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 The purpose of this work was to study the influence of phase composition, particle 

morphology, and other properties of initial powders of aluminum hydroxide and 

zirconia on the structure, phase composition and crystal structure parameters of ZrO₂ - 

Al₂O₃ sintered composites. Properties of porous ceramics obtained from powder 

mixtures of zirconia - aluminum hydroxide - have been studies in the range of sintering 
temperature between 1,400 and 1,650 °C. The paper presents data about structure, 

phase composition and other properties of initial ZrO₂ (Y₂O₃) and aluminum hydroxide 
powders used for preparation of porous composites. Using the method of X-ray 

diffraction, phase composition and crystal structure parameters of obtained ZrO₂ - 

Al₂O₃ ceramics have been studied. It has been shown that increasing concentration of 
hydroxide in the aluminum hydroxide and zirconia powder mixture results in increasing 

porosity of sintered ZrO₂-Al₂O₃ composites. It was found that the size of crystallites in 
tetragonal modification of zirconia at the content below 40% is determined by 
tetragonal-monoclinal transformation, when discharges of the monoclinal tetragonal 

modification in the grain of tetragonal modification crush its crystallites, and when 

the content of tetragonal modification of zirconia is over 80%, the size of the 
crystallites is determined by recrystallization. It was found that the content of tetragonal 

modification of zirconia in porous composites ZrO₂ - Al₂O₃ is influenced 

simultaneously by two factors: the presence of aluminum oxide restraining ZrO₂ grain 

growth and the porosity reducing critical grain size of tetragonal ZrO₂ modification due 

to reduction of the number of intercrystalline contacts. 
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INTRODUCTION 

 

 Currently, promising ceramic materials that meet requirements of high strength, corrosion resistance, and 

high fracture toughness are materials made of zirconium oxide, aluminum oxide, and their composition. 

Composites of ZrO₂ - Al₂O₃ system attract attention as a material for filters, catalyst carriers, and ostein 

prostheses [7,13,16,14,2]. Performance properties of these products are determined by porosity [18,15,5]. The 

use of hydroxides as porofor, as an alternative to using organic additives, in preparation of porous ceramic 

materials makes it possible to avoid presence of carbon and its compounds in the material, which is 

unacceptable for the above items [6]. Therefore, decomposition of hydroxide to oxide during sintering of the 

material can be used as a technological method for obtaining the required porosity in the material. This leaves 

unanswered the question about influence of initial aluminum hydroxide and zirconia powders properties on 

phase composition and crystalline structure parameters of sintered ZrO₂ - Al₂O₃ composites. The purpose of 

this work was to study the influence of phase composition, particle morphology, and other properties of initial 

powders of aluminum hydroxide and zirconia on the structure, phase composition and crystal structure 

parameters of ZrO₂ - Al₂O₃ sintered composites. 

 

Materials and experimental methods: 

 For obtaining porous ZrO₂ - Al₂O₃ composites, the mixture of zirconia powder partially stabilized with 

yttrium oxide (ZrO₂ (Y₂O₃)) and aluminum hydroxide was used. ZrO₂ (Y₂O₃) powder was a solid solution of 

97% ZrO₂ - 3% Y₂O₃ composition and was obtained by plasma-chemical method. Aluminum hydroxide powder 

was obtained by hydrolysis of ultra-fine aluminum powder. Samples of ZrO₂ - Al₂O₃ ceramic were obtained by 
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pressing powder mixtures followed by the sintering of the obtained briquettes in air at 1,400, 1,500, 1,550, 

1,600, 1,650 °C. The volume fraction of aluminum hydroxide in the mixture with ZrO₂ (Y₂O₃) was 1, 5, 10, 25, 

50%. The structure of ceramics and the structure of powders were studied using a Philips SEM 515 scanning 

electron microscope, and a NEOPHOT 21 optical microscope. The average size of pores, grains in ceramics, 

and powder particles were measured using the random linear intercept method. Phase composition and 

parameters of ceramic crystalline structure and powder were studied by X-ray diffraction methods using a 

diffractometer with filtered CuKα radiation. Phases were identified by comparing peaks of X-ray photographs 

with ASTM (American Society for Testing and Materials) card file. 

 

Results:  

 According to electron microscopy, ZrO₂ (Y₂O₃) powder consisted of isolated spherical particles and 

numerous aggregates composed of particles without regular shape, Figure 1a. The average particle size was 1.5 

µm. According to X-ray analysis, the powder contained tetragonal and monoclinic phases of zirconia, Figure 1b. 

Tetragonal phase of zirconia prevailed, its share in the powder being 90%. The size of coherent scattering region 

(CSR) of X-rays in tetragonal and monoclinic phases was 20 nm. The crystalline grid micro-distortion value was 

2.426*10-3; and the grid parameters were: c = 5.1749 A, a = 5.1028 A. The comparison of ZrO₂ tetragonal 

phase grid parameters with the values given in work (Ingel R. P., 1986) showed that the values of grid 

parameters for zirconia powder obtained by plasma-chemical synthesis correspond to the values reported for 

tetragonal phase in the powders composed of ZrO₂ + 3 mol. % Y₂O₃ 
 

 
 

Fig. 1:  SEM image of zirconia powder (a) and its X-ray photograph (b). 

 

 Aluminum hydroxide powder consisted of spherical aggregates formed by individual particles, Figure 2a. 

The average size of the aggregates was 15 µm, and size of individual particles was 2.6 µm. Powder 

diffractogram contained only reflections corresponding to Al(OH)₃, Figure 2b. According to the X-ray crystal 

analysis, the average CSR size of this powder was 30 nm.  

