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Abstract:
Partially stabilized zirconia (PSZ) occupies an important application portion in ceramics
materials and refractories materials. In this work, calcium oxide-partially stabilized zirconia
(CaO-PSZ) ceramics were prepared from fused zirconia by microwave sintering, with its

microstructure and stability properties characterized by XRD and SEM. Results indicated that
the heating rate, cooling rate, quenching temperature and isothermal treatment time rendered
different influence on the stability properties, which was mainly ascribed to the reversible
martensitic transformation of zirconia ceramics. Additionally, a mixed-phase composed by
cubic phase ZrO2 (c-ZrO2) and monoclinic phase ZrO2 (m-ZrO2) appeared after fused zirconia
treated by microwave sintering at 1450 °C for 2 h, indicating the formation of CaO-PSZ
ceramics, which the finding was consistent with the SEM and EDAX analysis. Meanwhile,
CaO stabilizer precipitated behavior at the crystal boundary, with the formation of acicular
grains and fine particles, further rendering a toughening effect to CaO-PSZ ceramics. This
work can provide important theoretical and practical significance for applications of
microwave sintering to prepare CaO-PSZ ceramics material, even extending further
applications in functional materials and structural materials.
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1 Introduction
Zirconia (ZrO2) has outstood in the fields of advanced ceramics materials, such as
bio-ceramics, electronic ceramics, functional ceramics and structural ceramics [1-3],
attributed to its outstanding functional properties, including high melting point, strong
corrosion resistance and high-temperature resistance, high chemical inertness and low thermal
conductivity [4-5]. Additionally, it has widespreadly applied in high-temperature insulation
materials, high-temperature refractory materials, and abrasive materials [6-8]. However, in the
preparation process of zirconia ceramics materials, a large volume effect occurs with

temperature rising or falling, accompanied with the internal stress accumulated and the
defects formed, generating the fatal influence on the thermomechanical properties of zirconia
ceramics and further severely limiting the further applications in functional materials and
structural materials [9, 10].
Zirconia (ZrO2) endows the unique martensitic transformation characteristic,
representing by the three crystal phases undergo these reversible phase changes with
temperature changes: m-ZrO2 ↔ t-ZrO2 ↔ c-ZrO2 [11,12], wherein the monoclinic phase
(m-ZrO2) is converted to tetragonal phase (t-ZrO2) at 1173 °C, with the reversible
transformation phase transition occurred at 1000 °C, and tetragonal phase (t-ZrO2) is
converted into cubic phase (c-ZrO2) at 2370 °C [13]. The fine precipitates of monoclinic
zirconia in a stable cubic matrix in partially stabilized zirconia (PSZ) greatly improved the
toughness and thermal shock resistance properties of ceramic materials and refractory
materials, discovered by Garvie et al. [14], which the discovery significantly promoted the
expansion of the applications of zirconia materials. Currently, partially stabilized zirconia
(PSZ) ceramics is mainly manufactured by doping with metal oxides into fused zirconia, such
as CaO [15], MgO [16], Al2O3 [17], Bi2O3 [18], CeO2 [19], and Y2O3 [20]. Through doping
treatment, a cation in the metal oxides with a larger radius than Zr4+ cation is introduced to
replace the position of Zr4+ ion, thus rendering the formation of the stable replacement solid
solution [21, 22], further to achieve the toughening effect for zirconia ceramics materials by
the stable phase structure preserved at room temperature [23, 24]. Garvie et al. have reported
the successful preparation of the calcium-doped partially stabilized zirconia (CaO-PSZ)
ceramics at 1750 °C for 5 h in a conventional furnace [22]. Apparently, during the

conventional preparation process, the roasting temperature was high and the working time
was long, even with the low controllability of product quality, rendering the industrial
production of partially stabilized zirconia (PSZ) ceramics materials was blocked. Therefore, it
is increasingly urgent to develop new preparation processes for partially stabilized zirconia
(PSZ) ceramics, aiming to overcome the technical problems.
The flexible applications of microwave heating instead of conventional heating have
been reported continuously, in the fields of material preparation, chemical synthesis, and
mineral processing, etc. [25-27], attributed to its unique heating characteristics, including
selective heating, volumetric heating, clean production and pollution-free, operation timely
and responsive [28-30]. Guo et al. reported the fused zirconia endowed excellent
microwave-absorbing properties, taking within 5 min to be heated to 1500 °C [31];

