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Abstract: 

Partially stabilised zirconia (PSZ) ceramics have attracted much interest because of their 

outstanding properties. In this study, fused ZrO2 was treated as a raw resource for the 

synthesis of CaO-PSZ ceramic materials through a facile sintering process. The crystal 

structure and thermomechanical properties of the synthesised CaO-PSZ ceramic samples were 

determined using XRD and SEM. The results revealed that various process parameters had 

different effects on the zirconia stability rate, including the temperature changing rate during 

the heating and cooling stages and the temperature and isothermal time during the quenching 

treatment; this was primarily a result of the thermodynamic characteristics of the martensitic 

conversion of ZrO2 ceramics. Secondly, the martensitic conversion process was revealed by 

XRD patterns, expressed as the partial conversion of c-ZrO2 to m-ZrO2. Meanwhile, 

SEM-EDAX analysis highlighted the precipitation behaviour of the CaO stabiliser and the 

successful preparation of CaO-PSZ ceramics by sintering, represented by the gathering 

phenomenon of the acicular grains and particles, as the findings matched the stability rate 

analysis. This study can supply a sound reference for the synthesis of CaO-PSZ ceramics 

from fused ZrO2. 
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1 Introduction 

Zirconia (ZrO2) materials have attracted increasing interest in the field of advanced 

ceramic materials because of their outstanding physical characteristics [1-4], such as high 

refractive index, high-temperature resistance, and low thermal conductivity [5-7]. However, a 



large volume effect occurs during the heating and cooling processes for zirconia products, 

causing the accumulation of internal stress and the formation of defects, which can have a 

detrimental impact on the mechanical properties, seriously restricting the further applications 

of zirconia materials in many fields [8, 9]. 

Partially stabilised zirconia (PSZ) ceramic materials exhibit unparalleled physical 

performance, attributed to their unique martensitic transformation characteristics [10, 11]. 

Pure ZrO2 materials maintain their form of m-ZrO2 at room temperature, and two other phases 

exist in the high-temperature zone, called t-ZrO2 and c-ZrO2; furthermore, the three crystal 

phases can be converted among each other with changing temperature. Therefore, a reversible 

martensitic transformation occurs as the temperature increases or decreases. Specifically, as 

the temperature changes, the t-ZrO2 phase will convert to the m-ZrO2 phase at 1000 °C, and 

the transposed conversion for the m-ZrO2 phase to the t-ZrO2 phase arises at 1173 °C; the 

t-ZrO2 phase will convert to the c-ZrO2 phase with a transition temperature of 2370 °C [12, 

13]. Garvie et al. showed that the acicular precipitation of the m-ZrO2 phase in the cubic 

matrix had a significant strengthening effect on ceramic materials [14]. Thus, based on this 

finding, systematically applying the martensitic transformation characteristics of ZrO2 

materials to prepare PSZ ceramic materials can achieve a toughening effect for ZrO2-based 

ceramic materials. 

At present, PSZ ceramics are usually prepared by stabiliser doping. The stabilisers 

adopted include metal oxides whose cationic radius is close to that of the Zr4+ ion [15, 16], 

such as CaO [17, 18], MgO [19], CeO2 [20], and Y2O3 [21]. Meanwhile, there are no 

significant differences between the crystal structures of those cations and that of the Zr4+ ion; 



hence, those oxide cations can be used to replace the Zr4+ ion [22]. The essence of the 

toughening effect is the use of doping with oxides to introduce these cations into zirconia 

material whose radius is larger than the radius of Zr4+ ion, and these cations can substitute for 

the Zr4+ ion, further forming a stable replacement solid solution [23, 24]. In conclusion, 

producing PSZ ceramic materials with stabilised zirconia as the raw material can prevent the 

reduction of mechanical properties caused by the strong volume effect of monoclinic phase 

zirconia and retain the partial toughening effect of the martensitic transformation; therefore, it 

is the most suitable method for preparing structural materials and functional materials with 

zirconia as the matrix. Moreover, the introduction of microwave technology into the synthesis 

of PSZ ceramic materials leads to the increased performance of the ceramic products [25-30]. 

In the present work, fused ZrO2 was utilised as a raw resource to manufacture CaO-PSZ 

ceramic materials through a facile sintering process; then, the crystal structure and 

thermomechanical properties of the synthesised CaO-PSZ ceramic samples and raw materials 

were determined by XRD and SEM-EDAX. Additionally, according to the obtained XRD 

patterns, the relationship between the process parameters and the stability rate of the 

CaO-PSZ ceramic samples was synthetically explored, including the temperature changing 

rate during the heating and cooling stages and the temperature and isothermal time during the 

quenching treatment. 

