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Abstract: 

Partially stabilized zirconia (PSZ) ceramics play a significant role as fundamental 

ceramics and refractory materials. In this work, a CaO-PSZ ceramics material was 

synthesized from fused ZrO2 by microwave sintering. The stability properties and structural 

characteristics of the products were characterized via X-ray diffraction (XRD) and scanning 

electron microscopy (SEM). Results indicated that in a microwave field, the duration and 

sintering temperature presented similar influence trends for the stability properties of ZrO2 

ceramics materials, which the finding was assigned to the phase transformation of ZrO2 with 

temperature change. In addition, following the microwave treatment of the fused zirconia 

sample at 1450 °C for 2.0 h, a cubic and monoclinic mixed phase was formed. These 

outcomes corresponded to the results from the SEM and energy dispersive X-ray (EDAX) 

analysis, demonstrating the successful preparation of the CaO-PSZ ceramics. The toughness 

of the ceramics was improved, which could be attributed to the formation of 

CaO-stabilizer-precipitated acicular crystals. The theoretical fundamentals and the practical 

cases presented in this paper are beneficial for the application of the microwave sintering 

technology in the synthesis of CaO-PSZ ceramics. 

Keywords: CaO-PSZ ceramics; stability properties; structural characteristics; microwave 

sintering 

 

1 Introduction 

Partially stabilized zirconia (PSZ) ceramics materials present excellent physical 

properties, including reasonable chemical inertness, low thermal conductivity, strong 



corrosion resistance, small thermal expansion coefficient, and excellent thermal shock 

resistance [1-3]. Therefore they are expected to gradually replace the widespread applications 

of pure zirconia (ZrO2) in advanced ceramics materials, for instance, electronic ceramics, 

functional ceramics, bio-ceramics, and structural ceramics [4-6]. Additionally, among their 

relatively wider applications, they have been frequently reported as abrasive materials, 

refractory materials, and insulation materials [7-9]. It is worth mentioning that prior to the 

major discovery of a PSZ ceramics by Garvie et al. [10], pure ZrO2 ceramics had a dominant 

position in the market of ceramics materials. However, further applications of pure ZrO2 

ceramics were affected by their functional properties compared to those of a PSZ ceramics. A 

large volume effect accompanies the temperature changes during the manufacture of a pure 

ZrO2 ceramics material. Regardless of the temperature rise or fall, which causes accumulation 

of the internal stress and the formation of fatal defects, it is important to reduce the inevitable 

adverse impact on the physical properties of pure ZrO2 [11, 12]. This in turn hampers its 

further applications in functional/structural materials. 

Currently, PSZ ceramics are mainly produced with ZrO2, which possesses an 

incomparable martensitic conversion characteristic [13]. A reversible phase transformation 

occurs between the characteristic crystal phases of ZrO2, e.g., monoclinic (m-ZrO2), cubic 

(c-ZrO2), and tetragonal (t-ZrO2) phases of ZrO2, with temperature change [14]. The phase 

transformation follows the process: m-ZrO2 ↔ t-ZrO2 ↔ c-ZrO2 [13, 14]. Specifically, the 

conversion processes of m-ZrO2 to t-ZrO2 and of t-ZrO2 to m-ZrO2 occur at a temperature 

higher than 1173 °C and lower than 1000 °C, respectively. The temperature of the reversible 

phase conversion between t-ZrO2 and c-ZrO2 is reported as 2370 °C [15]. Garvie et al. 



discovered that a PSZ ceramics material with a mixed phase, composed of m-ZrO2 and 

c-ZrO2, significantly improved the toughness and the thermal shock resistance properties [10]. 

