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Abstract 
 Over the past years, there has been an increasing interest in nanostructured ZrO2 because of its engineering 
and technological applications. Properties of ZrO2 nanoparticles found to highly depend on factors such as size, 
shape and crystalline phase. These factors are reported to be, further, strongly influenced by the inherent nature of 
the synthesis techniques. To investigate this, nano-size zirconia synthesized by sonochemical method, hydrothermal 
method and combustion aerosol method are characterized for crystalline phase and morphology. It is found that the 
crystalline phase, size and shape varies with synthesis technique and are strongly influenced by processing 
conditions.  
Keywords: ZrO2 nanoparticles, sonochemical method, hydrothermal method, combustion aerosol method 
 
Introduction 
 Nano-size zirconia has received much attention due to its specific optical, electrical 
properties and other potential applications in transparent optical devices, electronic 
components, electrochemical capacitor electrodes, oxygen sensors, fuel cells, catalyst and 
advanced ceramics [1–9]. ZrO2 has three crystallographic polymorphs: the monoclinic phase 
stable below 1000°C, the intermediate tetragonal phase is stable at 1200°C and converts to a 
cubic phase above 2285°C [10]. The properties of ZrO2 nanoparticles highly depend on factors 
such as size, shape and crystalline phase. These factors are, further, strongly influenced by the 
inherent nature of the synthesis techniques [11]. Hence identifying an appropriate synthesis 
technique to control these factors and tune the physical, chemical, optical, electronic and 
mechanical properties of the material has been an area of active research in Materials Science 
and Technology. Apart from conventional synthesis methods lots of modified methods have 
been used to synthesis ZrO2 nanoparticles. The present article reviews such modified synthesis 
techniques for ZrO2 nanoparticles and its effect on size, shape and crystallinity. 
 
Synthesis methods for ZrO2 nanoparticles  
Sonochemical Method 
 The sonochemical method uses the energetic effects of acoustic cavitations. When solutions 
are exposed to strong ultrasound, acoustic fields implosively collapse bubbles in the solution 
and high temperature and high pressure fields are produced at the centre of the bubbles.  
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The temperature of the hot spots, nanoseconds life time has been calculated to be over 5000K, 
which is high adequate to decompose molecules in bubbles.  Synthesis of nano scale tetragonal 
zirconium oxide by sonochemical method has been reported by J.Liang et.al [12].The 
Transmission electron microscopic (TEM) image of the synthesized ZrO2 nano particles is 
shown in the figure 1. The synthesized ZrO2 nano particles found to be spherical and its size 
varied from 30 to 40 nm.  Here, the use of ultra sound had dramatically reduced the 
temperature and made the reaction conditions very easy to synthesize nano sized spherical 
tetragonal ZrO2 particles. 
 

 
 

