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Abstract:
Partially stabilized zirconia (PSZ) occupies an amant application portion in ceramics
materials and refractories materials. In this wagdcium oxide-partially stabilized zirconia

(Ca0-PSZ) ceramics were prepared from fused ziecbyimicrowave sintering, with its



microstructure and stability properties charactatiby XRD and SEM. Results indicated that
the heating rate, cooling rate, quenching tempegatnd isothermal treatment time rendered
different influence on the stability properties,iethwas mainly ascribed to the reversible
martensitic transformation of zirconia ceramicsdaidnally, a mixed-phase composed by
cubic phase Zre)c-Zr0G,) and monoclinic phase Zsg@m-ZrO,) appeared after fused zirconia
treated by microwave sintering at 1450 °C for thidjcating the formation of CaO-PSZ
ceramics, which the finding was consistent with$&M and EDAX analysis. Meanwhile,
CaO stabilizer precipitated behavior at the crystalndary, with the formation of acicular
grains and fine particles, further rendering a tmrgng effect to CaO-PSZ ceramics. This
work can provide important theoretical and prattsgnificance for applications of
microwave sintering to prepare CaO-PSZ ceramicemadteven extending further
applications in functional materials and structunalterials.

Keywords. CaO-PSZ ceramics; fused zirconia; microwave singgrstructure

1 Introduction

Zirconia (ZrQ) has outstood in the fields of advanced ceramigternals, such as
bio-ceramics, electronic ceramics, functional cecamand structural ceramics [1-3],
attributed to its outstanding functional propertiesluding high melting point, strong
corrosion resistance and high-temperature resistdmgh chemical inertness and low thermal
conductivity [4-5]. Additionally, it has widesprelgidapplied in high-temperature insulation
materials, high-temperature refractory materiatsl abrasive materials [6-8]. However, in the

preparation process of zirconia ceramics matealarge volume effect occurs with



temperature rising or falling, accompanied with ititernal stress accumulated and the
defects formed, generating the fatal influencehenthermomechanical properties of zirconia
ceramics and further severely limiting the furthpplications in functional materials and
structural materials [9, 10].

Zirconia (ZrQ) endows the unique martensitic transformation attaristic,
representing by the three crystal phases undegge tteversible phase changes with
temperature changes: m-Zro t-ZrO, « ¢-Zr0,[11,12], wherein the monoclinic phase
(m-ZrQ,) is converted to tetragonal phase (t-2r& 1173 °C, with the reversible
transformation phase transition occurred at 100(af@d tetragonal phase (t-Z)0s
converted into cubic phase (c-Z)@t 2370 °C [13]. The fine precipitates of monoidi
zirconia in a stable cubic matrix in partially steted zirconia (PSZ) greatly improved the
toughness and thermal shock resistance propeft@samic materials and refractory
materials, discovered by Garvie et al. [14], whith discovery significantly promoted the
expansion of the applications of zirconia materi@lgrrently, partially stabilized zirconia
(PSZ) ceramics is mainly manufactured by dopindnwnetal oxides into fused zirconia, such
as CaO [15], MgO [16], AD3 [17], Bi20s[18], CeQ: [19], and %03 [20]. Through doping
treatment, a cation in the metal oxides with adargdius than Zf cation is introduced to
replace the position of Zrion, thus rendering the formation of the stablgaeement solid
solution [21, 22], further to achieve the toughgnéffect for zirconia ceramics materials by
the stable phase structure preserved at room tampe(23, 24]. Garvie et al. have reported
the successful preparation of the calcium-dopetighgrstabilized zirconia (CaO-PSZ)

ceramics at 1750 °C for 5 h in a conventional fuen@2]. Apparently, during the



conventional preparation process, the roasting éeatpre was high and the working time
was long, even with the low controllability of pract quality, rendering the industrial
production of partially stabilized zirconia (PS£&ramics materials was blocked. Therefore, it
is increasingly urgent to develop new preparatimt@sses for partially stabilized zirconia
(PSZ) ceramics, aiming to overcome the techniaatblems.