Commonly, the raw material, ZrO2, is doped with stabilizers, including CaO [16], Al2O3 [17], 

MgO [18], CeO2 [19], Bi2O3 [20], and Y2O3 [21], to prepare PSZ ceramics. By doping these 

metal oxides, a metal cation with a radius close to that of zirconium ions (Zr4+) is introduced 

with little changed in the crystal structure. Therefore, these cations can substitute Zr4+ to form 

a stable substitutional solid solution [22, 23] and enhance the toughness of ZrO2 ceramics [24, 

25]. A PSZ ceramics material with a high-toughness microstructure is prepared by sintering 

synthesis followed by a long solution treatment for the solid solution, as demonstrated at 

1750 °C for 5 h in a conventional heating furnace [22]. However, the industrial production of 

PSZ ceramics is constrained by the low controllability of the product quality, even with a long 

process time and high temperature. Therefore, there exists an urgent demand for the 

development of novel preparation processes to provide solutions for these technical problems 

related to PSZ ceramics preparation. 

Microwave sintering can rapidly synthesize materials with novel performance and high 

quality, such as alloy materials, nanomaterials, and ceramics materials [26-28]. During 

microwave sintering, the microwave energy absorbed by the materials is directly converted to 

the internal energy (typically thermal energy) required by the internal molecules; therefore, 

the entire material is uniformly heated to a certain temperature, achieving densification 

sintering for the materials. Compared with conventional sintering, microwave sintering has 

more advantageous characteristics, including a relatively lower treatment temperature and 

shorter process time, energy saving, environmental friendliness, and operation timeliness 



and simplicity [29-31]. Guo et al. demonstrated a fused ZrO2 material with reasonable 

microwave-absorbing properties, which could be heated to 1500 °C within 5 min with 

microwave energy. This study laid the fundamental foundation for the application of 

microwave sintering to ZrO2 materials [32]. Zhang et al. proposed microwave-assisted 

sintering for the preparation of CaO-PSZ ceramics at 950 °C with a sintering duration of less 

than 4 h [33]. In addition, Mazaheri et al. highlighted that nanocrystalline yttria-stabilized 

ZrO2 samples on microwave sintering exhibited outstanding grain sizes and high 

microstructure uniformity, presenting macroscopic mechanical properties [34]. Under the 

action of microwaves, the sintering activation energy and the sintering time are both 

decreased. Hence, rapid sintering can be performed at low temperatures, causing the crystal 

grains in the sample to be rapidly sintered before being grown. This largely suppresses the 

grain growth, further rendering the microwave-sintered samples with higher density, hardness, 

and toughness [35-36]. Moreover, the pores inside such a sample are smaller, the pore shape 

is closer to a circle, and the pore distribution and microstructure are more uniform than in 

those samples generated by conventional sintering. Therefore, a microwave-sintered sample 

possesses comparatively better ductility and toughness [37-38]. 

In the present study, CaO-stabilized ZrO2 ceramics were efficiently synthesized from 

fused ZrO2 by microwave sintering. Concurrently, the relationship between the duration and 

sintering temperature with the stability properties of the sintered CaO-PSZ ceramics samples 

was studied. Furthermore, X-ray diffraction (XRD), scanning electron microscopy (SEM), 

and energy dispersive X-ray (EDAX) characterizations were conducted to analyze the 

structural characteristics, and fused ZrO2 and the sintered CaO-PSZ samples were compared. 



 

2 Materials and methods 

2.1 Materials 

In this study, fused ZrO2 was selected as the raw source for the preparation of PSZ 

ceramics materials. Fused ZrO2 belongs to the category of fully stabilized ZrO2 (FSZ) 

ceramics materials, and was produced by electric melting in a workshop (Yingkou city, 

Liaoning province, P.R. China). The chemical analytical data of the raw material was 

provided by the workshop, listed in Table 1. As presented in Table 1, the fused ZrO2 mainly 

contained 95.1% of ZrO2, 3.8% of CaO, and a small amount of gangue (SiO2) as well as 

complex metal oxides, with CaO being the doped stabilizer. Therefore, the prepared PSZ 

ceramics material was also doped with CaO, which is referred to as the CaO-PSZ ceramics. 

Additionally, the crystal compositions of the fused ZrO2 were characterized via XRD analysis. 

As displayed in Fig. 1, the fused ZrO2 is formed by c-ZrO2 (JCPDS: 49-1642); the other two 

crystal forms are absent, confirming that the fused ZrO2 is an FSZ ceramics material. 

