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Abstract: 

Partially stabilized zirconia (PSZ) replaces the widespread applications of full stabilized 

zirconia (FSZ) on ceramics materials and refractories materials, attributed to its excellent 

properties including small coefficient of thermal expansion, low thermal conductivity and 

good thermal shock resistance. In this work, CaO-doped partially stabilized zirconia 



(CaO-PSZ) was optimizedly prepared from fused zirconia through conventional roasting. 

Meanwhile, the effects of roasting temperature and duration time on stability properties were 

explored to determine the stability parameters of the prepared CaO-PSZ. Results indicated 

that the zirconia stability rate synchronously improved with the decrease of roasting 

temperature and duration time, which was attributed to that the martensitic transformation of 

fused zirconia with volume change plays a toughening effect, further rendering the change of 

zirconia stability properties. XRD patterns verified the martensitic transformation, 

representing by cubic ZrO2 phase (c-ZrO2) in raw fused zirconia was partially transformed 

into monoclinic ZrO2 phase (m-ZrO2) at 1450 °C for 4 h. Moreover, the phase transition law 

of fused zirconia was revealed through SEM and EDAX characterization for the raw fused 

zirconia and the prepared CaO-PSZ. SEM patterns showed acicular patterns of grains and 

round fine particles clustered at grain boundaries, indicating that CaO stabilizer precipitated 

on grain boundaries and rendered the crystal structure enhanced, which the result was 

consistent with EDAX analysis. This work can lay a significant foundation for applications of 

microwave heating on the preparation of partially stabilized zirconia (PSZ) from fused 

zirconia. 
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1 Introduction 

Zirconia (ZrO2) as important ceramic coating material, endows excellent physical 

properties such as high-temperature resistance, wear resistance and corrosion resistance, 

rendering it widely applied as refractory materials and ceramic pigments [1, 2]; additionally, 



it has received greatly increasing interest in the high-tech fields of bio-ceramics, electronic 

ceramics, functional ceramics and structural ceramics, etc., [3-6]. However, during the heating 

and cooling process, undoped pure zirconia with polymorphism is accompanied by volume 

expansion, and this volume expansion exceeds the elastic limit of zirconia [7]. In addition, the 

small thermal conductivity and large thermal expansion coefficient of undoped pure zirconia 

render it with poor mechanical, electrical and thermal shock resistance properties, further 

causing its applications in the manufacture of large and shaped products being blocked [8]. 

Hence, before developing the further deeper and broader utilization of zirconia material, 

undoped pure zirconia firstly needs to be treated with the stabilized process. Pure zirconia 

cannot maintain cubic phase (c-ZrO2) and tetragonal phase (t-ZrO2) at room temperature, and 

can only exist in a monoclinic phase (m-ZrO2); and a reversible martensitic transformation 

occurs between the three crystal forms of zirconia with temperature change, representing by 

the conversion of tetragonal phase (t-ZrO2) to monoclinic phase (m-ZrO2) occurred at 

1000 °C, with a corresponding reverse phase transition occurring at 1170 °C, and the 

conversion of tetragonal phase (t-ZrO2) to cubic phase (c-ZrO2) occurs at 2370 °C [9,10]. 

During the transformation of tetragonal phase (t-ZrO2) to monoclinic phase (m-ZrO2), many 

microcracks smaller than the critical dimension are formed around the converted particles, 

due to volume change. These microcracks are non-expanding under load, therefore without 

degrading the strength of the material. When the large cracks expand under load to encounter 

these cracks, a new phase change will be induced, and the extended crack will be diverted to 

absorb energy, thereby achieving a toughening effect [9, 10]. Meanwhile, Garvie et al. [11] 

reported the fine precipitates of monoclinic zirconia in a cubic stable matrix greatly improved 



the toughness and strength of the material. Therefore, the toughening effect of zirconia 

ceramics material can be achieved through the stabilized process by controlling the heating 

temperature and duration time. 

