
 

 

 

 
 Synthesis and microstructure of zirconia nanopowders by 

glycothermal processing 
 

Jun-Seop KIM1, Dong-Hae LEE1, Sung KANG1, Dong-Sik BAE1, Hoy-Yul PARK2, Moon-Kyeung NA2 

 
1. School of Nano & Advanced Material Engineering, College of Engineering, Changwon National University, 

Gyeongnam 641-773, Korea; 
2. Advanced Materials and Application Research Laboratory, Korea Electro Technology Research Institute, 

Changwon 641-600, Korea 
 

Received 2 March 2009; accepted 30 May 2009 
                                                                                                  

 
Abstract: ZrO2 nanoparticles were prepared under high temperature and high pressure conditions by precipitation from metal nitrates 
with aqueous potassium hydroxide. The effects of synthesis parameters, such as the concentration of starting solution, pH of starting 
solution, reaction temperature and time, were discussed. The results show that the ZrO2 nanoparticles are obtained at 230−270 ℃. 
The average size and size distribution of the synthesized particles are below 10 nm and narrow, respectively. The XRD pattern shows 
that the synthesized particles are composed of crystalline. The synthesis of ZrO2 nanosized crystalline particles is possible under 
glycothermal conditions in ethylene glycol solution. 
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1 Introduction 
 

Today, one of the most rapidly developing fields of 
knowledge is nanotechnology. One of the parts of this 
broad field is nanomaterials, i.e. materials with one or 
more dimensions in the range of 1−100 nm (powders, 
layers or bulk materials). Properties of such materials can 
be significantly different from the behaviour of the 
ordinary ones[1]. Inorganic nanopowders are among the 
most important factors in many fields of materials such 
as ceramics, catalysts, medicines and food[2]. 

Zirconia is an important material because of its use 
in different fields of chemistry such as ceramics and 
catalysis[3]. Nano-zirconia ceramics are of great interest 
for their obvious improvement in strength and 
toughness[4], which change mechanical property, 
electrical performance, thermal performance, magnetic 
performance and optical performance of ceramic 
components[5]. Furthermore, nano-zirconia has 
interesting catalytic actions for isomerization of olefins 
[6] and epoxides[7], dehydration of alcohols[8−9], and 
so on[10−11]. Practical synthesis methods are still under 
development in order to obtain zirconia with controlled 
particle size and general properties. A common synthesis 

route consists of the calcinations of the hydrous zirconia 
obtained from hydrolysis of zirconium salts in various 
media. It was found that the properties of zirconia 
obtained by hydrolysis depend on several chemical 
parameters[3]. CHUAH et al[12−14] reported that the 
reaction time and temperature and the pH of reaction 
medium are important factors that determine the surface 
area of zirconia. The influence of reaction is explained in 
terms of the enhanced agglomeration of primary particles 
during reaction and the strengthening of the network 
structure. This led to higher thermal stabilities[3]. 

Many different methods of producing nanosize 
powders were described in the literature, such as sol-gel 
processing, hydrothermal processing, and ion exchange 
resin manufacture methods[15]. 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[16]. 
Furthermore, if the process conditions such as solution 
pH, solute concentration, reaction temperature, reaction 
time, seed materials, and the type of solvent are carefully 
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controlled, the ceramic particles with desired shape and 
size can be produced[17]. 

The objective of this study is to prepare the 
nanosized zirconia powders by a glycothermal process, 
and to investigate the effects of the processing conditions 
on the formation, morphology, and phase of the powders. 
 
2 Experimental 
 

The preparation flow of zirconia powder is 
schematically illustrated in Fig.1. Zirconia precursors 
were precipitated from 0.1 mol/L ZrCl2O·8H2O solution 
by slowly adding NH4OH water with rapid stirring, in 
which the pH of starting solutions varied between 7 and 
11. The precipitated zirconia precursors were washed by 
respected cycles of centrifugation and re-dispersion in 
water. Washing was performed for a minimum of five 
times in ethanol. Excess solution was decanted after the 
final washing and the wet precursor was re-dispersed in 
200 mL ethylene glycol under vigorous stirring. The 
resulting suspension was placed in a 1 L stainless steel 
pressure vessel. The vessel was then heated to 270  at ℃

a rate of 10 /min for 6℃  h. The characterization of the 
synthesized particles was observed using transmission 
electron microscope (TEM, JEM 2100F), X-ray 
diffractometer (XRD, X’pert MPD 3040), and thermal 
analyzer system(TA 5000/SDT 2960). 
 

 
Fig.1 Experimental flow chart of synthesized zirconia powders 
by glycothermal processing 
 
3 Results and discussion 
 

Glycothermal processing conditions such as pH, 
reaction temperature and time, have significant effects on 
the formation, phase component, morphology and 
particle size of zirconia powders. Fig.2 shows the TEM 
images of the synthesized particles at different pH values. 
The average size of the synthesized particles increases 

with increasing pH value. But it is difficult to distinguish 
the average size of the synthesized particles at different 
pH values. It can be seen from Fig.2 that the average size 
of the synthesized zirconia powders is in the range of 
5−10 nm. And with increasing pH, the synthesized 
particles are aggregated. 
 

 
Fig.2 TEM images of synthesized zirconia powders at different 
pH values: (a) pH=7; (b) pH=9; (c) pH=11 
 

Fig.3 and Fig.4 show the XRD patterns of the 
synthesized particles by glycothermal processing. Fig.3 
shows the XRD patterns of the synthesized powders 
reacted at 230  ℃ for 6 h with different pH values. The 
crystalline phase of the synthesized powders is 
amorphous. As shown in Fig.4, when the reaction 
temperature increases from 230  to 270℃  , the ℃ XRD 
patterns show that the synthesized particles have a 
crystalline phase. Fig.5 shows the TG-DTA curves of the  
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Fig.3 XRD patterns of synthesized zirconia powders reacted at 
230  ℃ with different pH values: (a) pH=7; (b) pH=9;       
(c) pH=11 
 

 
Fig.4 XRD patterns of synthesized zirconia powders reacted at 
270  ℃ with different pH values: (a) pH=7; (b) pH=9;       
(c) pH=11 
 

 
Fig.5 TG-DTA curves of synthesized zirconia powders reacted 
at 270  for 6℃  h(pH=9) 
 
synthesized particles with pH 9. Except for a water/ 
solvent vaporization peak(endothermic) between room 
temperature and 140 , th℃ e synthesized particles result 

in a sharp exothermic peak at 300 , which corresponds ℃

to the crystallization of zirconia[18−20]. 
 
4 Conclusions 
 

1) Zirconia nanoparticles were obtained in ethylene 
glycol solution reacted (glycothermal processing) at  
270 ℃ for 6 h. 

2) The average particle size and distribution of the 
synthesized zirconia powders are in the range of 5−10 
nm and narrow, respectively. 

3) With increasing pH, all samples are aggregated. 
4) The crystalline phase of the synthesized powders 

is zirconia. 
5) Crystallization and thermal behavior of 

synthesized powders were investigated by XRD/TG- 
DTA methods. 
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