Although, it is clear that CaO is present in the fused ZrO2 (Table 1), its characteristic peaks 

are absent in the XRD pattern (Fig. 1). Thus, Table 1 and Fig. 1 confirm the dissolution 

behavior of the CaO stabilizer in the raw material, based on the formation of a solid solution 

[22, 23]. 

2.2 Instrumentation 

For the preparation of the CaO-PSZ ceramics, a microwave vacuum sintering furnace 

(WYWAVE) was used, whose schematic is displayed in Fig. 2. The main components of the 

furnace are an insulating brick and a microwave cavity, thermocouple, barometer, a computer 



control system, vacuum pump, motor, rotation, magnetron, gas generator, rotameter, and 

valve. An infrared thermocouple (Marathon Series, Raytek, USA, service temperature regime: 

450 °C-1600 °C) attached to the furnace determined the sample temperature. Based on the 

different experimental requirements, microwave energy with a continuous controllable power 

regime of 0 kW-3 kW and a microwave frequency of 2450 MHz was supplied to heat the 

samples, which were surrounded by a protective gas. 

2.3 Procedure 

The fused ZrO2 was initially crushed into powdered form, which had a particle size 

range of 10 mm-20 mm. Then, 100.0 g of the ground sample was weighed and placed in a 

crucible before being treated in the microwave vacuum sintering furnace (WYWAVE). During 

the sintering processes of the PSZ ceramics samples, both the heating and cooling rates were 

maintained constant, which were 400 °C/min and 4 °C/min, respectively. The sintering 

temperature was controlled in the range of 900 °C-1450 °C with an adjustable duration of 0 

h-7 h. The quenching treatment temperature was kept constant at 950 °C to obtain the 

expected PSZ ceramics materials. Subsequently, the stability properties, structural 

characteristics, and elemental properties (semi-quantitative analysis) of the prepared products 

were studied. 

2.4 Characterization 

The crystal compositions of the fused ZrO2 and the microwave-sintered CaO–PSZ 

samples were obtained via XRD (D/Max 2500, Rigaku, Japan). Additionally, their 

microstructural characteristics were analyzed via SEM (XL30ESEM-TMP, Philips, Holland). 

Furthermore, an elemental semi-quantitative analysis of the CaO-PSZ ceramics samples was 



conducted via EDAX using an energy dispersion scanner spectrometer. 

 

3 Results and discussion 

3.1 Phase diagram analysis of CaO-ZrO2 system 

Before conducting the microwave sintering experiments, the phase transition principle of 

the fused ZrO2 were investigated systematically and accurately. Based on the corresponding 

phase diagram, the basic experimental parameters required for the preparation of the PSZ 

ceramics by microwave sintering were determined. According to the type of stabilizer (CaO) 

and the mass composition of the chemical constituent elements of the solid solution (Table 1), 

the CaO-ZrO2 system phase diagram was selected for the analysis [39], as provided in 

Supplementary data. 

The phase diagram of the CaO-ZrO2 system (see Supplementary data) indicates that the 

theoretical phase transition temperature of the fused ZrO2 is approximately 1000 °C, which is 

different from that of pure ZrO2, i.e., at approximately 1170 °C. Concurrently, at room 

temperature, the fused ZrO2 exists in a mixed form of m-ZrO2 and c-ZrO2, without the 

tetragonal phase; the tetragonal phase is formed in a high-temperature region. Additionally, 

with increasing temperature, the conversion from c-ZrO2 to t-ZrO2 occurs, whereas during 

cooling, the conversion from t-ZrO2 to m-ZrO2 or from t-ZrO2 to c-ZrO2 occurs. Therefore, to 

prepare PSZ ceramics materials, the fused ZrO2 must be initially heated and kept warm to 

obtain t-ZrO2 by conversion from c-ZrO2 to t-ZrO2. Subsequently, m-ZrO2 is obtained by a 

cooling process, in which the conversion from t-ZrO2 to m-ZrO2 occurs. 