The stabilized process for zirconia materials refers to that the high temperature phase of 

zirconia, the tetragonal (t-ZrO2) or cubic (c-ZrO2) crystal structure is irreversibly transformed 

through chemical doping or physical methods into different steady-state forms of zirconia 

materials, which are stable at room temperature, usually by controlling the amount and type of 

added stabilizer or the grain size [12, 13]. Generally, the stable zirconia materials are 

classified into three types identified by the microstructure: full stabilized zirconia (FSZ), 

partially stabilized zirconia (PSZ), tetragonal zirconia polycrystalline (TZP) [14]. Moreover, 

partially stabilized zirconia (PSZ) endows more excellent mechanical properties than full 

stabilized zirconia (FSZ), including high melting point, low thermal conductivity, good 

thermal stability, low temperature creep, and good thermal shock resistance, which is mainly 

prepared by full stabilized zirconia (FSZ) doping with various stabilizing oxides, 

accompanied with a martensitic transformation, The stabilizing oxides are mainly the alkaline 

earth metal oxides or rare earth metal oxides, having a lower valence than tetravalent, 

including CaO [15, 16], MgO [17], CeO2 [18], UO2 [19], and Y2O3 [20], etc. Moreover, the 

difference between the cation radius of these oxides and the Zr4+ ion radius was less than 12% 

[21]; hence, the solubility properties of these oxides in zirconia are very high. After 

high-temperature treatment, these low-valence cations will replace the position of Zr4+; 

meanwhile, oxygen vacancies are introduced in the lattice to maintain the local electrical 

neutrality of zirconia material [22], and the oxidation is distributed inside of zirconia material, 



vacancies around Zr4+ reduce the repulsive force between local oxygen and oxygen, causing 

large distortion of the coordination layer, thereby forming a stable solid solution, with a 

lattice-type structure representing by a mixed phase of tetragonal phase (t-ZrO2) and cubic 

phase (c-ZrO2), rendering the zirconia material can maintain the metastable state at room 

temperature by preventing eutectoid decomposition with rapid cooling [23, 24]. 

In this work, optimization preparation of CaO-doped partially stabilized zirconia 

(CaO-PSZ) was investigated, with fused zirconia as raw material treated by conventional 

roasting. Meanwhile, the effects of roasting temperature and duration time on stability 

properties of CaO-doped partially stabilized zirconia (CaO-PSZ) were explored. Moreover, 

the phase transition mechanism of fused zirconia was revealed through characterization of 

phase transformation and physical structure, with the raw fused zirconia and the CaO-doped 

partially stabilized zirconia (CaO-PSZ) samples characterized by XRD, SEM, and EDAX. 

 

2 Materials and methods 

2.1 Materials 

The fused zirconia raw material was the full stabilized zirconia (FSZ), prepared by the 

electrofusion method and received from a factory in Yingkou City, Liaoning Province, P.R. 

China. The chemical compositions of fused zirconia raw material were provided by Kunming 

Metallurgical Research Institute (Kunming City, Yunnan Province, P.R. China), and the 

analytical results were shown in Table 1. It was characterized by the full stabilized zirconia 

(FSZ) was doped with Cao stabilizer with high zirconia content (95.1%) and other minor 

elements such as Al2O3, TiO2 and Fe2O3, with the 3.8% of CaO stabilizer content. Moreover, 



based on Table 1, it can be considered that the solid solution was composed as 0.08 

CaO·0.92ZrO2, referring to that the solid solution was composed of 8 (M)% of CaO content 

The XRD pattern of fused zirconia raw material was illustrated in Fig.1. As shown in 

Fig.1, the diffraction peak of calcium oxide (CaO) did not appear, therefore, it can be 

confirmed that the calcium oxide (CaO) was completely dissolved in the full stabilized 

zirconia (FSZ) to form a solid solution. Moreover, in accordance with the standard PDF cards 

of the three crystals of zirconia (see Supplementary data), including monoclinic phase 

zirconia (m-ZrO2, JCPDS: 37-1484), cubic phase zirconia (c-ZrO2, JCPDS: 49-1642), and 

tetragonal phase zirconia (t-ZrO2, JCPDS: 42-1164), it can be concluded that the fused 

zirconia was a solid solution formed by adding Cao stabilizer, which was a complete cubic 

phase zirconia (c-ZrO2) with the fluorite structure, without any monoclinic phase zirconia 

(m-ZrO2) and tetragonal phase zirconia (t-ZrO2) detected. 