meanwhile, the further study indicated the partially stabilized zirconia (PSZ) ceramics could
be prepared from fused zirconia by microwave sintering at 1450 °C for 4 h, and the crystal

form and stability of zirconia could be controlled, achieving the rapid, efficient,
energy-saving and environmentally friendly production processes [32]. Zhang et al.
utilized microwave sintering to efficiently prepare the CaO-doped PSZ ceramics material, at
a lower temperature of 950 °C even with holding time less than 4 h [33]. Mazaheri et al.

utilized the conventional sintering and microwave sintering to process nanocrystalline
yttria-stabilized zirconia, and the results indicated the microwave-treated samples had the
very fine grain sizes and macroscopic mechanical properties, exhibiting better microstructure
uniformity [34]. Thridandapani et al. reported a reduction of 300 °C in temperature for full
densification of 8 mol% yttria–zirconia (8YZ) was achieved by direct microwave sintering

compared with conventional sintering, and even 100 °C lower than microwave-hybrid
sintering with no difference in resulting properties [35]. Microwave heating directly delivery
the required energy to reaction atoms to form the unique mechanism of microwave heating,
instead of the conventional heating through heat transfer process from the surface to inside
[36-38], changing the gradient direction of some migration potentials during the conventional
heating process, achieving the volumetric heating of the sample with a fast heating rate and
uniform heating, further to cause the formation of a microscopic structure with small particle
size and uniform distribution [39-40], rendering the excellent effects for zirconia ceramics
materials by microwave sintering.
In this work, calcium oxide-partially stabilized zirconia (CaO-PSZ) ceramics was
prepared from fused zirconia by microwave sintering to replace conventional sintering.
Meanwhile, the effects of heating rate, cooling rate, quenching temperature and isothermal
treatment time on stability properties of the prepared CaO-PSZ ceramics samples were
investigated. Moreover, the phase transformation and microstructure properties of fused
zirconia and the prepared CaO-PSZ ceramics samples by microwave sintering were
comparatively analyzed by XRD, SEM and EDAX.

2 Materials and methods
2.1 Materials
The fused zirconia was utilized as the raw material to synthesize partially stabilized
zirconia (PSZ) ceramics; and the fused zirconia material is categorized as the full stabilized
zirconia (FSZ) ceramics, received from a factory in Yingkou City (Liaoning Province, P.R.

China). The component analysis results of fused zirconia were as follows (%/(w/w): ZrO2,
95.1; CaO, 3.8; SiO2, 0.4; Al2O3, 0.3; TiO2, 0.2; Fe2O3, 0.1, respectively. Based on the
component analysis, it can be concluded that the fused zirconia was mainly composed by 95.1%
of ZrO2 and 3.8% of CaO stabilizer, accompanied by some low-content gangue and metal
oxides.
The phase structure of fused zirconia was determined by XRD characterization, and the
pattern was plotted in Fig. 1. As shown in Fig. 1, only cubic phase zirconia (c-ZrO2, JCPDS:
49-1642) existed in the fused zirconia, verifying the fused zirconia belonged to full stabilized
zirconia (FSZ). Meanwhile, combining with the component analysis and XRD
characterization, wherein the component analysis indicated CaO stabilizer existed in fused
zirconia, while the diffraction peaks of calcium oxide (CaO) were not detected by XRD;
therefore, it can be concluded that CaO stabilizer completely dissolved in the fused zirconia to
form a solid solution.
2.2 Characterization
The characterized zirconia ceramics samples included the fused zirconia raw material
and the CaO-PSZ ceramics prepared by microwave sintering. Wherein the crystal structures
of zirconia samples were characterized by X-ray diffraction (D/Max 2500, Rigaku, Japan)
with CuKα Radiation analysis, and the stability properties of zirconia samples were analyzed
based on the corresponded XRD patterns; additionally, the microscopic appearance of
zirconia samples were performed using Scanning electron microscopy (XL30ESEM-TMP,
Philips, Holland). Meanwhile, the attached Energy dispersion scanner spectrometer (EDAX)
was utilized to determine the elemental semi-quantitative analysis of zirconia samples.