Figure 1 TEM image of tetragonal ZrO2 nano particles 
 
Hydrothermal Method 
 Hydrothermal synthesis uses the exploitation of the properties of water under high 
pressure and temperature for the preparation of fine powders of advanced ceramic oxides [13]. 
The typical values of the reaction temperatures are between the boiling point of water and the 
critical temperature of 374 °C and pressures up to 15 MPa. Nevertheless, continuous revision of 
the process has led to high temperature hydrothermal processes at higher pressures [14].  
The benefit of the hydrothermal method over other solution routes is that the final product 
readily forms at a low temperature without 35alcinations. Fine crystallites of the desired phase 
with excellent composition, morphology control, powder reactivity, and purity can be obtained 
using the hydrothermal method [14]. Nano-size ZrO2 via single alkali treatment by 
hydrothermal method was reported by K.G. Kanade et.al [15]. XRD study showed that the 
nanosize zirconia had an appreciable amount of monoclinic phase minimum amount of cubic 
phase. The nano-size zirconia obtained had average particle size in the range of 24–36 nm.  
The TEM image showed well-dispersed monoclinic ZrO2 nanoparticles with spherical 
morphology.  
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Combustion Aerosol Method 
 Zirconium oxide nanoparticles are synthesized commercially on a large scale in a flame 
reactor [16, 17]. The precursor in vapor phase is fed into a reactor in the existence of oxygen 
and ignited. The burning step might also take place in other gaseous atmospheres such as inert 
gas, hydrogen, or methane. In the flame synthesis technique formation of nanoparticles  occurs 
through collision, coalescence, and agglomeration in an aerosol reactor. Temperatures as high 
as 1200–2500 K can be achieved in a typical flame reactor. Even though very small particles  
(5–10 nm) can be produced by these methods, hard agglomerates are generally created, 
resulting in “fractallike” branched structures that are undesirable for many applications. 
Attempts have been made to control agglomeration using electric fields, but only moderate 
success has been achieved, with partial agglomeration always present. Further, special burner 
and gas-flow configurations are often required in these processes, because fuel– oxidizer 
mixing and flame structure affect the final particle morphology and size [18]. 
 In high-temperature synthesis methods, such as flame-based methods, the type of 
precursor also is important in determining the resultant particle characteristics. The use of 
solid, liquid or gaseous precursors for metal oxide particle synthesis using flames or  
high-temperature furnaces has been reported [19]. Even though the chlorides of silicon and 
titanium are relatively volatile and have been used as gaseous precursors for oxide particle 
formation, the low vapor pressure of zirconium chloride limits its use as a precursor.  
 As a result, liquid precursors, such as aqueous solutions or organometallic compounds of 
zirconium, have been used in flame and spray-drying systems for zirconia nanoparticle 
production. Unagglomerated particles can be formed using liquid precursors with the final 
particle size governed by the precursor droplet size when a spray-drying furnace is used for 
processing. Experimental trends observed in spray pyrolysis systems have been explained 
convincingly well by a model reported in the literature [20]. The model compares the rates of 
solute distribution within the droplet and solvent vaporization from the droplet surface and 
explains their effect on the particle morphology. Huge particles (micrometer scale) are formed, 
however, if dilute precursor concentrations are not used in these systems. Although typical 
flame-based processes make agglomerated particles, unagglomerated particles also can be 
formed in a flame-based system using liquid precursors.  
 The final particle sizes, however, are not straightforwardly dependent on the droplet sizes 
in these systems, unlike in spray pyrolysis. The mechanism of particle formation when liquid 
precursors are used in flame-based systems is not yet fully understood. In processes using fine 
particles of metals as the precursor, it is recommended that the oxide particle growth occurs 
predominantly by vapor condensation, whereas particle growth occurs by collision and 
coalescence when gaseous precursors are used [20]. 
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Figure 2 TEM micrograph of tetragonal ZrO2 nano particles 
 
 A novel droplet combustion procedure for the synthesis of nanoparticles with controllable 
morphology and particle size has been reported [21]. Using liquid precursors sprayed into a 
premixed methane–oxygen flame, the dependence of particle size on fuel– oxidizer mixing and 
flame structure could be eliminated. A micrograph of particles collected is shown in Fig. 2. 
Isolated spherical particles with no agglomeration were observed. Selected area electron 
diffraction (SAD) study of these particles revealed they had the tetragonal crystal structure. The 
particle sizes were not uniform and varied from 30 nm to 230 nm.  
 
Conclusion 

ZrO2 nano particles synthesized by sonochemical method, hydrothermal method and 
combustion aerosol method are reported. The crystalline phase, particle size and shape are 
found to vary with synthesis methods and processing conditions. The sonochemical method 
favours the formation of spherical tetragonal ZrO2 nano particles with size range 30 – 40 nm. 
The hydrothermal method resulted the formation of well-dispersed monoclinic ZrO2 
nanoparticles with spherical morphology in the size range 24 – 36 nm, which is attributed to the 
processing conditions of the method. The combustion aerosol method favoured the isolated 
spherical ZrO2 particles in the size range 30 to 230 nm. The tetragonal phase is found to be 
inherent nature of this method. 
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