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ABSTRACT- In this attempt, Zirconia (ZrO,) was successfully synthesized using the
optimized wt. % of Zirconium nitrate as a source material and the appropriate amount of sodium
hydroxide (NaOH), potassium hydroxide (KOH), sodium carbonate (Na,COsz) and ammonia
(NH3) as precipitation agent using co-precipitation method in the absence of surfactant. The
monoclinic structure was confirmed using XRD analysis (JCPDS card no.89-9066). The
crystallite size was calculated as 20-58nm using Debye-Scherer formula. Zr-O stretching
vibration and Zr-O,-Zr asymmetric vibrations were confirmed through FT-IR analysis. The
different morphology was obtained through SEM analysis. The as prepared ZrO, could be used as
filler in the lithium polymer battery electrolyte application.
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1. INTRODUCTION nano particles with different morphologies
Zirconia (ZrO,) has been extensvely and Size such as nano spheres, nano fibers,

used in many fields enclosing such as Nano belts and flower-like structures.
catalysts, catalytic supports, oxygen sensors, Among these, co-precipitation method
fuel cells dielectrics, super capacitor etc, @S been widely practiced owing to the

Enormous studies motivated the development ~ Production of homogenous, -high-purity and
of Zirconia nanoparticles with enhanced Crystaline oxide powders at low cost and also
properties, which exposed that physical and this SII’ﬂp|6 method aIIow_s scaling up fo_r mass
chemical properties of the materials not only ~ Production [4].  In this attempt, Zirconia
depended on their chemical composition and ~ (£rO2) was synthesized using Zirconium

phase structure but were also associated to nitrate as a source material and different
their morphology, size etc., [1-3]. Numerous ~ Precipitation agents like NaOH, KOH, N&,COs

methods  including hydrothermal,  sol-gel, and NH3 using co-precipitation method in the
chemical vapor  deposition,  sputtering, absence of any surfactants and templates. The

microwave asssed and co-precipitation & Prepared ZrO, were characterized for
method have been used to prepare Zirconia
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structural, vibrational and morphology studies
by XRD, FTIR and SEM analysis.

2. MATERIALS AND METHODS

Samples were obtained by co -
precipitation method with sodium hydroxide,
potassium hydroxide, sodium carbonate and
ammonia as precipitation agent and zirconium
nitrate as raw material. The morphology of the
powder was analyzed by scanning electron
microscopy (SEM, Hitachi S-4700 Type II)
operated at an accelerating voltage of 25Kv.
The phase and crystalline size were estimated
through X-ray Diffraction measurements
(XPERT-PRO with Cuka radiation). FTIR
study was made using Thermo Nicolet 380
Instrument Corporation with KBr in the 4000-
400 cm™ region.

3. RESULTS AND DISCUSSION
A.XRD ANALYSIS

The XRD pattern of the prepared ZrO,
nanoparticles (Fig.1) with various precipitation
agents such as NaOH, KOH, Na,COsand NH3
were labeled as Al, Bl, C1 and D1
respectively. A monoclinic structure of the
ZrO, with lattice
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Figure 1- XRD pattern of ZrO,nano Al) NaOH B1)
KOH C1)Na,CO3; D1) NH; as a precipitation agent
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parameter of a= 5.146; b= 5.205; c=5.313A is
observed, and the peaks at 20 = 23.98, 27.97,
31.43, 34.89, 50.32 and 60.15° were assigned

to (011), (i11),(111),(102),(i22) and (310)
reflection planes of monoclinic  ZrO,
respectively, and agreed well with that in the
JCPDS card no0.89-9066. The absence of
impurity peaks and high intensity peaks in the
pattern revedled that the prepared ZrO,
particles were pure and in good crystalline
nature. The crystalline size of the particles was
estimated by Debye-Scherer formula. The
values are 51, 58, 31 and 20nm for A1, B1, C1
and D1 respectively. The precipitation agent
had significant role on the ZrO, crystaline
size. Thiswasin very close agreement with the
previous literatures [5-6].

B. FTIR analysis

The bonding nature and purity of
nanoparticles were examined by the FT-IR.
Fig2 shows the FT-IR spectra of
ZrOznanoparticles using various precipitation
agents. The sharp peaks at 510 and 771 cm™
corresponding to Zr-O stretching and Zr-O,-Zr
asymmetric mode respectively of monoclinic
structure of ZrO, confirm the presence of
monoclinic ZrO, nano particle and broadness
of the band indicated that ZrO, powders were
nano crystals[7].
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Figure 2- FTIR spectra of ZrO, nano particlesAl)
NaOH B1) KOH C1) Na,CO; D1) NHz asa
precipitation agent.
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The broad peaks located at 3465 and
1656 cm™ revealed the —OH stretching and
bending vibration of absorbed water and the
peak at 1408 cm™ implied that the hydrated
molecular could be in hydroxyl group[8]. The
FT-IR studies were in agreement with the
XRD pattern of the ZrO, as both confirmed the
presence of monoclinic ZrO, phase.

B. SEM analysis

Fig 3 shows the surface morphological
study of the samples Al to D1. The samples
exhibited different morphology. The sample
Al showed bundles of nano rods (0.31x
0.52um). Bl and C1 showed that

microstructure of grains of the sample were
ultra-small and agglomerated.

Figure 3 SEM images of ZrO, nano particles A1)
NaOH B1) KOH C1) Na,CO3; D1) NHzasa
precipitation agent.

Most of the grains containing a large
number of atoms were very smal in
dimensions, having average size of 3ym and
6um. The size distribution was extraordinary
narrow. D1 revedled cauliflower like
morphology and the particles were in
agglomeration nature. The particle size was
detected as 76nm. This process of particle
morphology evolution can be described in
terms of oswald-ripening [9].
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CONCLUSION

The Zirconia (ZrO;) was successfully
synthesized by co-precipitation method using
various precipitation agents such as NaOH,
KOH, NaCO; and NHs;. The monoclinic
structure with Fm-3m phase group was
confirmed by XRD anaysis. All the peaks
were exactly correlated to the JCPDS card
no.89-9066. The Zr-O stretching vibration and
Zr-Ox-Zr bending vibrations were confirmed
through FTIR analysis. The different
morphology of the powder was observed
through SEM analysis. The bundles of nano
rod with the size of (0.31x 0.52um) were
observed for NaOH as precipitation additive.
With NHz; as precipitation agent, the
cauliflower like morphol ogy and
agglomeration of particles were observed.
Some particles were visualized and size was
detected as 76nm. The ZrO, nano particle was
tuned in terms of structural, morphology and
size. The as prepared nano ZrO, could be used
as filler in Lithium polymer battery
application.
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