2.2 Characterization 

X-ray diffraction (D/Max 2500, Rigaku, Japan) was applied to comparatively analyze the 

crystal structures of the raw material and the prepared CaO-PSZ, with the XRD patterns 

recorded at a scanning rate of 3 °/min with 2-thera regime from 10 ° to 100 ° using CuKα 

Radiation (λ=1.54056 Å), and with the anode current and voltage operated at 20 mA and 35 

KV, respectively. Scanning electron microscopy (XL30ESEM-TMP, Philips, Holland) was 

applied to characterize the microstructure morphologies of the raw material and the prepared 

CaO-PSZ. Meanwhile, energy dispersion scanner spectrometer (EDAX) attached to the SEM 

apparatus was utilized to determine elemental compositions of the prepared CaO-PSZ. 



2.3 Procedure 

The fused zirconia raw materials were ground by a test sample crusher (TJ-1003), and 

then screened to 10~20 mm, followed by the ground samples were dried at 120 ° C for 2 h in 

a digital blast drying oven (GZX-9030MBE). After drying, the samples with 200.0 g mass 

were introduced into a ceramic crucible and roasted by an electric resistance furnace 

(SGM3817B), without protective gas injected into furnace. Followed by the fused zirconia 

material was roasted at different temperatures with a temperature rise rate of 4 °C/min, 

including 1000 °C, 1100 °C, 1200 °C, 1300 °C, 1400 °C and 1450 °C, and treated with 

different duration time ranged from 0 h to 6 h, with 1 h as a variable node. After attaining the 

specific roasting temperature and duration time, the roasted samples were removed and cooled 

to 950 °C with the control cooling rate of 4 °C/min and through quenching treatment, with the 

CaO-doped partially stabilized zirconia (CaO-PSZ) prepared. Finally, the stability properties, 

phase compositions, microstructure morphology, and elemental compositions of the prepared 

partially stabilized zirconia (PSZ) samples were calculated and determined. 

2.4 Determination of zirconia stability properties 

The stability properties of zirconia ceramic material are generally measured by the 

stability rate, and the stability rate is defined as the quotient value of the sum of the X-ray 

diffraction peak intensities of the cubic phase zirconia (c-ZrO2) and the tetragonal phase 

zirconia (t-ZrO2) with the sum of the X-ray diffraction peak intensities of the cubic phase 

(c-ZrO2), the tetragonal phase (t-ZrO2), and the monoclinic phase zirconia (c-ZrO2) [25]. 

Simply, the stability rate of zirconia materials is defined as the following equation [26],  



Stability	rate =
Intensity	of	29.92°

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

Where Intensity of 29.92° indicates the peak intensity of cubic-phase zirconia (c-ZrO2); 

Intensity of 28.06° and Intensity of 31.24° represent the peak intensities of monoclinic 

zirconia (m-ZrO2). Moreover, these peaks are theoretically unchanged; therefore, the stability 

rate of the zirconia ceramic material can be calculated based on the XRD analysis by the 

K-value semi-quantitative method. 

 

3 Results and discussion 

3.1 Stability properties analysis 

The stability properties of partially stabilized zirconia (PSZ) material are influenced by 

many factors, including roasting temperature, and duration time, etc. Therefore, influence of 

roasting temperature and duration time on the stability properties and phase composition of 

partially stabilized zirconia (PSZ) was studied, further to determine the optimum roasting 

preparation parameters for the CaO-doped partially stabilized zirconia (CaO-PSZ) from fused 

zirconia.  

3.1.1 Effect of roasting temperature on stability rate 

Effects of roasting temperatures on stability properties and phase compositions of the 

prepared CaO-doped partially stabilized zirconia (CaO-PSZ) were investigated by fused 

zirconia material roasted at 1000 °C, 1100 °C, 1200 °C, 1300 °C, 1400 °C, 1450 °C, 

respectively, and the relationship of stability properties and phase structure change with 

temperature was illustrated in Fig. 2 and Fig. 3, respectively. 