3.2 Stability properties analysis 

The relationships of the duration and the sintering temperature with the stability 

properties and crystal structures of the CaO-PSZ ceramics samples were investigated. The 

aim was to explore the optimum synthesis conditions for CaO-PSZ ceramics using fused ZrO2 

by microwave sintering. 

3.2.1 Effect of sintering temperature on stability rate 

The influence of the sintering temperature on the crystal compositions of the sintering 

products is illustrated in Fig. 3. For this, the sintering temperature is controlled to range from 

900 °C to 1450 °C, and the heating rate, duration, cooling rate, and quenching temperature are 

maintained constant as 400 °C/min, 4 °C/min, 2.0 h, and 950 °C, respectively. As observed 

from Fig. 3, as the sintering temperature continuously increases, the intensity of the c-ZrO2 

diffraction peak at 29.92° presents a continuously decreasing trend, whereas the intensities of 

the m-ZrO2 diffraction peaks at 28.06° and 31.24° exhibit gradually increasing trends. This 

suggests that the phase transitions of the fused ZrO2 are continuous, including the transition 

processes from c-ZrO2 to t-ZrO2 and from t-ZrO2 to m-ZrO2. Concurrently, the decrease in 

c-ZrO2 and the increase in m-ZrO2 indicate the preliminary synthesis of a CaO–PSZ ceramics 

material, with a phase mixture of the monoclinic and cubic phases [10]. Specifically, as 

observed from Fig. 3, only c-ZrO2 appears at 900 °C, indicating that this phase transition did 

not at the sintering temperature, as the temperature did not exceed the temperature (1000 °C) 

for the phase transition of t-ZrO2 to m-ZrO2 [15]. Thus, based on Eq. (1), m-ZrO2 is absent, 

and the stability rate of the sintering product at 900 °C can be determined to be 100%. 

Moreover, combining Figs. 1 and 3, m-ZrO2 is observed when the temperature exceeds 



1000 °C, which is ascribed to the sintering temperature meeting the thermodynamic 

conditions for the conversion of t-ZrO2 to m-ZrO2 [15]. Simultaneously, the presence of a 

mixed phase of the sintered ZrO2 ceramics demonstrates the successful preparation of the 

CaO-PSZ ceramics [10]. 

The stability properties can be correlated to the XRD pattern of the ZrO2 ceramics 

material [40], as detailed in Supplementary data. Based on the XRD patterns of the sintering 

products prepared at different temperatures, as illustrated in Fig. 3, their stability properties 

were determined, which are displayed in Fig. 4. In Fig. 4, the stability rate presents a 

decreasing trend with increasing sintering temperature, being 100% at 900 °C and decreasing 

to 98.6% at 1050 °C, 93.4% at 1250 °C, and 71.2% at 1450 °C. Concurrently, it can be 

concluded that the sintering temperature and the stability rate are negatively correlated, which 

signified that increasing the sintering temperature is beneficial for the phase transformation 

processes. These include the transition from c-ZrO2 to t-ZrO2 and from t-ZrO2 to m-ZrO2, 

which lead to more formation of m-ZrO2, further causing the stability properties of the CaO–

PSZ ceramics to decrease. Additionally, the sintering temperatures in microwave sintering are 

lower than that in conventional sintering (1750 °C) [22], which indicates the excellent 

advantages of preparing PSZ ceramics with the former method. In addition, in agreement with 

the above analysis of the XRD characterization presented in Fig. 3, the stability rate is 

determined to be 100% at 900 °C, suggesting that m-ZrO2 is absent in the product. 

3.2.2 Effect of duration on stability rate 

The impact of the sintering duration on the crystal compositions of the prepared sintering 

products is shown in Fig. 5. For this, the duration was controlled in the range of 0 h to 7 h, 



and the heating rate, cooling rate, sintering temperature, and quenching temperature were 

400 °C/min, 4 °C/min, 1450 °C, and 950 °C, respectively. As illustrated in Fig. 5, at 1450 °C 

without any treatment, the diffraction peak intensity of c-ZrO2 at 29.92° is strongly prominent, 

and the intensities of the diffraction peaks of m-ZrO2 at 28.06° and 31.24° are slightly weak. 

