834 eV.
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1. Introduction

Nowadays, the transition metal tungstate MWO, (Ni, Zn, Mg, Co) have been attracted
much attention due to their structural, magnetic and optical properties [1, 2]. Among them,
NiWQO, and ZnWOy, are technologically promising materials for their versatile applications
like humidity sensors, microwave, photoluminescence, acoustic, optical fibers, phase-
change optical recording, magnetic properties and catalysis etc. [3, 6]. The dielectric and
thermo-physical properties of NiWO, and ZnWO, were investigated by various
researchers [7] but the electrical transport properties of NigsZnosWQO;, are still unreported.
The unique combination of physical, chemical properties (with regard to electronic and
molecular versatility, stability and reactivity) and identical ionic radius of Ni (83 pm) and
Zn (88 pm) motivated us to characterize the modified structural and dielectric properties of
Nip5ZnosWO, for its explored application in high temperature.

In this present work, we prepared NipsZnosWO, Micro particles Via conventional solid-state
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route and made an attempt to study the high temperature dielectrics and ac conductivity
analysis. Impedance spectroscopy estimations over a reasonable frequency range can permit
the clarification of the contributing impacts of the bulk counterpart and grain boundaries to
the entire conductivity of the sample.

2. Experimental Details

2.1 Materials used and synthesis process

The NigsZnosWO, micro stone were prepared by solid-state synthesis technique taking NiO
(99.99%), Zn0O (99.99%) and WO3 (99.99%) as primary raw reagent with their stoichiometric
ratios (0.5:0.5:1). All chemicals were mixed properly, grind well for 2 hours and calcined at

900°% for 12 hours. The obtained powder again grinds well to make pallet and sintered at
900° for 6 hours. The solid-state synthesis processes are portrayed below-
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Scheme.1: Schematic flow-chart of synthesis of NiysZnosWO, micro particles.
3. Result and Discussion

3.1 Structural & Morphological Analysis

The as-prepared samples were characterized by X-Ray diffractometer techniques (X-Pert,
PANalytical, PW 3040/00, Netherlands) using Co-Ka source in the 20 range of 20° to 80° is
shown in [Fig.1A]. The XRD refinement reveals the monoclinic wolframite-type structure of
NigsZngsWO, with P2/c space group and Cp, point group symmetry lattice parameter
a = 4.6525A, b = 5.7024,c = 4.8923A and B=90° respectively [8, 9]. The surface
morphology was characterized by Field emission Scanning Electron Microscope (Nova
NanoSEM/FEI with resolution 1.4 nm @ 1kV). The FESEM micrographs of NipsZnosWO,
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powder samples are represented in [Fig.1A inset] which exhibits its stone-like crystal growth
in um range and the average particle sizes were determined around 31.38 pum. The EDS
spectra displayed the presence of elemental compound Ni, Zn, W and O with their
normalized weight and atomic percentages are shown in [Fig.1B].
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Fig.1: The Xrd pattern (A) and EDAX spectra (B) of as-synthesized NiysZngsWO, micro
stone.

3.2 Impedance Analysis

The frequency dispersive real and imaginary impedance spectra are carried out by Hioki
impedance analyser IM3570 between 100 Hz-1 MHz at the different temperature from 200°c-
460°c are shown in [Fig.2 A&B]. The frequency independent dc conductivity plateau
strengthens itself with high-temperature evolution and frequency dependent ac conductivity
curtailed gradually. The similar identical trends were observed from the ac conductivity plot.
The Z'" was also decreased monotonically with an increase of frequency and merged together
with a higher frequency which indicates the weak relaxation in low temperatures. This arises
due to the freezing of dipoles and consequently, the small values of dielectric constant and
loss were observed at low temperatures. The cole-cole plot (Z' — Z"') of impedance assures
the presence of the grain, grain boundary and electrode interface contribution and modeled in
terms of their equivalent circuit which was displayed in [Fig.2 C&D]. The complex
impedance can be expressed as,

1 1 1
Rg'+jwCy ~ Rgp+jwCgp ~ Rgl'+jwCer’

imaginary (Z'" = Zsin0) impedance can be represented as [10],

Z*=7'—-i7" = where real (Z' =Zcosf) and

I Rg + Rgb + Rel ( )
1+(wRyCy)? ~ 1+(wRgpCgp)?  1+(WReiCep)?