2.3 Instrumentation
The sintering preparation experiments for CaO-doped partially stabilized zirconia
(CaO-PSZ) ceramics were performed in a box-type microwave high temperature furnace
(HM-X08-16). The schematic diagram of microwave high temperature furnace was illustrated
in Fig. 2. As presented in Fig. 2, the microwave furnace mainly consisted of microwave
reactor, vacuum pump, infrared thermocouple, rotation, motor, insulating brick, a computer
control system, a weight measurement system, barometer, rotameter, flowmeter and gas
generator. The protective gas was injected into the reactor cavity based on the experimental
need. The temperature was measured by an infrared thermocouple (Marathon Series, Raytek,
USA), with a maximum service temperature of 1600 °C. Microwave power with a continuous
controllable regime of 0-3 kW was supplied by two magnetrons at 2.45 GHz microwave
frequency for different experimental demand.
2.4 Procedure
Fused zirconia raw material was crushed to powder with a particle size of 10-20 mm, and
then 100.0 g of the ground fused zirconia was weighed by an electronic balance (Tricle-QD-1)
and introduced into a ceramic crucible and sintered by the box-type microwave high
temperature furnace (HM-X08-16). During the preparation process of partially stabilized
zirconia (PSZ), the controlled variables included sintering temperature, duration time, heating
rate, cooling rate, quenching temperature, and isothermal treatment time, etc. Wherein the
sintering temperature was 1450 °C with a duration time of 2 h; the heating rate was controlled
at the regime of 100 °C/min to 450 °C/min, and the cooling rate ranged from 1 °C/min to
400 °C/min; the quenching temperature ranged from 25 °C to 1450 °C, and the isothermal

treatment time was adjusted at the regime of 0-5 h. After attaining the specific process
parameters, the CaO-PSZ ceramics samples were cooled with the microwave furnace and
removed out to conduct characterization analysis, further to investigate the influence of
microwave sintering on the stability properties and phase structures of CaO-PSZ ceramics.

3 Results and discussion
3.1 Stability properties analysis by XRD characterization
The stability properties of zirconia ceramics materials are usually measured by the
stability rate, and the stability rate is defined as Eq. (1) [41, 42]:
Stability rate =

Intensity of 29.92°
× 100%
Intensity of 28.06° + Intensity of 31.24° + Intensity of 29.92°

(1)

Where Intensity of 28.06° and Intensity of 31.24° indicate the peak intensities of monoclinic
phase zirconia (m-ZrO2); Intensity of 29.92° denotes the peak intensity of cubic phase
zirconia (c-ZrO2).
Based on the XRD patterns, the stability rate can be calculated by Eq. (1). Consequently,
effects of experimental variable factors on the phase structures and stability properties of the
CaO-PSZ ceramics were systematically investigated, including heating rate, cooling rate,
quenching temperature, and isothermal treatment time, further to determine the optimum
preparation process parameters for CaO-PSZ ceramics by microwave sintering.
3.1.1 Effect of heating rate on stability rate
The effects of heating rate on the phase structures of the CaO-PSZ ceramics samples
were shown in Fig. 3, obtained at controlling the maximum temperature at 1450 °C with the
heating rate regime of 100 °C/min to 450 °C/min, the holding time of 2 h, the cooling rate of

