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Yttria stabilized zirconia (YSZ) nanoparticles were synthesized by the co-precipitation method.
The crystallinity, morphological and optical properties of the YSZ nanoparticles were studied by using
X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), FT-Raman, photoluminescence (PL) spectrum analyses. The grain size and crystal structure
of the YSZ was confirmed by XRD. SEM and TEM analyses showed that the synthesized samples
were composed of the size of nanometers. The optical property of the synthesized nanoparticles
was studied from the photoluminescence spectrum. The dielectric properties such as the dielectric
constant, the dielectric loss and AC conductivity of the YSZ nanoparticles were studied in the different

frequencies and temperature.
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1. Introduction

Zirconia (ZrO,) nanoparticles have been reported to
have unique properties such as excellent refractoriness,
chemical resistance, good mechanical strength, high
ionic conductivity, low thermal conductivity at high
temperature together with relatively high thermal expansion
coefficient and good thermal stability'2. A wide-ranging
industrial applications including fabrication of dense
ceramics, sensors, batteries, capacitors, corrosion-
resistant and thermal barrier coatings, solid electrolytes
for fuel cells, catalysts, etc. have been established?”. It
is therefore vital to study the ZrO, nanoparticles. Pure
ZrO, has three main polymorphs-monoclinic, tetragonal
and cubic. The monoclinic form is thermodynamically
stable at room temperature but transforms reversibly to
the tetragonal structure above 1170°C. High temperature
polymorphs (tetragonal and cubic) have to be stabilized
at lower temperature because of their application in
various fields, either by adding stabilizers such as Y,0,,
MgO, and CaO or by reduction in grain or particle size
into nanometer regime®. Owing to its wide applications
and exceptional properties such as high mechanical
strength, good chemical stability, high level of oxygen-
ion conductivity, corrosion resistance, low thermal
conductivity, and interesting luminescent functions,
yttria stabilized zirconia (YSZ) plays an important role
among the doped alloys of ZrO,”'%. In the present study,
co-precipitation method was employed to prepare the
Yttria stabilized zirconia nanoparticles. The structural,
spectral optical and electrical properties of the Yttria
stabilized zirconia nanoparticles were determined in
depth by means of XRD, FT-IR spectroscopy, PL, SEM,
TEM, and Dielectric measurements.
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2. Experimental Synthesis

For the preparation of Yttria stabilized zirconia (YSZ)
powders by co-precipitation method, zirconium (IV) acetate
hydroxide (C,H,,0,Zr), yttrium (III) acetate tetrahydrate
(C,H,0,Y*4H,0) and oxalic acid dehydrate (C,H,O,) were
used. The stoichiometric amounts of zirconium (IV) acetate
hydroxide and yttrium (III) acetate tetrahydrate were dissolved
in diluted acetic acid. The obtained solution of Y and Zr salts
was slowly poured into aqueous solution of oxalic acid under
active stirring at 60°C for 20 min. As a result, white opaque
colloidal solution was formed.To promote sedimentation,
concentrated ammonia solution was added drop-wise to the
reaction mixture up to pH 9—10. The precipitate was filtered,
washed with distilled water and acetone and then dried for
24 h at 100°C in air. The dried precipitate was ground to fine
powder using agate mortar and pestle. The powders were
calcined at 700°C for 3 h. The XRD pattern of the Yttria
stabilized zirconia (Y SZ) nanoparticles was noted by using
a powder X-ray diffractometer (Schimadzu model: XRD
6000 using CuKo (A= 0.154 nm) radiation, with a diffraction
angle between 20° and 80°. Scanning Electron Microscopy
(SEM) studies were carried out on JEOL, JSM- 67001. Image
of Transmission Electron Microscope (TEM) was taken
using an H-800 TEM (Hitachi, Japan) with an accelerating
voltage of 100kV. Raman spectrum was obtained using a
Bruker RFS 27: stand-alone model Raman spectrometer. The
photoluminescence (PL) spectrum of the Yttria stabilized
zirconia (Y'SZ) nanoparticles was recorded using the Perkin-
Elmer lambda 900 spectrophotometer with a Xe lamp as the
excitation light source. The dielectric - and the dielectric loss
of the pellets of Yttria stabilized zirconia nanoparticles in disk
form were examined for various frequencies and temperatures.
The dielectric properties of the Yttria stabilized zirconia (YSZ)
were analyzed over the frequency range 50Hz-SMHz using
a HIOKI 3532-50 LCR HITESTER.
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3. Results and Discussion

3.1 Structural Characterization

The XRD patterns of the Yttria stabilized zirconia (YSZ)
powders are shown in Figure 1. All the diffraction peaks are
indexed to the cubic zirconia. However, the characteristics
reflections for tetragonal and cubic phases are located and
hence the diffraction pattern of YSZ could be attributed
to the cubic and tetragonal phases'*-'®. All peaks obtained
by XRD analysis were assigned by comparison with data
from the Joint Committee on powder Diffraction Standards
(JCPDS).The average grain size (D) was calculated using
the Scherrer formula,

_ 094
~ Bcosd (1)

Where, A is the X-ray wavelength (CuK  radiation and
equals to 0.154 nm), 0 is the Bragg diffraction angle, and 3
is the FWHM (Full Width Half Maxima) of the XRD peak
appearing at the diffraction angle 0. The average grain size
was calculated from X-ray line broadening using Scherrer
equation and it was found to be about 12 nm.
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Figure 1: XRD patterns of as synthesized YSZ.

