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Abstract: Zinc aluminate (ZnAl,O4) and bismuth substituted zinc aluminate (ZnAl; ¢Big104)
compounds of nano size were synthesized by co-precipitation method using ammonia as the
precipitating agent. The synthesized compounds were characterized by Powder X-ray
diffraction (XRD), Fourier Transform Infrared spectroscopy (FTIR), Scanning Electron
microscopy (SEM). The average crystallite size of the sample varied from 5.5 to 5.1 nm.
Influence of bismuth substitution on the dielectric constant and dielectric loss of zinc
aluminate was studied at room temperature as a function of frequency (10 Hz — 5 KHz).
These studies suggest that dielectric dispersion was due to Maxwell-Wagner Interfacial
Polarization. Variation in dielectric constant and dielectric loss was noticed with the
substitution of bismuth in zinc aluminate.
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Introduction

Spinel oxides have the general formula ofAB,O4. Were A is divalent and B is trivalent metal ion. A*"
ions occupy tetrahedral voids, B*" ions occupy octahedral voids and the anions are arranged in cubic closed
packed array" 2. Among the aluminates, zinc aluminates (ZnAl,O4) nanoparticles has received the attention in
various fields because of its interesting properties such as low surface acidity, high thermal stability, high
mechanical strength, better diffusion, low temperature sintering ability and chemical resistance®™*>*”. In general
zinc aluminate is used in sensors, high temperature ceramic materials, electronics, catalysis and catalyst
support™ '’ Current research in nanotechnology is reducing the size of the particle to the nano level, in order
to compare the properties of the bulk material and nanomaterial and also to study the effect of substituent on the
properties such as optical, electronic, catalysis at the nanolevel'" "2,

Kurien et al"® reported the dielectric properties of aluminates in terms of particle size, temperature and
frequency. It is observed from the literature that the dielectric property of the spinel oxide can be altered by
doping of the divalent or trivalent ions at the aluminium site in spinel aluminates. Since, the polarization in
spinel aluminates is determined mainly by the trivalent aluminium ion at the octahedral site'® '> '%'7 Mostly
zinc aluminate compounds are studied for catalysis, luminescent properties. But limited reports are available on
the dielectric property. Abdul Jammal reported on the dielectric property of zinc aluminate'®. Calcium doped
zinc aluminates are reported for microwave dielectric properties'. Tabaza et al reported the effect of bismuth
doping on the luminescent properties of magnesium aluminate*. Kim et al reported on the phosphorescence
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behaviour of bismuth doped zinc gallate*’. Bismuth doped zinc aluminate are not explored much like other
spinel aluminates. Rare earth substituted spinel aluminates are studied for dielectric properties® **. To the best
of our knowledge less work is reported on the dielectric property of the doped zinc aluminates.

Zinc aluminate nanoparticles have been synthesised by diverse methods such as sol-gel*, co-
precipitation®, hot injection thermolysis®, thermal decomposition’’, combustion®® and micro-emulsion®.
Among these methods, the co-precipitation method has the advantages such as homogeneity, high specific
surface area, high porosity and purity, low temperature preparation and simple process™".

In this present work, Zinc aluminate (ZnAl,O,4) and bismuth substituted zinc aluminate (ZnAl, 4Bij04)
nano crystalline powder are synthesized by co-precipitation method and characterized by various techniques.
The dielectric properties of the synthesized compounds are studied at room temperature as function of
frequency (10 Hz — 5 KHz).

Experimental

Materials

Zn(NOs),.6H,0 (s.d fine 99.0%), AI(NO;);.9H,0 (s.d fine 98.0%), Bi(NO3);.5H,0 (s.d fine 98.5%) and
ammonia solution (s.d fine AR).

Method

Zinc aluminate (ZnAl,O,) and bismuth substituted zinc aluminate (ZnAl, ¢Bip;04) nanoparticles were
prepared by co-precipitation method®'. The details of the procedure is as follows: stoichiometric quantities of
Zn(NOs5),.6H,0, AI(NO;3);.9H,0 and Bi(NOs);.5H,0 were weighed and dissolved in double distilled water.
Aqueous ammonia solution was added to the mixture of the solution to maintain the pH value 10.5. The
precipitated slurry was filtered and washed several times with distilled water and dried at 80°C for 24 h. The
obtained powder was treated at different temperature 300 — 700°C for 4 h with intermittent grinding.

Characterization

The compound was characterized by X-ray diffraction (model D8 advance BRUKER Germany) in the
2theta range 10°-70°.Fourier transforms infrared spectrophotometer was recorded in the range 2500-400 cm’'
using FT-IR SHIMADZU model and surface morphology was analysed by scanning electron microscopy
(ZESIS EVO18) . Sintered disc shaped samples with silver electrodes were subjected to the measurements of
dielectric constant and dielectric loss using an HP4194 analyzer.