4 °C/min and quenching treatment at 950 °C. As observed from Fig. 3, as the heating rate
increased from 100 °C/min to 450 °C/min, the heating rate showed little effect on the phase
structure of CaO-PSZ ceramics, similarly with the same mixed phase structure composed by
cubic phase zirconia (c-ZrO2) and monoclinic phase zirconia (m-ZrO2), indicating the
formation of CaO-PSZ ceramics; and the intensity of each diffraction peak was relatively
unchanged, including the diffraction peak of cubic phase zirconia (c-ZrO2) at 29.92° and the
diffraction peaks of monoclinic phase zirconia (m-ZrO2) at 28.06° and 31.24°. Moreover,
compared with the XRD pattern of fused zirconia (Fig. 1), the new phase, monoclinic phase
zirconia (m-ZrO2) appeared in the CaO-PSZ ceramics samples, which was attributed to the
reversible martensitic transformation of zirconia [11,12]. Wherein pure zirconia maintains the
monoclinic phase (m-ZrO2) at room temperature, while it will be transformed into tetragonal
phase zirconia (t-ZrO2) at temperatures higher than 1173 °C, and transformed into cubic phase
zirconia (c-ZrO2) at 2370 °C and becomes a liquid phase at 2690 °C [13]. The reversible
martensitic transformation of zirconia material is mainly related to the phase conversion
temperature, hence showing the little relationship with the heating rate. Therefore, at the
temperature regime of 1450 °C to 950 °C, the conversion of cubic phase zirconia (c-ZrO2) to
tetragonal phase zirconia (t-ZrO2) and the conversion of tetragonal phase zirconia (t-ZrO2) to
monoclinic phase zirconia (m-ZrO2) occurred, rendering that the cubic phase zirconia (c-ZrO2)
was partially converted into monoclinic phase zirconia (m-ZrO2).
Based on the XRD pattern plotted in Fig. 3, the effects of heating rate on the stability rate
were determined in Fig. 4. As seen from Fig. 4, the high heating rates rendered the small
influence on the fluctuation of the stability rate, with 70.7% at 100 °C/min slowly improved

to 71.2% at 250 °C/min and 71.3% at 450 °C/min, which the results were consistent with
findings obtained from the XRD pattern (Fig. 3). Therefore, it can be considered that the
heating rate had little influence on the stability properties of the CaO-PSZ ceramics, and a
higher heating rate can be selected to reduce the preparation time by microwave sintering.
3.1.2 Effect of cooling rate on stability rate
The effects of cooling rate on the phase structures of the CaO-PSZ ceramics samples
were presented in Fig. 5, obtained at controlling the maximum temperature at 1450 °C with
the heating rate of 4 °C/min, the holding time of 2 h, and quenching treatment at 950 °C with
the cooling rate regime of 1 °C/min to 400 °C/min. As observed from Fig. 5, as the cooling
rate increased from 2 °C/min to 8 °C/min, the intensity of the diffraction peak of cubic phase
zirconia (c-ZrO2) at 29.92° increased sharply, and the intensities of the diffraction peaks of
monoclinic phase zirconia (m-ZrO2) at 28.06° and 31.24° also increased; while increased
from 8 °C/min to 20 °C/min even increased to 400 °C/min, the intensity of the diffraction
peak of cubic phase zirconia (c-ZrO2) at 29.92° still maintained a substantial increase, but the
intensities of the diffraction peaks of monoclinic phase zirconia (m-ZrO2) at 28.06° and 31.24°
decreased. The change of the phase structure of the CaO-PSZ ceramics samples indicated the
cooling rate rendered the significant influence on the phase structure of the CaO-PSZ
ceramics samples, and increasing cooling rate improved the transformation rate of the
conversion of tetragonal phase zirconia (t-ZrO2) to monoclinic phase zirconia (m-ZrO2),
which was ascribed to that during the cooling process, with temperature decreased from
1450 °C to 1173 °C, a faster cooling rate naturally implicated a greater internal motivation to
the phase conversion of tetragonal phase zirconia (t-ZrO2) to monoclinic phase zirconia

