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ABSTRACT
This study aimed to compare the phase changes and morphology of yttria-stabilized zirconium oxide powders (YSZ)
synthesized by co-precipitation and molten salt methods. Ammonia precipitating agent was used for the synthesis of
YSZ powder by co-precipitation method and a mixture of sodium carbonate and potassium carbonate salts was used as
a molten salt in the molten salt method. Samples were characterized by X-Ray Diffraction (XRD), Field Emission
Scanning Electron Microscopy (FESEM), Fourier Transform Infrared Spectroscopy (FTIR), Thermal Gravimetric
Analysis (TGA), and Differential Scanning Calorimetry (DSC) analysis. The results showed that only the sample
prepared with zirconium oxychloride and yttrium nitrate by co-precipitation method had a single phase of yttria-
stabilized zirconium oxide with tetragonal crystal lattice and particle size distribution in the range of 30 to 55 nm. The
powder synthesized by the molten salt method contained a mixture of zirconia with monoclinic crystal lattice and yttria

stabilized zirconia with tetragonal crystal lattice and particle size of 200 nm.

Keywords: Yttria stabilized zirconia, Co-precipitation, Molten salt.

1. INTRODUCTION

Zirconium dioxide (zirconia, ZrQO,) with a melting
point of 2700°C and unparalleled chemical
resistance is of great importance in the ceramic
industry. The use of zirconia mainly depends on
its crystal structure, shape, grain size, and thermal
stability [1].

Yttria-stabilized zirconia (YSZ) has lower
thermal conductivity and a relatively high
coefficient of thermal expansion compared to many
other ceramics. Also, YSZ has a good abrasion
resistance, which is very important due to the
presence of high-velocity abrasive particles in the
flue gases used in ground and air turbine engines
[1,2].

So far, various chemical methods for the
preparation of zirconium dioxides are provided, such
as hydrothermal, microwave, sol-gel, thermal
decomposition, precipitation, sonochemical,
hemolysis, and molten salt. The advantage of the co-
precipitation method is that it is cheap and time-
consuming. Also, large quantities of nanoparticles

*: mrlestarki@mut-es.ac.ir

can be fabricated in low reaction volumes. The
molten salt method is also one of the simplest
methods of synthesis of pure powder and
stoichiometry of multicomponent oxides. In this
method, molten salts are used as solvents or
reactants, or sometimes both [3-10].

This study was conducted to investigate the
effect of using two types of zirconia precursors
(hydrated zirconium acetate and hydratedzirconium
oxychloride) in the co-precipitation method on the
microstructure and shape of the powder and to
compare the results with the molten salt method.

2. MATERIALS AND METHODS

2.1. Synthesis of YSZ nanoparticles

YSZ nanoparticles were fabricated by both
precipitation and molten salt methods.

A. Co-precipitation method: First, stoichiometric
amounts of zirconia precursor (ZrOCl,.8H,O or
ZrCsH205.6H,0) along with 7 wt.% of yttria
precursor (Y(NO3);.6H,O) were dissolved in
distilled water. Then, ammonia was added
dropwise up to pH = 10 (as the solution was
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Figure 1. XRD of C1 and C2 samples synthesized by
Co-precipitation method

stirring). White deposits gradually formed with
the addition of ammonia. The precipitates were
stirred for 30 minutes with a magnetic stirrer
(manufactured by Haidolf Co., Germany) and then
deionized several times with water and
centrifuged. The washed precipitates were placed
in an oven at 80°C for 24 hours to dry and finally
placed in a furnace (manufactured by Nabertherm,
Germany) at 800°C for 2 hours for the calcination
process.

B. Molten salt method: In this method, the amount
of 243 g of ZrOCL.8H,O and 0.237 g of
Y(NO3);.6H,O were used and the mixture of
molten salts were adjusted at 43 g KNOs and 50 g
NaNOs. The precursors and salts were mixed.
Then, they were placed in a furnace at 300°C

for 30 minutes to melt the salts and react. After
removing the precursors from the furnace and
cooling, the salts were centrifuged with deionized
water and dried in an oven. Finally, the powder
was subjected to two separate calcination
operations at 600°C and 800°C for 2 hours.

2.2. Characterization equipment

XRD (AW-DX300) and FESEM (FEG Quanta
250 model) were employed to characterize the
samples.

3. RESULTS AND DISCUSSION

Figure 1 shows the diffraction patterns of the
samples synthesized by the co-precipitation
method. Examination of diffraction patterns
shows that they correspond to the card number of
ICSD 01-082-1243, i.e. all peaks represent the
tetragonal phase of yttria-stabilized zirconia
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Figure 2. XRD of M1 and M2 samples synthesized
by molten salt method

without any yttrium peaks. Figure 2 shows the
XRD pattern of the sample synthesized by the
molten salt method before and after calcination.
The sample before calcination has an amorphous
structure with very small zirconia diffractions.
The XRD patterns of this amorphous material at
temperatures of 600 and 800°C for 2 hours are
also shown in Figure 2. According to diffraction
patterns, none of the samples is single-phase and
both have monoclinic (badlite) and tetragonal
zirconia crystal structures.

In Figure 3, SEM images in two different
magnifications are given for samples synthesized by
C1 and C2 co-precipitation methods, respectively. In
sample C1 (synthesized with zirconium oxychloride
precursor), the YSZ spherical nanoparticles are
formed, and 85% of the particle size is in the range
of 30 to 55 nm. In the C2 sample (synthesized with
zirconium acetate), more than 80% of the particles
are around 35-60 nm and some of the nanoparticles
are agglomerated and are in the range of 200-300
nm.

Figure 4 shows SEM images of zirconia
samples synthesized by the M1 and M2 molten
salt method. According to the images, the range of
particle size is greater than 200 nm.
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4. CONCLUSION

1. The results of the X-ray diffraction patterns
showed that the 7YSZ samples synthesized by the
co-precipitation method had a tetragonal single-
phase structure and the size of the crystals was
less than 34 nm.

2. The samples synthesized by the molten salt
method contained zirconia phase with monoclinic
crystal lattice and yttria stabilized zirconia with
the tetragonal crystal lattice. The volume
percentage of the monoclinic phase increased
from 16% to 24% by increasing the calcination
temperature from 600 to 800°C.

3. The average particle size of 7YSZ samples
synthesized by co-precipitation method in the
presence of zirconium oxychloride precursor was
found around 50 nm which was more than the
value of 200 nm found for samples synthesized by
molten salt method. Also, the samples synthesized
with zirconium acetate precursor had a dual
distribution of nanoparticles with an average
diameter of 50 nm and agglomerated
nanoparticles with a size of 200-300 nm.

Figure 4. SE images of M1 and M2 samples synthesized by molten salt method
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