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ABSTRACT
Tetragonal structure of zirconium oxide (ZrO,) nanoparticles has been successfully
synthesized by a simple hydrothermal process. The structural, morphological and optical
properties of ZrO, nanoparticles are investigated using by the X-ray powder diffraction
(XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and photoluminescence (PL) emission
spectroscopy analysis.
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1. Introduction
Nanocrystalline particles play an important role in optoelectronic applications and
mesoscopic physics research. These nanocrystalline particles exhibit size-dependent
properties, and novel optical, electronic, magnetic, mechanical properties that cannot be
achieved using their bulk counterparts [1-4]. Zirconium oxide is one of the most
intensively studied materials owing to its technologically important applications in
oxygen sensors, fuel cell electrolytes, catalysts and catalytic supports, metal oxide-
semiconductor devices, superior thermal and chemical stability etc [5]. Many different
methods of producing nanosize zirconium oxide powder were described in the literature,
such as sol-gel processing, hydrothermal processing, and precipitation method [6].
Among these methods listed above, hydrothermal synthesis meets the increasing demand
for the direct preparation of crystalline ceramic powders and offers a low temperature
alternative to conventional powder synthesis technique in the production of anhydrous
oxide powders. This technique can produce fine, high purity and stoichiometric particles
of single and multi-component metal oxides. Furthermore, if the process conditions such
as solution pH, solute concentration, reaction temperature, reaction time, seed materials,
and the type of solvent are carefully controlled, the zirconium oxide particles with desired
shape and size can be produced [7].

In this paper, we present the synthesis of zirconium oxide nanoparticles by
simple hydrothermal process, and to investigate the effects of two different temperature
conditions on particles size, morphology and optical properties.

2. Experimental procedure
2.1. Synthesis of ZrO, nanoparticles
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All the reagents were of analytical grade and were used without any further purification.
In a typical synthesis, 0.1M of ZrOCl,-8H,0 dissolved in 80 ml of distilled water under
vigorous stirring, after few minutes, 0.2 M of KOH was added into the above solution.
Subsequently, sol solution was formed and transferred into stainless steel Teflon lined
autoclave capacity of 100 ml and maintained it an oven at 160°C for 24 hrs. The resulting
precipitates were washed with distilled water and absolute ethanol to remove the soluble
impurities and depress agglomeration, respectively. The final product was dried in
vacuum at 60°C for 5hrs and named as ‘Z1’. The same procedure was followed for the
preparation of ‘Z2’ at 190°C instead of 160°C.

2.2. Characterization of synthesized ZrO, nanoparticles

The crystal structure and size of the resulting products was characterized by X-ray
powder diffraction (XRD) on a JSO-DEBYEFLEX 2002 X-ray diffractometer with Cu-
Ka radiation (A=0.1540nm), employing a scanning rate of 0.02%s in the 26 ranging from
20 to 80°. The functional groups of the materials were carried out by Fourier transformed
infrared (FTIR) spectra on the Nicolet 205 spectrometer. The morphology of the products
was observed by scanning electron microscopy (SEM, Hitachi S-4500 scanning electron
microscope) and size of the products was further confirmed by transmission electron
microscopy (TEM, JEOL-3010 operating at 200KV). Before TEM imaging, the products
were ultrasonically dispersed in methanol. Optical properties of the products were carried
out by Photoluminescence (PL, Fluoromax-4 spectrofluorometer with a Xe lamp as the
excitation light source).

3. Results and discussion

The purity and crystallinity of the obtained ZrO, nanoparticles were examined by using
powder XRD analysis. Figure 1 show the XRD pattern of ZrO, nanoparticles prepared at
160 and 190°C, respectively. It can be seen from the Fig.1; both of them indexed
tetragonal phase of zirconium oxide (JCPDS Card no. 79-1771) and sample ‘Z1’ exhibits
broad diffraction peaks comparing than that of ‘Z2’, indicating the extremely small
dimension of the ZrO, nanoparticles [8].