Fig. 2 displayed the effects of roasting temperature on the stability rate of the prepared 



CaO-doped partially stabilized zirconia (CaO-PSZ), with the results calculated by Eq. (1). As 

illustrated in Fig. 2, the zirconia stability rate gradually decreased with the increase of 

temperature, with 100% at 950 °C dropped to 98.6% at 1050 °C, to 95.6% at 1250 °C and 

75.2% at 1450 °C; and the higher the temperature, the more obvious the decline of zirconia 

stability rate, indicating that the higher temperature was favorable for the phase transition of 

zirconia and rendered bigger influence on the zirconia stability rate. Moreover, referring to the 

definition of Eq. (1), it can be concluded that there must occur the phase transition of fused 

zirconia, with the reversible martensitic transformation occurring in zirconia material with 

temperature change. The conversion of tetragonal phase (t-ZrO2) to monoclinic phase 

(m-ZrO2) occurs at 1000 °C with a corresponding reverse phase transition occurring at 

1170 °C [25, 26], and the roasting temperatures in the work were controlled at the regimes of 

1000 °C to 1450 °C; therefore, it can be speculated that at the chosen temperature regime, the 

conversion of cubic phase (c-ZrO2) to tetragonal phase (t-ZrO2) and the conversion of 

tetragonal phase (t-ZrO2) to monoclinic phase (m-ZrO2) occurred, causing that the cubic 

phase (c-ZrO2) was partially converted into monoclinic phase (m-ZrO2), further rendering the 

decrease of stability properties. Additionally, the stability rate was 100% at 950 °C, indicating 

that there was no monoclinic phase zirconia (m-ZrO2) produced, which was ascribed to that 

the temperature at 950 °C was lower than the conversion temperature of tetragonal phase 

(t-ZrO2) to monoclinic phase (m-ZrO2) at 1000 °C. 

Fig. 3 presented the phase compositions of zirconia material roasted at different roasting 

temperatures, and it was observed from Fig. 3 that with roasting temperature increasing, the 

intensity of cubic phase zirconia (c-ZrO2) diffraction peak at 29.92° gradually decreased, and 



the intensities of monoclinic phase zirconia (m-ZrO2) diffraction peaks at 28.06° and 31.24° 

gradually increased, indicating the decrease of cubic phase (c-ZrO2) and the increase of 

monoclinic phase (m-ZrO2) in the prepared CaO-doped partially stabilized zirconia 

(CaO-PSZ), further to cause the phenomenon that the stability properties decreased with 

temperature increasing. The findings were consistent with the results obtained in Fig. 2, which 

was ascribed to that the reversible martensitic transformation of fused zirconia and the cubic 

phase (c-ZrO2) was partially converted into monoclinic phase (m-ZrO2) with temperature 

change. Meanwhile, at a roasting temperature of 950 °C, only cubic phase zirconia (c-ZrO2) 

was detected without monoclinic phase zirconia (m-ZrO2) observed, which was attributed to 

that the temperature at 950 °C was lower than the conversion temperature of tetragonal phase 

(t-ZrO2) to monoclinic phase (m-ZrO2) at 1000 °C, therefore without monoclinic phase 

zirconia (m-ZrO2) formed. Moreover, the stability rate can be speculated to be 100% referred 

to Eq. (1), which was consistent with the results shown in Fig. 2. Moreover, compared with 

the raw zirconia material (Fig. 1), it was concluded the after roasting, the new phase, 

monoclinic phase zirconia (m-ZrO2) appeared, and its peak intensities increased with 

temperature increasing, which was attributed to the phase transformation between cubic phase 

zirconia (c-ZrO2) and monoclinic phase zirconia (m-ZrO2). 