 

2 Experimental 

2.1 Materials 

Fused ZrO2 as a raw resource to manufacture CaO-PSZ ceramics was provided by an 



industry in Yingkou City (Liaoning Province, P.R. China). The chemical analytical data for 

the fused ZrO2 was provided by the manufacturer, detailed as follows: 95.1% ZrO2, 3.8% 

CaO, 0.4% SiO2, 0.3% Al2O3, 0.2% TiO2, and 0.1% Fe2O3. The results revealed that the fused 

ZrO2 sample was processed through stabiliser doping, using calcium oxide (CaO) as the 

stabiliser. Therefore, it could be speculated that the expected PSZ ceramic synthesised 

through the sintering process was also doped with CaO as the stabiliser, formally denoted 

CaO-PSZ ceramic. 

2.2 Experimental procedure 

A total of 50.0 g of fused zirconia raw material was sampled and then placed in a 

ceramic crucible with a diameter of 50 mm. Previous reports suggest that PSZ ceramics can 

be successfully synthesised at 1450 °C for 4 h utilising fused ZrO2 as a raw resource [31]. The 

preparation of CaO-PSZ ceramics material processes as follows: fused ZrO2 was first heated 

to a specific temperature and then held for a set duration time, followed by cooling the sample 

to another set temperature to be treated with a quenching process and isothermal treatment. 

Therefore, the sample inside of the ceramic crucible was heated to 1450 °C for 4 h in an 

electric resistance furnace (SGM3817B) with different heating rates, cooling rates, quenching 

temperatures, and isothermal treatment times. Wherein during the sintering preparation 

experiments of CaO-PSZ ceramic materials, the heating rate ranged from 1 °C/min, 4 °C/min, 

7 °C/min and 10 °C/min, the cooling rate ranged from 1 °C/min, 2 °C/min, 4 °C/min, 

6 °C/min, 8 °C/min, 10 °C/min, 20 °C/min, 40 °C/min and 400 °C/min, the quenching 

temperature ranged from 25 °C, 50 °C, 100 °C, 200 °C, 400 °C, 700 °C, 750 °C, 800 °C, 

850 °C, 900 °C, 950 °C, 1000 °C, 1050 °C, 1100 °C, 1150 °C, 1200 °C, 1250 °C, 1300 °C, 



1350 °C, 1400 °C and 1450 °C, the isothermal treatment time ranged from 0 h, 1 h, 2 h, 3 h, 4 

h, 5 h. Once attaining the expected process conditions, the samples were systematically 

characterised to explore the relationships among the influencing factors and the crystal 

structure and thermomechanical properties of zirconia samples. 

2.3 Characterisation 

X-ray diffraction (D/Max 2500, Rigaku, Japan) was utilised to analyse the changes in the 

phase compositions of the synthesised CaO-PSZ ceramic samples and raw materials. 

Additionally, scanning electron microscopy (XL30ESEM-TMP, Philips, Holland) was used to 

determine the changes in the microstructure appearance of the zirconia samples. In addition, 

the elemental composition of zirconia samples after sintering was determined by EDAX 

characterisation. 

 

3 Results and discussion 

The stability rate represents the stability properties of zirconia ceramic materials, and the 

specific values of the stability rate can be determined based on the corresponding XRD 

characterisation patterns [32, 33]. Moreover, the synthesis of PSZ ceramics involves the 

following stages: the heating stage, the heat maintenance stage, the cooling stage, and the 

quenching stage. The stability rates and crystal structures of PSZ ceramics are affected by 

these process parameters. Consequently, in this work, the effects of these process parameters 

on the crystal structure and thermomechanical properties of the synthesised PSZ ceramic 

samples were comprehensively explored, including the temperature changing rate during the 

heating and cooling stages and the temperature and isothermal time during the quenching 



treatment. 

3.1 Characterisation by XRD 

The influence of the process parameters during the sintering preparation experiments of 

CaO-PSZ ceramics materials on the phase structures of zirconia samples was comparatively 

explored with respect to the fused ZrO2 raw resource and the synthesised PSZ ceramic 

samples. Wherein the XRD pattern of the fused ZrO2 raw resource is depicted in Fig. 1, and 

the XRD patterns of the PSZ ceramics samples treated with different heating rates, cooling 

rates, quenching temperatures, and isothermal treatment times are depicted in Fig. 2 and Fig. 