However, as the duration increases from 1 h to 2 h, the peak intensity of c-ZrO2 at 29.92° 

presents a gradually decreasing trend, whereas those of m-ZrO2 at 28.06° and 31.24° exhibit a 

continuous increasing trend, indicating the higher the completion degree of the phase 

conversion, the more m-ZrO2 is produced. Moreover, once the duration increases, i.e., from 2 

h to 5 h, it can be observed from Fig. 5 that the diffraction peak intensities of both c-ZrO2 and 

m-ZrO2 decrease. Therefore, it can be concluded that as a preparation parameter for the CaO–

PSZ ceramics by microwave sintering, the optimum duration should be in the range of 2–5 h, 

which is much shorter than that required by conventional sintering (5 h) [22]. This 

demonstrates the excellent advantages for preparing PSZ ceramics by the former method. 

Based on the intensities in the XRD patterns of the sintering products prepared at 

different durations, as shown in Fig. 5, their stability properties were determined and are 

displayed in Fig. 6. Fig. 6 presents that on extending the sintering time at 1450 °C, the 

stability rate exhibits a decreasing trend, changing from 96.4% at 0 h to 66.8% at 3 h and 56.7% 

at 7 h. The decrease in the stability properties suggests that the higher the completion degree 

of the phase transformation, the more m-ZrO2 is produced. Further, it can be summarized that 

extending the sintering time promotes the phase transformation, including the transition from 

c-ZrO2 to t-ZrO2 and from t-ZrO2 to the m-ZrO2, which results in more formation of m-ZrO2, 

thereby decreasing the stability properties of the CaO–PSZ ceramics material. In addition, 



during the earlier stage of the treatment, the stability rate presents a sharp decreasing trend as 

the sintering time increasing. However, if the sintering time is longer than 2 h, the slope of the 

trend line describing the ZrO2 stability rate becomes more general. 

3.3 Structural characteristics characterization 

The sintered ZrO2 ceramics material possesses a compact structure, which indicates 

strong physical functional properties. Therefore, the structural characteristics of the fused 

ZrO2 and the sintered CaO-PSZ samples synthesized at 1450 °C for 2 h were analyzed via 

XRD, SEM, and EDAX characterization, and the respective results are displayed in Figs. 7-9, 

respectively. 

3.3.1 XRD characterization 

Fig. 7 illustrates the crystal compositions of the fused ZrO2 and the sintered CaO-PSZ 

samples. According to the phase composition of the fused ZrO2, m-ZrO2 first appears in the 

products, accompanied by the distinct appearance of its XRD characteristic peaks at 28.06° 

and 31.24° and a sharp weakening of the XRD characteristic peak of c-ZrO2 at 29.92°. The 

detected m-ZrO2 arises from the martensitic transformation, including the conversion from 

c-ZrO2 to t-ZrO2 and from t-ZrO2 to m-ZrO2. The phase conversions between the three 

crystals of ZrO2 lead to more formation of m-ZrO2, further demonstrating the successful 

preparation of the CaO-PSZ with mixed monoclinic and cubic phases [10]. 

Additionally, it can be speculated that the thermal shock resistance performance of the 

microwave sintered CaO-PSZ samples will be better than that of the fused ZrO2 material. 

Typically, the performance of a material to withstand the temperature changes at a rapid rate 

without being damaged is determined by its thermal shock resistance [41]. When there is a 



temperature gradient or a thermal expansion mismatch between different phases, thermal 

stress is generated in the interior of the material. According to the thermoelastic theory [42], 

the surface of this material will be in a tensile stress state during cooling, and it will break 

when the tensile stress exceeds the tensile strength limit. Concurrently, a thermal shock will 

cause the strength of the material to attenuate; in addition, cracks will be induced in the 

material, which accelerate its spalling and erosion, causing severe damage to the material. 