The average crystallite sizes of the ZrO, nanocrystallites have been estimated by

Scherer’s formula:

D = K\/Bcosd
where K =0.9 is the shape factor, A is the X-ray wavelength of Cu_Ka radiation (0.1542
nm), 0 is the Bragg angle, and B is the experimental full-width at half-maximum
(FWHM) of the respective diffraction peak (in units of radians). The average particles
diameters of the ZrO, nanoparticles were calculated to be 5.12 and 7.09 nm for samples
*Z1’ and *Z2’, respectively.

FTIR spectroscopy is a useful tool to understand the functional group of as-
synthesized materials. Figure 2 show the FTIR spectra of the as-synthesized ZrO,
nanoparticles Z1 and Z2, respectively. The broad and sharp peaks located at 3414 and
1620 cm™ are associated with the —OH stretching and bending vibration of adsorbed
water and the peak at 1426 cm™ implied that the hydrated molecules could be in hydroxyl
group [9]. The observation of a strong band observed different energetically bonding
states. The band located at ~683cm™ corresponds to Zr-O vibration of tetragonal
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structure and the broadness of the band indicates that the ZrO, powders are nanocrystals
[10].
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Figure 1: XRD patterns of prepared ZrO, nanoparticles: (a) Z1 and (b) Z2
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Figure 2: FTIR spectra of as-synthesized ZrO, nanoparticles: (a) Z1 and (b) Z2
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Figure 3: SEM images of ZrO, nanoparticles: (a) Z1, (b) Z2 and (c) EDX spectrum of Z1

Figure 3 (a-b) shows the surface morphological study of the zirconium oxide
nanoparticles. The samples exhibited spherical-like morphologies; however, there is
variation in size of particles diameter between the samples prepared at 160 and 190°C
temperatures. Figure 3(c) shows an elemental analysis of the ZrO, nanoparticles, in
which the peaks of Zr and O are pronounced. The formation and composition of
crystalline ZrO, nanoparticles are justified from quantitative analysis, which reveals that
the Zr and O as the only elementary species in the sample indicate that, high purity and
no any other impurity in the sample.

The morphology and size information of the sample was further investigated by
TEM analysis. Figure 4 shows the TEM image of the ZrO, nanoparticles obtained at
160°C along with corresponding particles size distribution. The well dispersed spherical-
like morphology of nanoparticles was obtained,; its size was about 5 nm on average. The
particle size histogram of zirconium oxide nanoparticles (Figure 4(b)) shows that the
particles range in size from 3 to 7 nm. The size of the particles observed from the TEM
studies are in good agreement with average size obtained from the XRD results.

The room temperature photoluminescence emission spectra of ZrO, nanoparticles
are as shown in Figure 5. The spectra show the broad emission bands at ~510 nm for both
samples. The PL emission bands in the present ZrO, might be due to the transitions from
the surface trap states in the conduction band to lower energy levels close to the valance
band. This is in agreement with the results reported in the literature [11, 12]. Due to a
very narrow particle size distribution, it can be mentioned that the small particle size was
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the main reason for the broad fluorescence band [13, 14]. The bands observed at ~482
and 492 nm might be due to the presence of oxygen vacancies [12]. The prepared ZrO,
nanoparticles provide a great potential in future optoelectronic nanodevice applications.
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Figure 4: TEM image of Z1 and corresponding particles size histogram
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Figure 5: PL emission spectra of ZrO, nanoparticles: (a) Z1 and (b) Z2

4. Conclusion

A simple low-temperature hydrothermal process using to prepare small sized tetragonal-
ZrO, nanocrystallites. The spherical shaped particles with average sizes of 5 and 7 hm
were obtained, which was confirmed by SEM, XRD and TEM studies. The room
temperature PL emission spectra revealed that the obtained emissions bands were
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attributed to the surface defects and oxygen vacancies in the material. This work would
be meaningful to provide a methodology to synthesize ultrafine nanomaterials. This
method can be applied to a wide range of materials for various branched nanostructures,
which may serve as potential building blocks in different advanced nanodevices.
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