 

 
 

Fig. 2:  SEM image of aluminum hydroxide (a) and its X-ray photograph (b). 

 

 Increasing volume ratio of aluminum hydroxide in the initial powder mixture resulted in increasing porosity 

in sintered ceramics. Also, increasing sintering temperature resulted in increasing of relative density of ZrO₂ - 

Al₂O₃ composite material, Figure 3. The lowest density in all temperature ranges had those composites in which 

volume fraction of aluminum hydroxide powder in the initial powders mixture was 50%; an example of such a 

ceramic structure is shown in Figure 3b.  

 According to the results of X-ray studies, the phase composition of ZrO₂-Al₂O₃ composites is presented by 

tetragonal and monoclinic modifications of ZrO₂ and [alpha] -Al₂O₃. With that, a difference was observed in 

relative shares of tetragonal and monoclinic modifications of zirconia, depending on the zirconia-to-aluminum 

hydroxide ratio in the powder mixture, and sintering temperature of the composites being studied. In ceramics 

containing 1%, 5% and 10% of aluminum hydroxide in initial powder, the amount of tetragonal ZrO₂ phase 

remained at 90 %, while sintering temperature increased to 1,600 °C. For ZrO₂ - Al₂O₃ composites, where 

volume ratio of Al(OH)₃ in the initial powder mixture was 25 and 50%, the content of ZrO₂ tetragonal phase 
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decreased to 50% at sintering temperatures of 1,500 °C and above. When the sintering temperature was 1,400 

°C, the content of tetragonal phase of zirconia in ZrO₂ - Al₂O₃ composites was 100%, Figure 5c. 

 

 
 

Fig. 3: dependence of relative density (a), content of ZrO₂ tetragonal phase (b) on ceramics sintering 

temperature; SEM image of polished surface of composites (c) and dependence of CSR size of ZrO₂ 

tetragonal phase on its composition in studied ceramics (d). 

 

Discussion: 

 One of the factors that influenced the ratio of tetragonal and monoclinic modifications of zirconia in ZrO₂ - 

Al₂O₃ composites was the fact that separate grains of tetragonal phase of zirconia reached "critical" size 

[11,1,8]. It is known that for tetragonal ZrO₂ phase, there is the concept of the "critical" grain size that causes 

spontaneous tetragonal-monoclinic transformation when it is reached. "Critical" grain size, according to data 

[17,12,9] depends on the chemical composition of the solid solution, and for the ZrO₂ - Y₂O₃ system it is 1.2 

µm. However, in work [3] it was shown that the "critical" grain size of tetragonal modification in ceramics 

decreases with increasing porosity, and is about 0.2 µm. This is due to decreasing the level of elastic stresses 

that are generated by neighboring grains and constrain tetragonal-monoclinic transformation that occurs with an 

increase of the elementary cell volume. For grains with a limited number of neighbors with high porosity, 

probability of zirconia transition from tetragonal to monoclinic modification during the cooling period from the 

sintering temperature is high. Increase in the sintering temperature of the obtained ZrO₂ - Al₂O₃ composites was 

accompanied by grain growth and by individual grains of tetragonal ZrO₂ phase reaching "critical" size.  

 Figure 3d shows that the average reduction of ZrO₂ tetragonal phase content in composites from 100% 

down to 85% reduced size of its crystallites from 80 down to 30 nm, and this size remained at 30 nm with 

further reduction of ZrO₂ tetragonal phase content down to 40%. Further reduction of the tetragonal phase of 

zirconia content in porous ZrO₂ - Al₂O₃ composites was accompanied by an increase in the size of its 

crystallites. Such a change in the size of crystallites of zirconia tetragonal phase can be related to two factors: 

diffusion growth of crystallites [4] that occurs with increasing the composites sintering temperature and 

extraction of the monoclinic phase of zirconia in grains of ZrO₂ tetragonal phase, which leads to "crushing" of 

the crystallites of tetragonal zirconia phase in sintered ZrO₂ - Al₂O₃ ceramics. 

 

Conclusion: 

 It has been shown that the increasing of the concentration of hydroxide in the aluminum hydroxide and 

zirconia powders mixture results in the increasing of porosity of sintered ZrO₂ - Al₂O₃ composites. It was found 

that the size of crystallites in tetragonal modification of zirconia at the content below 40% is determined by 

tetragonal-monoclinal transformation, when discharges of the monoclinal tetragonal modification in the grain of 

tetragonal modification crush its crystallites, and with content of tetragonal modification of zirconia of over 

80%, the size of the crystallites is determined by recrystallization.  
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 It was found that the content of tetragonal modification of zirconia in ZrO₂ - Al₂O₃ porous composites is 

influenced simultaneously by two factors: presence of aluminum oxide that restrains ZrO₂ grain growth and 

porosity, and reduction of critical grain size of the tetragonal ZrO₂ modification due to reduction of the number 

of intercrystalline contacts. 

 The results obtained may be widely applied for developing a technology for obtaining porous ceramic 

materials intended for use in prosthetics, catalysis and filtration systems. However, the question remains open 

about mechanical properties and their dependence on the structure and phase composition of the ZrO₂ - Al₂O₃ 

porous composites obtained in this work. The authors of this article will continue studying such ceramics in 

order to comprehensively study their properties (including mechanical ones). Besides, it seems promising to use 

initial zirconia and aluminum hydroxide powders that are obtained using various methods and have various 

grain sizes for obtaining and further study of porous ceramics with a wide range of properties. 
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