3.1.2 Effect of duration time on stability rate 

Effects of duration times on stability properties and crystal structures of the prepared 

CaO-doped partially stabilized zirconia (CaO-PSZ) were explored by controlling fused 

zirconia material roasted at 1450 °C and treated with different duration times, including 0 h, 1 

h, 2 h, 3 h, 4 h, 5 h and 6 h, and the calculated and characterization results were plotted in Fig. 



4 and Fig. 5, respectively. 

Effects of duration times on zirconia stability rate were determined, and the calculated 

results were plotted in Fig. 4. As seen from Fig. 4, at the roasting temperature of 1450 °C, the 

zirconia stability rate decreased with duration time prolonging, representing by 95.8% at 0 h 

dropped to 78.8% at 3 h and 73.5% at 6 h. The phenomenon observed from Fig. 4 indicated 

that prolonging duration time contributed to the conversion of cubic phase zirconia (c-ZrO2) 

to monoclinic phase zirconia (m-ZrO2). With duration time prolonging, the higher content of 

monoclinic phase zirconia (m-ZrO2) was formed by the martensitic transformation to cubic 

phase zirconia (c-ZrO2). Hence, the stability rate of the prepared CaO-doped partially 

stabilized zirconia (CaO-PSZ) decreased with duration time prolonging. Moreover, in the 

initial stage of heat preservation, the zirconia stability rate sharply decreased with duration 

time; while the duration time prolonged to 4 h, the zirconia stability rate generally showed a 

slower decreasing trend with duration time, and gradually tended to be balanced. Therefore, it 

can be concluded that the influence law of duration time on zirconia stability properties can be 

summarized as that at a fixed roasting temperature, the phase transition gradually increased 

with the prolong of duration time, rendering the gradual decrease of stability rate and the 

equilibrium reached at 4 h. 

Fig. 5 illustrated the crystal structures of zirconia material roasted at 1450 °C with 

different duration times. As observed from Fig. 5, without holding treatment (the duration 

time of 0 h), the intensity of cubic phase zirconia (c-ZrO2) diffraction peak at 29.92° was very 

strong, while the intensity of monoclinic phase zirconia (m-ZrO2) at 28.06° and 31.24° was 

very weak. However, after 1 h of insulation treatment, the intensity of cubic phase zirconia 



(c-ZrO2) diffraction peak at 29.92° was weakened; conversely, the intensity of monoclinic 

phase zirconia (m-ZrO2) at 28.06° and 31.24° was enhanced; meanwhile, the intensity of 

monoclinic phase zirconia (m-ZrO2) at 28.06° and 31.24° enhanced with duration time 

prolonging, indicating that prolonging duration time improved the phase transformation 

process of cubic phase zirconia (c-ZrO2) into monoclinic phase zirconia (m-ZrO2). Similarly, 

the findings obtained from XRD patterns (Fig. 5) were consistent with the stability properties 

analysis. 

3.2 Phase structure characterization analysis 

The phase transformation of zirconia material causes the change of stability properties. 

Therefore, to better reveal the phase transition mechanism of fused zirconia, the phase 

transformation and physical structure of the raw fused zirconia and the prepared CaO-doped 

partially stabilized zirconia (CaO-PSZ) sample were characterized by XRD, SEM, and EDAX, 

respectively, prepared at the optimal roasting temperature of 1450 °C and duration time of 4 h; 

and the characterization results were presented in Fig. 6, Fig. 7, and Fig. 8, respectively. 

3.2.1 Characterization by XRD 

Fig. 6 displayed the phase composition change of fused zirconia before and after roasting. 

Compared with the XRD patterns of raw zirconia and the prepared CaO-doped partially 

stabilized zirconia (CaO-PSZ), the distinct diffraction peaks of monoclinic phase zirconia 

(m-ZrO2) appeared at 28.06° and 31.24°, and the intensity of cubic phase zirconia (c-ZrO2) 

diffraction peak at 29.92° reduced sharply, which was similarly ascribed to the martensitic 

transformation of fused zirconia, and the cubic phase (c-ZrO2) was partially converted into 

monoclinic phase (m-ZrO2) with temperature change. 