This theory is particularly correct for the ceramics and refractory materials used under thermal 

shock cycling conditions [43]. Therefore, thermal shock resistance is the main indicator to 

measure the performance of ZrO2 ceramics materials. Furthermore, c-ZrO2 has the largest 

thermal expansion coefficient, which is owing to its uniaxiality and increases with increasing 

temperature. Therefore, a ceramics material composed entirely of c-ZrO2 has poor thermal 

shock resistance properties. Comparatively, the thermal expansion coefficient of m-ZrO2 is 

small, with significant anisotropy. This anisotropic thermal expansion of the pure monoclinic 

phase has an advantage: the thermal shock resistance properties and toughness performance of 

the material can be improved by controlling the anisotropy. Therefore, the thermal expansion 

coefficient of PSZ ceramics is between those of m-ZrO2 and t-ZrO2, suggesting that the 

thermal shock resistance of the synthesized CaO-PSZ ceramics is better than that of the fused 

ZrO2 ceramics. In addition, the stability of ceramics to a thermal shock is influenced by the 

composition content of the monoclinic phase in the ZrO2 material [44], as illustrated in 

Supplementary data. The stability of the for PSZ ceramics material to thermal shock increases 

with the increase in the m-ZrO2 content; however, when the content exceeds 30%, the thermal 

stability presents a sharp decreasing trend. Therefore, from the above analysis, it can be 



concluded that the synthesized microwave sintering product, namely, CaO-PSZ ceramics, 

present superior thermal stability performance than the original fused ZrO2. 

3.3.2 SEM characterization 

Fig. 8 exhibits the SEM images of the fused ZrO2 and the microwave sintered products, 

wherein Figs. 8(a)-(c) display the microstructure performance of the fused zirconia, and Figs. 

8(d)-(f) display the microstructure performance of the microwave-sintered CaO-PSZ ceramics 

at 1450 °C for 2.0 h. 

Regarding the microstructure performance of the fused ZrO2, it is noticed from Figs. 8(a) 

and (c) that the grain boundaries have similar angles of 120° for the intersection points, 

suggesting that only the c-ZrO2 phase exists in the fused ZrO2 with a fluorite structure. These 

results are consistent with the findings from Fig. 1. Simultaneously, the surface of the fused 

ZrO2 has a few cracks, holes, and pits, and is overlapped scaly, as depicted in Fig. 8(b). 

Additionally, regarding the microstructure performance of the microwave-sintered 

products, few cracks are observed from Figs. 8(d)-(f). On the surface of the synthesized CaO–

PSZ samples, dense structures appear. Concurrently, at the boundary of the crystal phase, 

acicular crystals and fine particles are observed to aggregate, which is ascribed to the 

precipitation behavior of the CaO stabilizer. Further, it is observed that the complete cubic 

ZrO2 phase in the fused ZrO2 disappears and is transformed into a mixed-phase structure in 

the sintered products, which demonstrates the successful preparation of the CaO-PSZ 

ceramics [10]. 

3.3.3 EDAX characterization 

Fig. 9(a) illustrates the SEM images of the products prepared at 1450 °C for 2.0 h by 



microwave sintering. Figs. 9(b)-(d) present the EDAX spectra of spot 1, spot 3, and spot 5 in 

Fig. 9(a), respectively. 

As depicted in Fig. 9(a), contrary to spot 1 and spot 3, spot 5 is absent in the crystal 

boundary. Thus, the result of the elemental semi-quantitative analysis at spot 5 is significantly 

different from that at spot 1 and spot 3. It is noticed that 12.48% CaO and 42.76% ZrO2 are 

found at spot 1, 6.35% CaO and 62.79% ZrO2 are found at spot 3, and 3.10% CaO and 71.50% 

ZrO2 are found at spot 3. Clearly, the content of CaO at spot 5 is less than that at spot 1 and 

spot 3. Contrarily, the ZrO2 content at spot 5 is comparatively higher. 

Additionally, the precipitation phenomenon of the CaO stabilizer at the crystal boundary 

is verified by the differences in the elemental composition distributions at the selected spots. 

