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Abstract: Colloidal spherical particles (micrometer size)
of zirconia were synthesized at 50°C by homogeneous
precipitation method from aqueous solutions, containing
appropriate amounts of zirconium chloride, hydrochloric
acid, potassium sulphate and urea. Results revealed that
reactants concentration significantly affected characteris-
tics of the precipitated solids, which ranged from gel to
dispersion of discrete particles. Size uniformity in the re-
sulted particles was obtained only under limited condi-
tions. SEM images revealed that particles of zirconia ob-
tained under the described experimental conditions have
spherical morphology, which maintained their original
shape after calcination at 700°C. Selected powders were
also characterized with XRD, TGA/DTA, and FT-IR tech-
niques. XRD results showed that as-prepared and calcined
powders were crystalline. We believe that our method is
simple and has the potential for further tailoring of the
particles characteristics. Work is in progress in our labora-
tory in developing Cu-ZrO, metal matrix composite coating
on steel substrate with better resistant properties than
simple Cu electroplating.
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1 Introduction

Uniformity in particle size and shape is desirable in
powder-based technological processes, such as pigments,
advanced ceramics, catalysis, adsorption, gas sensors,
piezoelectric materials, directional delivery drugs, solid
lubricants and metal matrix composites [1-4] etc. In this

regard, material scientists and powder technologists have
been working on developing methods for the production
of powder materials, comprised of particles, having rea-
sonable uniformity in their morphological features. To
name a few, these methods include sol-gel, laser ablation,
forced hydrolysis, and homogeneous precipitation [5-7].
Among these methods, homogeneous precipitation is con-
sidered the most versatile method in terms of producing
particles in various shapes and sizes [8, 9]. Zirconia is an
important material because it has a unique set of excellent
mechanical, electrical, thermal and optical properties
makes it a best choice for use in industry such as catalysts,
fuel cells, batteries, capacitors, electrodeposition and in
fabrication of gas sensors [10, 11]. It has an important role
in advanced ceramics due to its excellent chemical resis-
tance, ionic conductivity and polymorphic nature [12].
Zirconia particles in different morphologies have been
synthesized by using different methods [13-15] but in most
of the cases in the presence of various additives and sur-
factants in organic medium at high temperatures [16-18].

The aim of the present study was to establish a recipe
for uniform micron size zirconia particles without any aid
of organic or polymeric additives in aqueous medium by
homogeneous precipitation method.

2 Experimental

2.1 Materials

Zirconium chloride, Potassium sulphate, Hydrochloric
acid and Urea were obtained from the reputed companies
and used as received. Solution storage and reactions were
carried out in Pyrex glass vessels. All the solutions were
filtered through membrane filters before use in order to
remove the insoluble impurities, if any.

2.2 Synthesis of ZrO, precursor particles

Particles of ZrO, were synthesized by the method of homo-
geneous precipitation. For this system, aqueous solutions
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containing known amounts of zirconium chloride, potas-
sium sulphate, urea and hydrochloric acid were heated in
a double-walled Pyrex glass container at different tem-
peratures (50-90°C) for various periods of time. Tempera-
ture of the reaction vessel was maintained constant at the
given value by circulating hot water in the double-walled
jacket of the reaction vessel from a circulating thermo-
stated water bath. After predetermined aging time, the re-
sulting dispersions were quenched to room temperature
in an ice-water bath and the precipitates were separated
from mother liquor through vacuum filtration by using
membrane filters. The solids was extensively washed first
with doubly distilled water and then with ethanol. The air
dried powder was stored in a desiccator for further use.

2.3 Heat-treatment

Samples of the above mentioned synthesized dry powders
were heated in a tube furnace (Nabertherm, M7/11
equipped with the programmable controller) up to 700°C
at the heating rate of 5°C/min and then kept at this tem-
perature for 1 h. The samples were cooled down to room
temperature inside the furnace by turning it off and then
stored in a desiccator.

2.4 Characterization

Selected batches of the as-prepared and heat-treated
solids were characterized by various physical methods.
Particle morphology was analyzed with scanning electron
microscope (JSM-5910, JEOL). For this purpose, the sample
was prepared by mounting small quantity of the desired
powder on aluminum stub with the help of a double-stick
conducting tape and then coated with gold in an auto fine
coater (JEOL, JFC-1600). IR spectra of the same solids were
recorded with FTIR (Schimadzue, IR Prestigue-21) in the
range 400-4000 cm™'. Before each run, the sample was
thoroughly mixed with KBr in appropriate ratio and then
transferred to the sample holder of the diffuse reflectance
accessory (DRS-800A), installed in the same instrument.
Similarly, the crystallinity of these powder samples was
assessed from the XRD patterns, obtained with x-ray dif-
fractometer (JEOL JDX-3532) using Cu-Ko. radiation. The
accelerating voltage and the applied current were 40 kV
and 20 mA, respectively. The sample was scanned in a 26
range 5-80° with the step angle of 0.02°. Thermal behav-
ior of the samples was evaluated with a simultaneous
TGA/DTA analyzer (Diamond TGA/DTA Perkin Elmer) at
the heating rate of 5°C/min in the flow of air.
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3 Results and discussion