7! = Rg [ WRGCy ] + Rgb[ WRgGpCgp ] + Rel[ WReCol ] (2)

1+(wRyCy)’ 1+(wRgpCyp)" 1+(wRe1Ce)?
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Where w is the angular frequency and Ry, Rgp, Rep and Cg, Cyp, Cey IS grain, grain boundary,
electrode interfaces resistance and capacitance respectively. The electrode ceramic interface
contribution for surface charge polarizations plays an important role in the cole-cole plot in
high temperature and it dominates the grain and grain boundary contribution above 200°c.
The unique relaxation processes were modeled with R(QR)(QR)(CR) circuits by ZSimpWin
software and the extracted parameters confirm the prevalence of electrode ceramic effect. The
constant phase elements (CPE) are related to the capacitance and resistance value of grain,
grain boundary and can be expressed as [11],

1
C = (R¥.Q)a... (3)
The value of « is unity for the pure capacitor and zero for the pure resistor.
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Fig.2: The frequency dependence real and imaginary impedance (A & B) and Cole-Cole plot
(C) (Z' vs. Z'") of impedance at a different temperature.

3.3 Dielectric and ac Conductivity Analysis

The dielectric constant (e;) of the as-prepared samples was calculated from the plate

capacitance (C,) using the relation, €, = % where C, is the palate capacitance and d, A are
0
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the thickness and area of the pallet. The dielectric constant lessened with the increase of the
frequency of the applied field at any particular temperature and shown in [Fig.3A]. In low-
frequency regime, dielectric constant arises due to combinations of several kinds of
polarizations viz. deformational (ionic, electronic) as well as relaxation (interfacial and
orientational). As soon as the frequency starts increasing, the electric dipoles unable to follow
the frequency of the applied field and leads the diminish of orientational polarization. At high
frequency, the dielectric constant reaches a stationary value due to interfacial polarization. In
low temperature, the dipole cannot orient themselves due to less thermal excitation and
lessened the dielectric constant at any particular frequency. The orientations of dipoles are
facilitated by thermal movement at high temperature and enhance the electrical permittivity.
The dielectric loss [Fig.3A inset] also followed similar trends like permittivity [12].

The ac conductivity of nickel-zinc tungstate micro-stone was determined using the following
VA
AZr2+Zn?
frequency dependent ac conductivity (ii) frequency independent dc conductivity which has

been fitted by the acclaimed Jonscher power law, [13]
oi(w) = 04. + Bw™... (4)

Where a;(w) is the total ac conductivity and n is the frequency exponent. The variation of dc
conductivity with inverse absolute temperature are shown in [Fig.3C] and it exhibits a linear
response which was elucidated by a thermally activated transport of Arrhenius type equation
which was governed by the relation below [14],

0acT = 0pexp (—Eq/kgT)..... ()
where oy, E, and kg are the pre-exponential factors, dc activation energy of mobile charge
carriers and Boltzmann constant respectively. The dc activation energy for conduction
processes was estimated 0.834 eV from the slope of the straight line.
The variation of frequency exponent n with temperature [Fig.3D] also suggests the possible
reasons for the conduction mechanism. Hence, it was observed from the graph that the
frequency exponent was increases gradually with temperature evolution and saturates. Thus,
this result recommends that the conductivity mechanism can be manifested by non-
overlapping small polaron tunnelling (NSPT) concept and the parameter n is evaluated as
follows [15],

expressions; o, = . The total ac conductivity [Fig.3B] possesses two regions, (i)

4

) -

where, {, and wj, denotes the characteristics relaxation time and polaron hopping energy.
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Fig.3: The dielectric constant (e,), loss (3) (A), ac conductivity (B) vs. frequency, dc
activation energy (C) and the variation of frequency exponent (D) at the different temperature

4. Conclusion

The NipsZnosWO,4 micro stone was synthesized via solid-state synthesis route and its phase
formation and structural morphology were characterized by XRD and FESEM techniques.
The intra and inter-grain contribution and dominancy of electrode ceramic surface charge
polarizations were distinguished from a cole-cole plot of impedance spectra. The decaying
nature of dielectric permitivity and loss with frequency dispersion was observed and it
recommednds the Maxwell-wagner type surface charge polraizations.The ac conductivity was
fitted with the well-known Jonscher single power law and the dc activation energy (0.834 eV)
was estimated from the slope. The growing nature of frequency exponent with absolute
temperature suggests the non-overlapping small polaron tunneling mechanism in conduction
processes.
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