3. 

As depicted in Fig. 1, only the c-ZrO2 phase (JCPDS: 49-1642) was detected in the fused 

ZrO2 raw resource; there is no m-ZrO2 phase (JCPDS: 37-1484) or t-ZrO2 phase (JCPDS: 

42-1164), implying that the fused ZrO2 raw resource can be classified as a PSZ ceramic 

material. Second, combining the analysis of the chemical composition and Fig. 1, the 

diffraction peak of the CaO component disappeared, indicating that the CaO stabiliser was 

perfectly dissolved in the raw resource, accompanied by the presence of the solid solution. 

The relationship between the temperature changing rate during the heating stage and the 

crystal structure of the PSZ ceramic samples is depicted in Fig. 2(a). The PSZ ceramics were 

synthesised by maintaining the temperature at a maximum value of 1450 °C, with heating 

rates varying from 1 °C/min to 10 °C/min, a cooling rate of 4 °C/min, and a temperature of 

950 °C and isothermal time of 4 h during the quenching treatment. As shown in Fig. 2(a), as 

the heating rate varied from 1 °C/min to 10 °C/min, there were no significant differences in 

the crystal compositions of the synthesised PSZ ceramic samples, reflecting the same phase 



compositions consisting of mixed m-ZrO2 phase and c-ZrO2 phase. Meanwhile, the heating 

rate had an insignificant effect on the intensities of the zirconia diffraction peak; the peak 

intensities of the c-ZrO2 phase at 29.92° and the m-ZrO2 phase at 28.06° and 31.24° were 

absent of sharp changes. In contrast with the fused ZrO2 raw resource, a new phase, the 

m-ZrO2 phase, was detected in the synthesised PSZ ceramic samples; this phase transition is 

assigned to the martensitic conversion of ZrO2 material. Specifically, with changing 

temperature, the t-ZrO2 phase will convert to the m-ZrO2 phase at 1000 °C, the transposed 

conversion for the m-ZrO2 phase to the t-ZrO2 phase arises at 1173 °C, and the t-ZrO2 phase 

will convert to the c-ZrO2 phase with a transition temperature of 2370 °C [32, 33]. The 

martensitic conversion of ZrO2 material is primarily influenced by the crystal transformation 

temperature, and there was no obvious relationship with the temperature changing rate. The 

treatment temperature was maintained in the range of 950 °C to 1450 °C; thereby, the 

respective conversion of the t-ZrO2 phase to the m-ZrO2 phase and the c-ZrO2 phase to the 

t-ZrO2 phase arises, causing the formation of a new crystal phase, the c-ZrO2 phase, generated 

through the martensitic conversion of ZrO2 material. 

The effects of the temperature changing rate during the cooling stage on the crystal 

structures of the synthesised ceramics samples are shown in Fig. 2(b). The PSZ ceramics were 

synthesised by maintaining the temperature at a maximum value of 1450 °C with a heating 

rate of 4 °C/min, a cooling rate varying from 1 °C/min to 400 °C/min, and a temperature of 

950 °C and isothermal time of 4 h during the quenching treatment. As shown in Fig. 2(b), as 

the cooling rate varied from 1 °C/min to 4 °C/min, the diffraction peak intensity of the c-ZrO2 

phase was greatly enhanced and the peak intensities of the m-ZrO2 phase also increased. 



Furthermore, as the cooling rate increased to 400 °C/min, the peak intensities of the c-ZrO2 

phase still presented a substantial enhancement; however, the peak intensities of the m-ZrO2 

phase decreased. The difference between the two crystals suggests that the cooling rate had a 

significant relationship with the crystal transition of the synthesised PSZ ceramic samples, 

and the optimal value of the cooling rate could be determined to be in the range of 4 °C/min 

to 400 °C/min. Moreover, during the cooling process, the respective conversion process of the 

t-ZrO2 phase to the m-ZrO2 phase and the c-ZrO2 phase to the t-ZrO2 phase arises, and the 

increase in the cooling rate contributed to the completion degree of those conversion 

processes. Moreover, as the temperature decreased from 1450 °C to 1173 °C, a higher cooling 

rate was naturally accompanied by greater internal motion, further promoting the partial 

conversion process between the m-ZrO2 phase and the t-ZrO2 phase. 