Moreover, the thermal shock stability of partially stabilized zirconia (CaO-PSZ) is 

related to the content of the three crystal phase, wherein the relationship between the thermal 

shock stability and monoclinic phase content in zirconia material was detailed in 

Supplementary data. With the increase of monoclinic phase content, the thermal shock 

stability of partially stabilized zirconia (CaO-PSZ) is obviously improved; however, when the 

monoclinic phase zirconia (m-ZrO2) content is larger than the certain value at 30%, its 

thermal stability is significantly reduced. Therefore, the index for the best thermal shock 

resistance for the partially stabilized zirconia (PSZ) is obtained with the monoclinic zirconia 

content at about 30%, and with only monoclinic phase zirconia (m-ZrO2) and cubic phase 

zirconia (c-ZrO2) in the partially stabilized zirconia (PSZ). Therefore, combined with the 

XRD pattern and the thermal shock stability (see Supplementary data), it can be concluded 

that the partially stabilized zirconia (PSZ) prepared from fused zirconia had better thermal 

shock stability than fused zirconia. 

3.2.2 Characterization by SEM 

Fig. 7 presented the microscopic appearance change of fused zirconia before and after 

roasting. Wherein Fig. 7(a), (b) and (c) presented the SEM patterns of the raw fused zirconia 

material, Fig. 7(d), (e) and (f) presented the SEM patterns of CaO-doped partially stabilized 

zirconia (CaO-PSZ) prepared at the optimum process conditions. 

Compared with Fig. 7(a) and Fig. 7(d), it was observed from Fig. 7(a) that the raw fused 

zirconia sample was grayish black, which was mainly attributed to that the formation 

environment of the fused zirconia sample was deficient in oxygen, and oxygen in the crystal 

lattice escaped, causing oxygen vacancies in the crystal, further rendering the fused zirconia 



material represented this color [21, 25]. While for the roasted fused zirconia material, the 

color changed from grayish black to yellow, and the color for the inside and outside of the 

roasted sample was the same, which indicated that during the conventional roasting process, 

there maintained a certain partial pressure of oxygen in the furnace; meanwhile, the 

gray-black fused zirconia fully contacted with air during roasting process, and part of the 

existing oxygen vacancies were filled by oxygen diffusion mechanism [13, 27]. Moreover, it 

was obviously observed from Fig. 7(b) and Fig. 7(c) that there were regular crystal boundaries, 

with the angles for the boundary intersection points almost balanced at 120°, indicating that 

the raw fused zirconia material was mainly cubic phase zirconia (c-ZrO2), which the result 

corresponded with the XRD analysis for the raw zirconia material, as shown in Fig. 1. And 

for the CaO-doped partially stabilized zirconia (PSZ) roasted at 1450 °C for 4 h, as displayed 

in Fig. 7(e) and Fig. 7(f), numerous acicular patterns of grains and round fine particles 

gathered at the crystal boundary, indicating the CaO stabilizer precipitated in the fused 

zirconia material during the roasting process. Meanwhile, after roasting treatment, no cracks 

appeared on the sample surface, with only small pores existing, indicating the prepared 

CaO-doped partially stabilized zirconia (PSZ) met the basic requirements of 

high-performance products. 

3.2.3 Characterization by EDAX 

Fig. 8 illustrated the SEM pattern and EDAX spectra of zirconia material roasted at 

1450 °C for 4 h, wherein Fig. 8(a) presented the SEM pattern and Fig. 8(b), (c), (d) and (e) 

displayed the EDAX spectra of spot 1, spot 2, spot 3, and spot 4, respectively, as marked in 

Fig. 8(a). As observed from Fig. 8, spot 1 and spot 2 were located at acicular pattern crystal 



grains; hence, there was little difference for the elemental compositions. Wherein spot 1 was 

characterized with the 1.19% of CaO content and 83.94% of ZrO2 content, and spot 2 was 

determined with the 1.19% of CaO content and 84.81% of ZrO2 content. However, the CaO 

contents at spot 3 and spot 4 were much higher than that at spot 2, with 3.49% at spot 3 and 

3.26% at spot 4, respectively; meanwhile, the ZrO2 contents at spot 3 and spot 4 were lower 

than that at spot 2, with 83.79% at spot 3 and 80.21% at spot 4, respectively, which clearly 

indicated that the CaO stabilizer was precipitated at the grain boundary of the prepared 

partially stabilized zirconia (PSZ) during roasting process, representing the formation of 

CaO-doped partially stabilized zirconia (CaO-PSZ). 