3.2 Morphological Characterization

The nanoparticles are in uniform spherical shape
and narrow size distribution as revealed by the SEM
images shown in Figure 2. Moreover, they confirm good
morphology with smaller nanoparticles size. It is seen
that equiaxial particles, uniform in shape and size, with
a relative tendency of agglomeration are observed. The
EDS spectrum shown in Figure 3 confirms the purity and
content of the synthesized sample clearly. The atomic
ratio of Zr:Y obtained from the EDS analysis agrees well
with the initial composition used for synthesis of the
nanomaterial. The TEM micrograph of yttria stabilized
zirconia powder is shown in Figure 4. The TEM images
indicate that the particles are of uniform size with an
average particle size approximately of 17 nm.
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Figure 2: SEM image of YSZ.
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Figure 3: EDS spectrum of YSZ.

3.3 FT-Raman Analysis

In the Raman spectrum shown in Figure 5, six prominent
peaks corresponding to the Raman-active modes of tetragonal
phase are observed for Yttria stabilized zirconia. The peaks
are directly related to the 3E, 2B, , and 1A, symmetries
as predicted and reported for the tetragonal phase17 18, The
Raman spectrum is found to be very similar, except for the
observed peak broadening and a slight shift in the E_(2)
peak to lower frequencies with yttrium dopant concentration.

3.4 Photoluminescence Studies

The photoluminescence spectrum was recorded
corresponding to an excitation wavelength centered at
293 nm. The PL spectrum of Yttria stabilized zirconia was
recorded at room temperature and is given in Figure 6.
Yttria doped zirconia, a UV emission centered at 365 nm,
an efficient violet emission centered at 400 nm, and a small
green emission at 495 nm were observed. It was found that
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Figure 4: TEM image of YSZ.
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Figure 5: Raman spectrum of YZS.
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Figure 6: PL spectrum of YSZ

the PL excitation band around 293 nm can be attributed to
defect states due to oxygen vacancies that exist at the grain
boundaries in the YSZ samples that are an inherent aspect
of nanocrystallinity'*%.

3.5 Dielectric Properties

The variations of dielectric constant with frequency and
temperature for YSZ nanoparticles are shown in Figure 7. At
low frequencies the dielectric constant of YSZ nanoparticles
is high and it decreases rapidly at all temperatures with the
applied frequency. It is also observed from the plot that
with an increase in the temperature, the dielectric constant
increases and this is attributed to the presence of space charge
polarization near the grain boundary interfaces, on which the
purity and exactness of the sample rely®!. Hence the dielectric
constant of nanostructured materials needs to be larger than
that of the conventional materials. Due to the grain boundary
interfaces structures the space charge polarization increases
and results into the large dielectric constant of nanocrystalline
materials at sufficiently high temperature. Figure 8 shows the
variations of the dielectric loss of YSZ nanoparticles with
frequency and temperature. The dielectric loss decreases
when the frequency increases and at higher frequencies the
loss angle remains nearly the same at all temperatures. In
dielectric materials, generally dielectric losses occur due to
absorption current®. The orientation of the molecules along
the direction of the applied electric field in polar dielectrics
requires a part of the electric energy to overcome the forces
of internal friction?. Another part of the electric energy is
utilized for rotations of dipolar molecules and other kinds
of molecular transfer from one position to another, which
also involves energy losses.
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Figure 7: Dielectric constant with log frequency.

3.6 AC Conductivity studies

Electrical conduction in Yttria stabilized zirconia
nanoparticles takes place as a result of electrons jumping
from the low valence state to high valence state as well as the
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Figure 8: Variation of dielectric loss with log frequency.

movement of ions. The frequency dependence behaviour of
the ac conductivity in the temperature interval from 30°C to
90°C is shown in Figure 9. The ac conductivity increases with
the increase in frequency for all temperatures. The increase
in frequency enhances the electron hopping frequency and
hence it is observed that ac conductivity gradually increases
with the increase in frequency of applied ac field. The
increased conductivity at higher frequencies could be due
to the reduction in space charge polarization*.
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Figure 9: AC conductivity plot for YSZ nanoparticles.

4. Conclusion

By using co-precipitation method Yttria stabilized
zirconia nanoparticles were synthesized successfully.
The structure was confirmed from the XRD pattern. The
synthesized samples were ascertained by SEM and TEM
analyses and the sizes calculated were in nanometers. The
optical properties were studied by using the PL spectrum.
The variations of the dielectric constant, the dielectric
loss, and AC conductivity with variation in frequency and
temperature for YSZ nanoparticles were analyzed. The
dielectric studies revealed that both the dielectric constant
and the dielectric loss decreased with increase in frequency.
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The AC electrical conductivity was found to increase with
increase in the temperature and frequency.
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