At spot 1 and spot 3, the CaO contents are higher compared to that at spot 5, which is not 

located at the crystal boundary. Moreover, the CaO stabilizer precipitates at the crystal 

boundary, exhibiting the successful preparation of the CaO-PSZ ceramics. The above results 

are consistent with the findings of the EDAX and SEM analyses. 

 

4 Conclusions 

In this study, CaO-stabilized ZrO2 ceramics were efficiently synthesized from fused 

ZrO2 by one-step microwave sintering at 1450 °C for 2 h. The results indicated that in a 

microwave field, the duration and the sintering temperature presented similar influence trends 

on the stability properties of the synthesized CaO-PSZ samples, as shown by the stability rate 

conversely decreasing with the sintering temperature and the duration. The XRD analysis 

indicated that after the microwave sintering of the fused ZrO2 at 1450 °C for 4 h, a mixed 



phase composed of c-ZrO2 and m-ZrO2 was formed in the sintering products, replacing the 

complete c-ZrO2. This demonstrated the formation of the CaO-PSZ ceramics, resulting from 

the unique martensitic conversion characteristics of ZrO2. The results of the SEM and EDAX 

analyses presented the precipitation phenomenon of the CaO stabilizer. It was noticed that 

acicular crystals and round particles aggregated at the crystal boundary. The results presented 

in this paper confirm microwave sintering as an effective technique for the synthesis of 

CaO-PSZ ceramics from fused ZrO2. 
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Table captions 

Table 1 Chemical composition of the fused zirconia raw material. 

  



Figure captions 

Fig. 1 XRD pattern of the fused zirconia raw material. 

Fig. 2 Schematic of the microwave vacuum sintering furnace. 

Fig. 3 XRD patterns of the zirconia material sintered at different temperatures. 

Fig. 4 Effect of the sintering temperature on the zirconia stability rate. 

Fig. 5 XRD patterns of the zirconia material sintered at 1450 °C with different durations. 

Fig. 6 Effect of the duration on the zirconia stability rate. 

Fig. 7 XRD pattern of the zirconia material sintered at 1450 °C for 2 h. 

Fig. 8 SEM images of the zirconia material before and after the microwave sintering; (a) raw 

material, 200×; (b) 500×; (c) 1000×; (d) sintered sample, 2000×; (e) 5000×; (f) 5000×. 

Fig. 9 SEM image and EDAX spectra of the zirconia material sintered at 1450 °C for 2 h, (a) 

SEM image; (b) EDAX of spot 1; (c) EDAX of spot 3; (c) EDAX of spot 5. 

  



Table 1 Chemical composition of the 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 

 

  



20 30 40 50 60 70

0

3000

6000

9000  c - (c-ZrO2) 

c

c

 

In
te

ns
ity

 (
a

.u
.)

2-Theta (deg.)

c

c

c

 

Fig. 1 XRD pattern of the fused zirconia raw material. 

  



 

Fig. 2 Schematic of the microwave vacuum sintering furnace. 
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Fig. 3 XRD patterns of the zirconia material sintered at different temperatures. 
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Fig. 4 Effects of the sintering temperature on the zirconia stability rate. 
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Fig. 5 XRD patterns of the zirconia material sintered at 1450 °C with different durations. 
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Fig. 6 Effects of the duration on the zirconia stability rate. 
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Fig. 7 XRD pattern of the zirconia material sintered at 1450 °C for 2 h. 

  



 

  (a)                       (b)                      (c) 

 

(d)                       (e)                      (f) 

Fig. 8 SEM images of the zirconia material before and after microwave sintering; (a) raw 

material, 200×; (b) 500×; (c) 1000×; (d) sintered sample, 2000×; (e) 5000×; (f) 5000×. 

  



 

    

(a)                               (b) 

    

(c)                               (d) 

Fig. 9 SEM image and EDAX spectra of the zirconia material sintered at 1450 °C for 2 h, (a) 

SEM image; (b) EDAX of spot 1; (c) EDAX of spot 3; (c) EDAX of spot 5. 
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