 

4 Conclusions 

In this work, CaO-doped partially stabilized zirconia (CaO-PSZ) was optimizedly 

prepared from fused zirconia by conventional roasting. Results indicated roasting temperature 

and duration time showed the same influence trend for zirconia stability properties, 

representing by the stability rate conversely declined. XRD patterns revealed the phase 

transition mechanism of fused zirconia during roasting process, and the CaO-doped partially 

stabilized zirconia (CaO-PSZ) with mixed cubic ZrO2 phase (c-ZrO2) and monoclinic ZrO2 

phase (m-ZrO2) was obtained after fused zirconia roasted at 1450 °C for 4 h, which was 

ascribed to the reversible martensitic transformation of fused zirconia with temperature 

change. SEM and EDAX analysis simultaneously indicated CaO stabilizer precipitated at the 

grain boundary, with acicular patterns of grains and round fine particles gathered at the crystal 

boundary. The work confirms effective preparation for CaO-doped partially stabilized 



zirconia (CaO-PSZ) from fused zirconia, furthermore demanding further studies to explore 

the economic feasibility for commercial adoption. 
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Table captions 

Table 1 Chemical compositions of fused zirconia raw material 

  



Figure captions 

Fig. 1 XRD pattern of fused zirconia raw material 

Fig. 2 Effects of roasting temperatures on zirconia stability rate 

Fig. 3 XRD patterns of zirconia material roasted at different roasting temperatures 

Fig. 4 Effects of duration times on zirconia stability rate 

Fig. 5 XRD patterns of zirconia material roasted at 1450 °C with different duration times 

Fig. 6 XRD pattern of zirconia material roasted at 1450 °C for 4 h 

Fig. 7 SEM patterns of zirconia material before and after roasting treatment; (a) raw material; 

(b) 200 ×; (c) 1000 ×; (d) roasted sample; (e) 2000 ×; (f) 2000 × 

Fig. 8 SEM pattern and EDAX spectra of zirconia material roasted at 1450 °C for 4 h, (a) 

SEM pattern; (b) EDAX of spot 1; (c) EDAX of spot 2; (d) EDAX of spot 3; (e) EDAX of 

spot 4 

  



 

  Table 1 Chemical compositions of fused zirconia raw material 

Compositions ZrO2 CaO SiO2 Al2O3 TiO2 Fe2O3 

Mass/W% 95.1 3.8 0.4 0.3 0.3 0.1 
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Fig. 1 XRD pattern of fused zirconia raw material. 
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Fig. 2 Effects of roasting temperatures on zirconia stability rate. 
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Fig. 3 XRD patterns of zirconia material roasted at different roasting temperatures. 
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Fig. 4 Effects of duration times on zirconia stability rate. 
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Fig. 5 XRD patterns of zirconia material roasted at 1450 °C with different duration 

times. 
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Fig. 6 XRD pattern of zirconia material roasted at 1450 °C for 4 h. 
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(d)                       (e)                      (f) 

Fig. 7 SEM patterns of zirconia material before and after roasting treatment; (a) raw material; 

(b) 200 ×; (c) 1000 ×; (d) roasted sample; (e) 2000 ×; (f) 2000 × 

  



 

    

       

Fig. 8 SEM pattern and EDAX spectra of zirconia material roasted at 1450 °C for 4 h, (a) 

SEM pattern; (b) EDAX of spot 1; (c) EDAX of spot 2; (d) EDAX of spot 3; (e) EDAX of 

spot 4 

(c) 

(d) (e) 

(b) 

(a) 



Declaration of interests 

 

☒ The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. 

 

☐The authors declare the following financial interests/personal relationships which may be considered 

as potential competing interests:  

 

 
 
 

 

 