The influence of the temperature during the quenching treatment on the crystal structures 

of the synthesised PSZ ceramics samples is depicted in Fig. 2(c). The PSZ ceramics were 

synthesised by maintaining the temperature at a maximum value of 1450 °C with a heating 

rate of 4 °C/min, a cooling rate of 4 °C/min, and temperature varying from 1400 °C to 25 °C 

with an isothermal time of 4 h during the quenching treatment. As shown in Fig. 2(c), as the 

temperature during the quenching treatment decreased from 1450 °C to 950 °C, the diffraction 

peak intensity of c-ZrO2 phase showed a dramatic decrease, but the peak intensities of the 

m-ZrO2 phase gradually increased. In addition, with temperatures lower than 950 °C, there is 

no significant difference between the diffraction peak intensities of the two crystal phases in 

the synthesised PSZ ceramic samples, reflecting the same phase composition with mixed 

c-ZrO2 phase and m-ZrO2 phase. The change in the crystal structure with quenching 



temperature was attributed to the conversion between the m-ZrO2 phase and the t-ZrO2 phase, 

which occurred at 1173 °C [32, 33]. As the temperature during the quenching treatment 

decreased, the respective conversion process of the t-ZrO2 phase to the m-ZrO2 phase and the 

c-ZrO2 phase to the t-ZrO2 phase continually proceeded, causing a decrease in the c-ZrO2 

phase component and the appearance of the m-ZrO2 phase component in the synthesised PSZ 

ceramic samples, further demonstrating the phenomenon where the peak intensity of the 

m-ZrO2 crystal increased and the peak intensities of the c-ZrO2 crystal decreased. 

The influence of the isothermal time during the quenching treatment on the crystal 

structures of the synthesised PSZ ceramic samples is depicted in Fig. 3. The PSZ ceramics 

were synthesised by maintaining the temperature at a maximum value of 1450 °C with a 

heating rate of 4 °C/min, cooling rate of 4 °C/min, the expected temperatures (1300 °C, 

1100 °C, and 900 °C), and the isothermal time varying from 0 h to 5 h during the quenching 

treatment stage. As shown in Fig. 3(a), during the quenching treatment stage, at 1300 °C, 

there was no obvious relationship between the isothermal time and the crystal compositions of 

the synthesised PSZ ceramic samples, which is reflected in the fact that the diffraction peaks 

of the two crystals maintained their intensities. In addition, as concluded from Fig. 3(b)-(c), a 

similar phenomenon arose; in detail, when the temperature dropped to 1100 °C or 900 °C, 

there was no obvious relationship between the isothermal time and the crystal composition. 

Thus, the following conclusions can be obtained: during the quenching treatment stage, there 

was no obvious relationship between the isothermal time and the crystal structures of the 

synthesised PSZ ceramic samples. 



3.2 Analysis of stability properties 

The effects of the temperature changing rate during the heating and cooling stages and 

the temperature and isothermal time during the quenching treatment on the stability of the 

synthesised PSZ ceramic samples are plotted in Fig. 4; the results were calculated according 

to Eq. (1) and referring to the corresponding XRD patterns (depicted in Fig. 2 and Fig. 3). 

Stability	rate =
Intensity	of	29.92°

Intensity	of	28.06° + Intensity	of	31.24° + Intensity	of	29.92°
× 100% (1) 

Regarding the influence of the heating rate, as depicted in Fig. 4(a), the stability rate of 

the PSZ samples increased with increasing heating rate, with a slight increment, until it was 

basically in equilibrium. In detail, the stability rate was determined to be 74.3% at a heating 

rate of 1 °C/min, which slowly improved to 75.8% at 7 °C/min, and slightly decreased to 75.5% 

at 10 °C/min. Thus, the following conclusions can be obtained: during the heating stage, there 

was no obvious relationship between the heating rate and the stability properties of the 

synthesised PSZ ceramic samples. This finding can be attributed to the fact that the stability 

rate was determined using the XRD analysis patterns. Second, the martensitic conversion of 

ZrO2 material is primarily related to the crystal transformation temperature; hence, there is no 

noticeable association with the temperature changing rate.  