(m-ZrO2) [13]; meanwhile, the optimal cooling rate would be between 8 °C/min and
20 °C/min.
Based on the XRD pattern plotted in Fig. 5, the effects of cooling rate on the stability
rate were determined in Fig. 6. As observed from Fig. 6, the stability rate improved with the
cooling rate increasing, with 41.7% with a cooling rate of 1 °C/min improved to 90.8% with a
cooling rate of 20 °C/min; exceeding 20 °C/min, the change trend of the stability rate with
cooling rate gradually became slower and tended to be balanced, with 92.9% at a cooling rate
of 40 °C/min slowly increased to 96.5% at a cooling rate of 400 °C/min, indicating decreasing
the cooling rate was beneficial for the crystal conversion of cubic phase zirconia (c-ZrO2) to
monoclinic phase zirconia (m-ZrO2). Therefore, it is necessary to cool with a slow cooling
rate in order to obtain a lower stability rate, referring to the more formation of partially
stabilized zirconia (PSZ). The slower cooling rate caused the lower stability properties,
rendering the more the monoclinic phase zirconia (m-ZrO2) be formed.
3.1.3 Effect of quenching temperature on stability rate
The effects of quenching temperature on the phase structures of the CaO-PSZ ceramics
samples were illustrated in Fig. 7, obtained at controlling the maximum temperature at
1450 °C with the heating rate of 400 °C/min, the holding time of 2 h, and cooled with the
cooling rate of 4 °C/min to different quenching temperature treatment, ranging from 1400 °C
to 25 °C. As observed from Fig. 7, with the quenching temperature decreased from 1450 °C to
950 °C, the intensity of the diffraction peak of cubic phase zirconia (c-ZrO2) at 29.92°
presented a decreasing trend, and the intensity of the diffraction peaks of monoclinic phase
zirconia (m-ZrO2) at 28.06° and 31.24° increased continuously, indicating the continuous

completion of the phase conversion, including the cubic phase zirconia (c-ZrO2) to tetragonal
phase zirconia (t-ZrO2) and the tetragonal phase zirconia (t-ZrO2) to monoclinic phase
zirconia (m-ZrO2); while temperatures lower than 950 °C, the intensities of the diffraction
peaks of zirconia phases were unchanged, presenting little effect on the phase structures of
CaO-PSZ samples. Therefore, it can be concluded that the optimal quenching temperature can
be chosen at 950 °C. The conversion temperature of tetragonal phase zirconia (t-ZrO2) to
monoclinic phase zirconia (m-ZrO2) occurs at 1173 °C [13]; and with temperature decreasing,
the phase conversions continuously completed, including the cubic phase zirconia (c-ZrO2) to
tetragonal phase zirconia (t-ZrO2) and the tetragonal phase zirconia (t-ZrO2) to monoclinic
phase zirconia (m-ZrO2), rendering the continue conversion of cubic phase zirconia (c-ZrO2)
and the formation of monoclinic phase zirconia (m-ZrO2), further representing by the increase
of the intensity of monoclinic phase zirconia (m-ZrO2) diffraction peaks and the decrease of
the intensity of cubic phase zirconia (c-ZrO2) diffraction peak.
Based on the XRD pattern plotted in Fig. 7, the effects of quenching temperature on the
stability rate were plotted in Fig. 8. As observed from Fig. 8, at the early stage of the decrease
process of quenching temperature, the stability rate of the CaO-PSZ samples presented a
decreasing trend, and this trend was more obvious in the high-temperature zone, with 97.4%
at 1450 °C reduced to 71.2% at 950 °C; as the temperature continuously decreased to lower
than 950 °C, the change of the stability of zirconia tended to be gentle, and the stability rate of
zirconia samples did not change substantially and tended to balance with the temperature
further decreased, with 71.2% at 950 °C changed to 70.2% at 25 °C. The phenomenon
indicated that during the cooling process, the lower the quenching temperature, the more