The flexible applications of microwave heating @&l of conventional heating have
been reported continuously, in the fields of malgsreparation, chemical synthesis, and
mineral processing, etc. [25-27], attributed taumsque heating characteristics, including
selective heating, volumetric heating, clean préidacand pollution-free, operation timely
and responsive [28-30kuo et al. reported the fused zirconia endowedllexdte
microwave-absorbing properties, taking within 5 rnarbe heated to 150C [31];
meanwhile, the further study indicated fatially stabilized zirconia (PSZ) ceramics could
be prepared from fused zirconia by microwave singeat 1450 °C for 4 hand the crystal
form and stability of zirconia could be controlledthieving the rapid, efficient,
energy-saving and environmentally friendly prodoietprocessel82]. Zhang et al.
utilized microwave sintering to efficiently prepahe CaO-doped PSZ ceramics material, at
a lower temperature of 950 °C even with holdingetiless than 4 h [33Mazaheri et al.
utilized the conventional sintering and microwave sintetmgrocess nanocrystalline
yttria-stabilized zirconia, and the results indechthe microwave-treated samples had the
very fine grain sizes and macroscopic mechanicggaties, exhibiting better microstructure
uniformity [34]. Thridandapani et al. reported duetion of 300 °C in temperature for full

densification of 8 mol% yttria—zirconia (8YZ) washeéeved by direct microwave sintering



compared with conventional sintering, and even XDM®mwer than microwave-hybrid
sintering with no difference in resulting propest{@5]. Microwave heating directly delivery
the required energy to reaction atoms to form thigue mechanism of microwave heating,
instead of the conventional heating through heaistier process from the surface to inside
[36-38], changing the gradient direction of somgnaiion potentials during the conventional
heating process, achieving the volumetric heatingesample with a fast heating rate and
uniform heating, further to cause the formatiom ohicroscopic structure with small particle
size and uniform distribution [39-40], rendering #xcellent effects for zirconia ceramics
materials by microwave sintering.

In this work, calcium oxide-partially stabilizedeonia (CaO-PSZ) ceramics was
prepared from fused zirconia by microwave sintetmgeplace conventional sintering.
Meanwhile, the effects of heating rate, coolin@ratuenching temperature and isothermal
treatment time on stability properties of the prepaCaO-PSZ ceramics samples were
investigated. Moreover, the phase transformati@hmarcrostructure properties of fused
zirconia and the prepared CaO-PSZ ceramics sarhplescrowave sintering were

comparatively analyzed by XRD, SEM and EDAX.

2 Materials and methods
2.1 Materials

The fused zirconia was utilized as the raw mateéoiaglynthesize partially stabilized
zirconia (PSZ) ceramics; and the fused zirconieennltis categorized as the full stabilized

zirconia (FSZ) ceramics, received from a factoryingkou City (Liaoning Province, P.R.



China). The component analysis results of fusezbria were as follows (%/(w/w): ZgO
95.1; CaO, 3.8; Sig0.4; ALO3, 0.3; TiG, 0.2; FeOs, 0.1, respectively. Based on the
component analysis, it can be concluded that teedzirconia was mainly composed by 95.1%
of ZrO, and 3.8% of CaO stabilizer, accompanied by somveclontent gangue and metal
oxides.

The phase structure of fused zirconia was detenriyeXRD characterization, and the
pattern was plotted in Fig. 1. As shown in Figodly cubic phase zirconia (c-ZgQJCPDS:
49-1642) existed in the fused zirconia, verifyihg fused zirconia belonged to full stabilized
zirconia (FSZ). Meanwhile, combining with the compat analysis and XRD
characterization, wherein the component analysiEated CaO stabilizexisted in fused
zirconia, while the diffraction peaks of calciumide (CaO) were not detected by XRD;
therefore, it can be concluded that CaO stabitipenpletely dissolved in the fused zirconia to
form a solid solution.

2.2 Characterization

The characterized zirconia ceramics samples inditigie fused zirconia raw material
and the CaO-PSZ ceramics prepared by microwaversigt Wherein the crystal structures
of zirconia samples were characterized by X-rafralition (D/Max 2500, Rigaku, Japan)
with CuKa Radiation analysis, and the stability propertiesi@onia samples were analyzed
based on the corresponded XRD patterns; additigrthlk microscopic appearance of
zirconia samples were performed using Scannindreleemicroscopy (XL30ESEM-TMP,
Philips, Holland). Meanwhile, the attached Energppdrsion scanner spectrometer (EDAX)

was utilized to determine the elemental semi-qtatnte analysis of zirconia samples.



2.3 Instrumentation

The sintering preparation experiments for CaO-dqutially stabilized zirconia
(Ca0O-PSZ) ceramics were performed in a box-typeowiave high temperature furnace
(HM-X08-16). The schematic diagram of microwavethigmperature furnace was illustrated
in Fig. 2. As presented in Fig. 2, the microwavefice mainly consisted of microwave
reactor, vacuum pump, infrared thermocouple, rotatmotor, insulating brick, a computer
control system, a weight measurement system, bdaeoymetameter, flowmeter and gas
generator. The protective gas was injected intaehetor cavity based on the experimental
need. The temperature was measured by an inflaeechdcouple (Marathon Series, Raytek,
USA), with a maximum service temperature of 1600NIi&rowave power with a continuous
controllable regime of 0-3 kW was supplied by twagnetrons at 2.45 GHz microwave
frequency for different experimental demand.
2.4 Procedure