Regarding the influence of the temperature changing rate during the cooling process, as 

depicted in Fig. 4(b), the stability rate of the PSZ samples also increased with increasing 

cooling rate. In detail, the stability rate was determined to be 57.1% with a cooling rate of 

1 °C/min, followed by an increase to 93.1% at a cooling rate of 20 °C/min; furthermore, once 

the cooling rate exceeded 20 °C/min, the increase in the stability rate was slight, as it was 

basically in equilibrium; the value of 93.1% at 20 °C/min slowly increased to 95.8% at 



400 °C/min. This trend signified that the decrease in the cooling rate was favourable for the 

partial conversion of the t-ZrO2 phase to the m-ZrO2 phase. Thereby, to promote the synthesis 

of PSZ ceramics, the cooling rate should be maintained at a small value. As the cooling rate 

decreases, the stability rate of the PSZ ceramic samples will also decrease, indicating the 

more thorough formation of PSZ ceramic samples.  

Regarding the influence of quenching treatment temperature, as shown in Fig. 4(c), as 

the quenching treatment temperature decreased, during the initial phase, the value of the 

stability rate of the PSZ ceramics samples tended to decrease gradually; meanwhile, the 

reduction of the stability rate value was much larger at the high-temperature stage, reflected 

by a value of 96.5% at 1450 °C that decreased to 75.2% at 950 °C. Moreover, when the 

quenching treatment temperature was much less than 950 °C, the increase in the stability rate 

value was slight, as it was basically in equilibrium; the value of 75.2% at 950 °C changed to 

75.3% at 25 °C. This trend signified that the decrease in the quenching treatment temperature 

inhibited the partial conversion between the m-ZrO2 phase and the t-ZrO2 phase. Therefore, to 

promote the synthesis of PSZ ceramics, the quenching treatment temperature should be 

maintained at a high value during the cooling stage. 

Regarding the influence of isothermal treatment time, as depicted in Fig. 4(d), at 1300 °C, 

the stability rate of the PSZ ceramic samples decreased from 89.3% to 88.1% as the 

isothermal treatment time varied from 0 h to 5 h; similarly, the stability rate decreased from 

80.4% to 79.2% at 1100 °C, and it decreased from 74.9% to 73.5% at 900 °C. This trend with 

the isothermal treatment time was observed because in the cooling stage, once the quenching 

treatment temperature reached a certain low value, prolonging the isothermal treatment time 



could not provide sufficient motivation for the partial conversion between the m-ZrO2 phase 

and the t-ZrO2 phase, further causing a slight variation in the stability rate. 

3.3 SEM characterisation  

The phase microstructures of the synthesised PSZ ceramic samples and fused ZrO2 raw 

resource were determined by SEM characterisation; the corresponding images are shown in 

Fig. 5. 

For the fused ZrO2 raw resource, as displayed in Fig. 5(a)-(b), the sample consisted of 

overlapped scales, and there were no significant crystal defects, such as cracks or holes, 

indicating that the fused zirconia met the basic requirements for high-performance zirconia 

materials. As seen in Fig. 5(b), the crystal borders were distinct and regular. Moreover, in the 

magnified image shown in Fig. 5(c), the crystal border angles at the intersection points could 

be determined to be approximately 120°, signifying that the fused ZrO2 raw resource 

consisted of the fluorite-structured c-ZrO2 phase. This finding matched the XRD analysis 

results for the fused ZrO2 raw resource (Fig. 1). 

For the PSZ ceramic samples synthesised at 1450 °C for 4 h, as shown in Fig. 5(d)-(f), a 

more dense structure was observed to appear on the surface, without cracks, and 

agglomeration of the acicular grains and thin particles occurred (as depicted in Fig. 5(f)), 

indicating that the synthesised PSZ ceramic samples had a better structural performance than 

that of the fused ZrO2 raw material. The agglomeration of the acicular grains and thin 

particles was caused by the CaO stabiliser deposited at the crystal borders. In addition, by 

comparison between Fig. 5(c) and Fig. 5(f), it is clear that the complete cubic-phase zirconia 

disappeared and was substituted by an iconic mixed-phase composition of PSZ ceramics, 



revealing the successful synthesis of PSZ ceramic materials. 

3.4 Characterisation by EDAX 

The microscopic appearance and elemental semi-quantitative analysis of the PSZ 

ceramic sample synthesised at 1450 °C for 4 h are depicted in Fig. 6, wherein Fig. 6(a) shows 

the SEM image and Fig. 6(b), (c), and (d) shows the EDAX spectra of spot 1, spot 2, and spot 

3, respectively. 