difficult the phase transition occurred; meanwhile, it can be speculated that the sufficient low
temperature will inhibit the phase transition in zirconia samples. Moreover, the optimal
quenching temperature can be chosen at 950 °C, which was consistent with the finding
obtained from Fig. 7.
3.1.4 Effect of isothermal treatment time on stability rate
The effects of isothermal treatment time on the phase structures of the CaO-PSZ
ceramics samples were displayed in Fig. 9, obtained at controlling the maximum temperature
at 1450 °C with the heating rate of 400 °C/min, the holding time of 2 h, followed by cooled to
a specific temperature and kept warm with holding time ranging from 0 h to 5 h, finally with
quenching treatment. As observed from Fig. 9(a), during the cooling process, the isothermal
treatment time at 1300 °C had little influence on the phase structures, representing by the
intensity of diffraction peak of cubic phase zirconia at 29.92° and monoclinic zirconia phase
at 28.06° and 31.24° unchanged. Moreover, the same findings were obtained from Fig. 9(b)
and Fig. 9(c), the isothermal treatment time at 1100 °C and 900 °C also presented little
influence on the phase structures. Therefore, it can be concluded that during the cooling
process, the isothermal treatment time at a certain temperature rendered little influence on the
phase structures of the CaO-PSZ ceramics. The reversible martensitic transformation of
zirconia material is mainly influenced by the phase conversion temperatures, without
connection with the isothermal treatment time.
Based on the XRD pattern shown in Fig. 9, the effects of isothermal treatment time on
the stability rate were presented in Fig. 10. As observed from Fig. 10, at a quenching
temperature of 1300 °C, the stability rate decreased from 90.6% without isothermal treatment

to 88.4% with 5 h; at 1100 °C, the stability rate decreased from 79.1% without isothermal
treatment to 78.3% with 5 h; at 900 °C, the stability rate decreased from70.7% without
isothermal treatment to 69.8% with 5 h. During the cooling process, after temperature
decreased to a certain point, conducting the isothermal ageing treatment cannot render the
significant contribution to the increase of the monoclinic phase zirconia (m-ZrO2); conversely,
the changing trend of the stability rate reached balanced. Therefore, the isothermal ageing
treatment conducted in the cooling process cannot promote the phase transformation of
zirconia samples, further to reduce the stability properties of the CaO-PSZ ceramics.
3.2 Characterization by SEM
SEM patterns of zirconia material before and after microwave sintering were illustrated
in Fig. 11, wherein the SEM patterns of the zirconia sample before sintering were presented in
Fig. 11(a)-(c), the SEM patterns of the prepared CaO-PSZ ceramics sintered at 1450 °C for
2.0 h were displayed in Fig. 11(d)-(f).
For the fused zirconia raw material, as observed from Fig. 11(a)-(b), the grain boundaries
were regular and distinct, and the angles for the boundary intersection points were almost
balanced at 120°, indicating that the raw material was mainly composed by cubic phase
zirconia (c-ZrO2) with fluorite structure, which the result was consistent with finding obtained
from Fig. 1. Meanwhile, as seen from Fig. 11(c), the surface of fused zirconia raw material
was filled with scaly, which were overlapped together, without fatal crystal structure defects
observed, such as cracks, holes and pits.
In addition, for the prepared CaO-PSZ ceramic samples, as displayed in Fig. 11(d)-(f),
the more dense structure with no cracks appeared on the whole surface, and the acicular

patterns of grains and fine round particles gathered at the crystal boundary (Fig. 11(d)-(e)).
Wherein the aggregation phenomenon of acicular grains and fine particles at the grain
boundary was attributed to that the precipitation behavior of the CaO stabilizer. Moreover,
compared with Fig. 11(b) and Fig. 11(e), the complete cubic-phase zirconia was observed to
disappear and changed to a mixed-phase structure, indicating the formation of the CaO-PSZ
ceramics.
3.3 Characterization by EDAX
The SEM pattern and EDAX spectra of the CaO-PSZ ceramics sample prepared at
1450 °C for 2 h by microwave sintering were displayed in Fig. 12, wherein Fig. 12(a)
illustrated the microscopic appearance, Fig. 12(b)-(d) displayed the elemental
semi-quantitative analysis of spot 2, spot 4, and spot 5, respectively. As observed from Fig.
12(a), spot 2 was located at the grain boundary, and the locations of spot 4 and spot 5 were
different with spot 2; hence, there existed obvious difference for the elemental compositions
with spot 2 compared to spot 4 and spot 5. Wherein spot 2 was determined with the 12.81% of
CaO content and 18.67% of ZrO2 content, while spot 4 was characterized by the 3.06% of
CaO content and 68.45% of ZrO2 content, and spot 5 was characterized by the 3.10% of CaO
content and 71.50% of ZrO2 content. Obviously, the CaO content at spot 2 with 12.81% was
much higher than that at spot 4 and spot 5, with 3.06% at spot 4 and 3.10% at spot 5,
respectively; meanwhile, the ZrO2 content at spot 2 with 18.67% was much lower than that at
spot 4 and spot 5, with 68.45% at spot 4 and 71.50% at spot 5, respectively, which the great
difference for elemental composition distribution clearly verified the precipitation behavior of
the CaO stabilizer at the grain boundary, further signifying the formation of the CaO-PSZ