Results and discussion
Powder X-ray diffraction (XRD)

The powder XRD pattern of zinc aluminate and bismuth substituted zinc aluminate (ZnAl, ,Bi,O4 x=0
and 0.1) are shown in Figurel. All the diffraction peaks can be fully indexed based on 2theta peaks at 19.42°,
31.40° 37.13° 46.52°, 55.80°, 59.93° and 66.08° which are corresponding to (111), (220), (311), (400), (422),
(511) and (440) diffraction lines showing that zinc aluminate is a cubic crystal system spinel structure (JCPDS
file n0.96-101-1002) of Fd3m space group. The lattice parameter (a) is calculated from the most intense peak
(311) using the formula™.

a= d [(h2+k2+12)] 172
Where h, k and 1 are miller indices, d is inter planar distance and ‘a’ is lattice parameter. Increase in
lattice parameter is observed because of the substitution of bismuth in zinc aluminate (Table 1). This could be

due to large ionic radii of bismuth (1.03 A) than alurnmlurn ion (0.53 A) Average crystalline size of the
nanoparticle is calculated using Debye — Scherer formula'®

0.94
D= coss

Where, D is average crystalline size, A is X-ray wavelength, B is full-with at half maximum (FWHM)
and 0 is Bragg’s angle was calculated intense peak (311). Average crystallite size is decreased from 5.590 nm to
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5.145 nm by bismuth substitution (Table 1).

Table 1: Lattice parameter and average crystallite size of the synthesized compounds

Compound | Lattice parameter(A) | Crystallite size (nm) Volume (A)’
ZnAlLO, 8.023 5.590 51643
ZnAl, oBig 04 | 8.083 5.145 528.10

JCPDS # 96-101-1002 ZnAl, Bi O,

(400)

Intensity (a.u)

Figure 1. Powder XRD pattern of ZnAlL,O4 and ZnAl, ¢Bij ;04

Fourier Transform infrared spectroscopy (FT-IR)

Figure 2 shows the FT-IR spectrum of parent and bismuth substituted zinc aluminates nanoparticles. The three
bands which are observed in the range 400-700cm™ are characteristics of zinc aluminate spinel structure. The
bands at 657 and 549 cm™' are due to symmetric stretching and bending modes of AlOgand the band at 484 cm™
is due to asymmetric stretching mode of AlO4 group™.
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Figure 2. FT-IR spectra ofZnAlL,O4 and ZnAl, ¢Bij ;04
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Scanning electron microscopy (SEM)

Scanning electron microscopic images are given in Figure 3. Micro structural image of zinc aluminate
shows some distinguished grains of different shapes with some agglomeration. But in the case of substituted
zinc aluminates more agglomerated cluster like morphology is observed.

EHT = 20,004V Signai A = SE1 Diale 9 Jan 2015 o EHT = 2000 kv Sigral & = SE1 Diate 9 Jan 2015
WO B5mm Mags 142KX Tirte 174672 WO = 130 mn Mg 125KX Tire 14:36:20

Figure 3. SEM images of ZnAl,O4 and ZnAl, yBij 104
Dielectric properties

The variation of dielectric constant (g') and dielectric loss (tan]) with applied frequency (10 Hz — 5
KHz) for zinc aluminate and bismuth substituted zinc aluminate at room temperature are given in Figure4 and
Figure 5. It can be seen that the dielectric constant decreases with increase in frequencies in both the
unsubstituted and bismuth substituted compounds. According to Maxwell-Wagner model** and koops theory®®,
dielectric medium consist of poorly conductive grain boundaries and conductive grains. In the presence of the
external electric field, charge carriers can easily move through the grains but accumulated in the grain
boundaries. This causes large polarization and enhanced dielectric constant at lower frequencies. Increase in the
surface area of the grains in the nano regime could be one of the reasons for enhanced dielectric constant
because of large surface polarization®. The substitution of bismuth increases the dielectric constant of zinc
aluminate. Rajeevan et al also reported the same behaviour for bismuth substituted cobalt manganite®’. The
decrease in average crystallite size by the introduction of bismuth could be one of the reasons for enhanced
dielg:sctric constant. Since, the number of grain per unit volume increases with decrease in average crystallite
size™.
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Figure 4. Variation of dielectric constant (¢’) a) zinc aluminate b) bismuth substituted zinc aluminates at
room temperature
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From the Figure 5 it is observed that dielectric loss decreases continuously with the frequencies, this
may be due to space charge polarization®. A slight increase in dielectric loss is noted at lower frequency in the
bismuth substituted compound than the parent compound. But at higher frequency the dielectric loss of both
compounds are almost constant. Saha et al reported that this very low dielectric loss in the high frequency
region makes this material suitable for high frequency applications™.
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Figure 5. Variation of dielectric loss (tan[]) of zinc aluminate and bismuth substituted zinc aluminates at
room temperature

Conclusion

Bismuth substituted zinc aluminates (ZnAl, Bi,O4 x=0, 0.1) spinel type sample have been prepared by
co-precipitation method using ammonia as the precipitating agent. XRD patterns revealed the formation of pure
phase without any impurities. The substitution of bismuth increases the lattice parameter and decreases the
particle size. An increase in the dielectric constant (¢’) and dielectric loss tangent (tan[J) of zinc aluminates at
room temperature have been observed due to the substitution of bismuth ion. The low dielectric constant and
dielectric loss at high frequency region make this material suitable for high frequency applications.
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