As shown in Fig. 6(a), spot 1 is on the crystal boundary, whereas spot 2 and spot 3 are 

not. Thus, there existed a significant difference in the results of elemental semi-quantitative 

analysis at spot 1, spot 2, and spot 3. At spot 1, the elemental analysis revealed 15.37% CaO 

and 48.88% ZrO2; 1.79% CaO and 78.68% ZrO2 were determined at spot 2, and 4.66% CaO 

and 75.38% ZrO2% were found at spot 3. Clearly, the content of CaO at spot 1 was much 

higher than that at spot 2 and spot 3; conversely, the ZrO2 content at spot 1 was smaller. 

Second, the precipitation of the CaO stabiliser at the crystal border was verified by the 

differences in the elemental composition distribution at the selected spots. At spot 2 and spot 

3, whose locations were far away from the crystal border, the CaO content was much lower 

than that at spot 1. Additionally, the precipitation of the CaO stabiliser signified the successful 

synthesis of the CaO-PSZ ceramic materials. The findings summarised using the EDAX 

spectral analysis matched the SEM analysis results. 

 

4 Conclusions 

In this study, CaO-PSZ ceramic materials were efficiently synthesised using a facile 

sintering process, and the crystal structure and thermomechanical properties of the 



synthesised CaO-PSZ ceramic samples were comprehensively investigated. The main 

findings can be summarised as follows: 

(1) XRD patterns revealed that after sintering, the diffraction peak intensities of the 

c-ZrO2 phase decreased and the diffraction peak intensities of the m-ZrO2 phase increased, 

denoting the mixed phase structure of CaO-PSZ ceramics. 

(2) The unique martensitic transformation of zirconia had a different influence on the 

stability rate of the synthesised CaO-PSZ ceramics among various process factors, as the 

stability rate increased with increasing temperature changing rate during the heating and 

cooling stages and the quenching treatment temperature, while there was no significant 

relationship with the isothermal time during the quenching treatment. 

(3) SEM-EDAX analysis highlighted the precipitation behaviour of the CaO stabiliser 

and the successful sintering preparation of CaO-PSZ ceramics, represented by the 

agglomeration of the acicular grains and particles; these findings matched the stability rate 

analysis. 

This work highlights the effective preparation of CaO-PSZ ceramic materials through 

conventional sintering of fused ZrO2. 
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Figure captions 

Fig. 1 XRD pattern of fused zirconia raw material. 

Fig. 2 XRD patterns of zirconia material treated with (a) different heating rates; (b) different 

cooling rates; (c) different quenching temperatures. 

Fig. 3 XRD patterns of zirconia material treated with different isothermal treatment times, (a) 

1300 °C; (b) 1100 °C; (c) 900 °C. 

Fig. 4 Effects of process parameters on zirconia stability rate, (a) heating rate; (b) cooling rate; 

(c) quenching temperature; (d) isothermal treatment time. 

Fig. 5 SEM images of zirconia material before and after sintering, (a) raw material, 50×; (b) 

200×; (c) 1000×; (d) sintered sample, 500×; (e) 2000×; (f) 2000×. 

Fig. 6 SEM image and EDAX spectra of zirconia material sintered at 1450 °C for 4 h, (a) 

SEM image; (b) EDAX of spot 1; (c) EDAX of spot 2; (d) EDAX of spot 3. 
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Fig. 1 XRD pattern of fused zirconia raw material. 
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Fig. 2 XRD patterns of zirconia material treated with (a) different heating rates; (b) different 

cooling rates; and (c) different quenching temperatures. 
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Fig. 3 XRD patterns of zirconia material treated with different isothermal treatment times, (a) 

1300 °C; (b) 1100 °C; (c) 900 °C. 
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Fig. 4 Effects of process parameters on zirconia stability rate, (a) heating rate; (b) 

cooling rate; (c) quenching temperature; (d) isothermal treatment time. 

  



   

(a)                       (b)                      (c) 

   

(d)                       (e)                      (f) 

Fig. 5 SEM images of zirconia material before and after sintering, (a) raw material, 50×; (b) 

200×; (c) 1000×; (d) sintered sample, 500×; (e) 2000×; (f) 2000×. 

  



   

 

  

Fig. 6 SEM image and EDAX spectra of zirconia material sintered at 1450 °C for 4 h, (a) 

SEM image; (b) EDAX of spot 1; (c) EDAX of spot 2; (d) EDAX of spot 3. 
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