3.1 SEM

Precipitation of zirconia particles was carried out by
varying the experimental conditions, such as concentra-
tion of the reactants, aging time, temperature, etc. SEM
analysis indicated that morphology of the precipitated
particles was dependent upon relative amounts of the
starting chemicals in the reactant mixtures, and aging
time. In fact, the precipitation of the dissolved zirconium
ions into precipitated solids was triggered by the products
formed in the reaction medium as a result of thermal de-
composition of urea according to the following reaction
(Eq. 1):

(NH,),CO + 3H,0 — CO, + 2NH,.H,0 o)

In most of the cases, irregular shaped particles were
obtained. Uniformity in particles shapes and size was
achieved under a narrow set of the applied experimental
conditions. SEM image shown in Figure 1A is of the zirco-
nia particles obtained under controlled experimental con-
ditions.

The sample shown in Figure 1A was heated at 700°C
for 1 h at the heating rate of 5°C/min. The heat-treated
solid was examined with SEM and the obtained image is
given in Figure 1B. As can be seen, that the sample lost
thermally decomposable material and the residue main-
tained their original morphology to the obvious extent.

3.2 FT-IR

FTIR analysis of the given sample of zirconia particles
(Figure 2) shows bands at 3369 and 3393 for OH stretching
vibration of adsorbed and structural water molecules re-
spectively. The bands at 1628 & 1642 regions are attributed
to OH bending vibration of free water molecules, while the
broad band at 900-1250 cm™" was attributed to different
vibration modes of carbonate. The spectra also shows
band in the region of 600-425 cm™ due to vibration of
Zr-O group, and these bands became more intense with
increasing calcinations temperature.

3.3 X-ray diffraction study

The particles shown in Figure 1A & B were analyzed by
XRD (Figure 3A & B). The XRD spectra shows weak crystal-
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Fig. 1: Scanning electron micrographs (SEM) of zirconia particles obtained by aging at 50°C temperature for 90 min, aqueous solutions
containing 0.006 mol/L zirconium chloride, 0.006 mol/L potassium sulphate, 0.15 mol/L hydrochloric acid and 0.2 mol/L urea (A), and
remains of the particles shown in A after their calcination at 700°C for 1 h at the rate of 5°C/min (B).
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Fig. 2: Fourier Transform Infrared (FTIR) spectra of the particles
shown in Fig. 1A (A), and after calcinations at 550°C (B), 700°C (C)
and 800°C (D).

line nature of the as prepared sample (Figure 3A) and
crystalline tetragonal phase start to transform into mono-
clinic phase (Fig. 3B) with increase in calcination tem-
perature (700°C). In addition, the reflections observed for
the as prepared and calcined particles (Figure 1A & 1B) at
the 28 20 value were employed for the estimation of crys-
tallite sizes, using the under mentioned Scherrer equation
[19, 20]:

D, =(0.941)/(B,, cos 6) )

where D,= crystallite size, A =154°A, 0=Bragg angle,
B, =the line broadening at half the maximum intensity
(FWHM) in radians.

The crystallite sizes came out to be 9.8 nm and 45 nm
for the as prepared and calcined particles respectively.
This clearly indicated that calcinations temperature af-
fected the crystallite size [21] of the precipitated crystal-
line solid, obtained in this study.
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Fig. 3: X-ray diffraction (XRD) patterns of the particles shown in Fig.
1A (A) and Fig. 1B (B).

3.4 Thermal analysis

In order to observe the thermal changes in the properties
of precursor particles; sample was analyzed by TG/DTA as
shown in Figure 4. Two weight loss regions (22.6% and
16.3%) are prominent in TGA curve in the temperature
range of 50-310°C and 656-720°C. The observed steps of
weight losses in both cases agreed well with theoretical
weight losses, showed by following reactions:
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Fig. 4: Thermograms obtained with the particles shown in Fig. 1A.

Zr(OH),C0,2H,0 —229C 5 7;0,3H,0+CO,  (3)

Zr0,3H,0 —22C 5 7r0,.3-n)H,0+nH,0  (4)

Moreover, activation energies were estimated for the
thermally activated reactions of the as prepared zirconia
particles, which led to the temperature dependent weight
losses, by using the following Coats—Redfern equation
[22-25].

In[-In(1 - &)/T? =—E/RT +In[(AR/BE)(1 - (2RT/E))] (5)

where B represents the heating rate, i.e. dT/dt, the term
In[(AR/BE)(1 - (2RT/E))] is considered a constant quantity,
and o is the mass fraction of the decomposed material
which was estimated from the experimental determined
weight losses according to the following equation:

a=(W,-W)/(W,- W)

Using Equation 5, the experimental data was plotted in
the form of In[-In(1 - )/T?] vs 1/T and the estimated acti-
vation energies are 19.61 and 179.3 KJ/mol for the above
reactions 2 and 3.

Conclusions

Monodispersed micron size spherical particles of Zirconia
are synthesized by homgeneous precipitation method.

On heat treatment at 700°C, dry powder of the hy-
drated zirconia particles converts into ZrO, with a
change in the surface morphology of the particles due
to thermally initiated loss of material but the particles
maintained their original morphology to the obvious
extent.
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