ceramics. Moreover, the findings obtained from the EDAX analysis were consistent with the
SEM analysis.

4 Conclusions
In this work, the microstructure and stability properties of calcium oxide-partially
stabilized zirconia (CaO-PSZ) ceramics were systematically studied, with fused zirconia as
raw material prepared by microwave sintering. Results indicated that during the sintering
preparation process, the intensity of the diffraction peak of cubic phase zirconia (c-ZrO2) at
29.92° decreased, and the intensity of the diffraction peaks of monoclinic phase zirconia
(m-ZrO2) at 28.06° and 31.24° increased, which was ascribed to the reversible martensitic
transformation of zirconia. Meanwhile, the influence of various factors on zirconia stability
properties presented great difference, representing by the stability rate synchronously
improved with the increase of heating rate, cooling rate and quenching temperature, while
without significant connection with isothermal treatment time. Moreover, SEM and EDAX
characterization signified the precipitation behavior of CaO stabilizer at the crystal boundary,
with the acicular grains and fine particles formed, indicating the formation of CaO-PSZ
ceramics. The work highlights the effective synthesis of CaO-PSZ ceramics from fused
zirconia by microwave sintering, even extending to other advanced ceramics materials and
refractory materials.
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Figure captions
Fig. 1 XRD pattern of fused zirconia raw material.
Fig. 2 Schematic diagram of microwave high temperature furnace.
Fig. 3 XRD patterns of zirconia material treated with different heating rates.
Fig. 4 Effects of heating rate on stability rate.
Fig. 5 XRD patterns of zirconia material treated with different cooling rates.
Fig. 6 Effects of cooling rate on stability rate.
Fig. 7 XRD patterns of zirconia material treated at different quenching temperatures.
Fig. 8 Effects of quenching temperature on stability rate.
Fig. 9 XRD patterns of zirconia material treated with different isothermal treatment times, (a)
1300 °C; (b) 1100 °C; (c) 900 °C.
Fig. 10 Effects of isothermal treatment time on stability rate, (a) 1300 °C; (b) 1100 °C; (c)
900 °C.
Fig. 11 SEM patterns of zirconia material before and after microwave sintering; (a) raw
material, 100×; (b) 200×; (c) 200×; (d) sintered sample, 1000×; (e) 5000×; (f) 5000×.
Fig. 12 SEM pattern and EDAX spectra of zirconia material sintered at 1450 °C for 2 h, (a)
SEM pattern; (b) EDAX of spot 2; (c) EDAX of spot 4; (c) EDAX of spot 5.
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Fig. 3 XRD patterns of zirconia material treated with different heating rates.
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Fig. 7 XRD patterns of zirconia material treated at different quenching temperatures.
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Fig. 9 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. 11 SEM patterns of zirconia material before and after microwave sintering; (a) raw
material, 100×; (b) 200×; (c) 200×; (d) sintered sample, 1000×; (e) 5000×; (f) 5000×.
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Fig. 12 SEM pattern and EDAX spectra of zirconia material sintered at 1450 °C for 2.0 h, (a)
SEM pattern; (b) EDAX of spot 2; (c) EDAX of spot 4; (c) EDAX of spot 5.
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