Fused zirconia raw material was crushed to powdldr avparticle size of 10-20 mm, and
then 100.0 g of the ground fused zirconia was wazdhy an electronic balance (Tricle-QD-1)
and introduced into a ceramic crucible and sinténethe box-type microwave high
temperature furnace (HM-X08-16). During the preparaprocess of partially stabilized
zirconia (PSZ), the controlled variables includedesing temperature, duration time, heating
rate, cooling rate, quenching temperature, anthésotal treatment time, etc. Wherein the
sintering temperature was 1450 °C with a duratior of 2 h; the heating rate was controlled
at the regime of 100 °C/min to 450 °C/min, andcheling rate ranged from 1 °C/min to

400 °C/min; the quenching temperature ranged frérito 1450 °C, and the isothermal



treatment time was adjusted at the regime of OAfter attaining the specific process
parameters, the CaO-PSZ ceramics samples weredowitlethe microwave furnace and
removed out to conduct characterization analysishér to investigate the influence of

microwave sintering on the stability properties ghdse structures of CaO-PSZ ceramics.

3 Results and discussion
3.1 Stability properties analysis by XRD charact&tion

The stability properties of zirconia ceramics miadsrare usually measured by the
stability rate, and the stability rate is definexkg. (1)[41, 42]:

Stabili te — Intensity of 29.92° % 100% 1
ability rate = Intensity of 28.06° + Intensity of 31.24° + Intensity of 29.92° o (@)

Where Intensity of 28.06° and Intensity of 31.24dicate the peak intensities of monoclinic
phase zirconia (m-Zrf); Intensity of 29.92° denotes the peak intensitgubic phase
zirconia (c-ZrQ).

Based on the XRD patterns, the stability rate aandlculated by Eq. (1). Consequently,
effects of experimental variable factors on thegehstructures and stability properties of the
CaO-PSZ ceramics were systematically investigatetlyding heating rate, cooling rate,
guenching temperature, and isothermal treatmerst, tinmther to determine the optimum
preparation process parameters for CaO-PSZ cerdyicscrowave sintering.

3.1.1 Effect of heating rate on stability rate

The effects of heating rate on the phase structfrdge CaO-PSZ ceramics samples

were shown in Fig. 3, obtained at controlling theximum temperature at 1450 °C with the

heating rate regime of 100 °C/min to 450 °C/mir, liolding time of 2 h, the cooling rate of



4 °C/min and quenching treatment at 950 °C. As iMeskfrom Fig. 3, as the heating rate
increased from 100 °C/min to 450 °C/mtine heating rate showed little effect on the phase
structure of CaO-PSZ ceramics, similarly with thene mixed phase structure composed by
cubic phase zirconia (c-ZgPand monoclinic phase zirconia (m-Z)QOindicating the
formation of CaO-PSZ ceramics; and the intensitgaxth diffraction peak was relatively
unchanged, including the diffraction peak of cuhase zirconia (c-Zrf) at 29.92° and the
diffraction peaks of monoclinic phase zirconia (m2) at 28.06° and 31.24°. Moreover,
compared with the XRD pattern of fused zirconig(Hi), the new phase, monoclinic phase
zirconia (m-ZrQ) appeared in the CaO-PSZ ceramics samples, whashattributed to the
reversible martensitic transformation of zircoriia [L2]. Wherein pure zirconia maintains the
monoclinic phase (m-Zrf) at room temperature, while it will be transformetb tetragonal
phase zirconia (t-Zr¢) at temperatures higher than 1173 °C, and tramsfdrinto cubic phase
zirconia (c-ZrQ) at 2370 °C and becomes a liquid phase at 269Q3CThe reversible
martensitic transformation of zirconia materiairainly related to the phase conversion
temperature, hence showing the little relationstith the heating rate. Therefore, at the
temperature regime of 1450 °C to 950 °C, the canwerof cubic phase zirconia (c-ZiQo
tetragonal phase zirconia (t-ZfGand the conversion of tetragonal phase zircanfa@,) to
monoclinic phase zirconia (m-ZgDoccurred, rendering that the cubic phase zirc@iarO,)
was partially converted into monoclinic phase zmeqm-ZrQ).

Based on the XRD pattern plotted in Fig. 3, the&# of heating rate on the stability rate
were determined in Fig. As seen from Fig. 4, the high heating rates rertitre small

influence on the fluctuation of the stability rabath 70.7% at 100 °C/min slowly improved



to 71.2% at 250 °C/min and 71.3% at 450 °C/min,olwtihe results were consistent with
findings obtained from the XRD pattern (Fig. 3).eféfore, it can be considered that the
heating rate had little influence on the stabifitpperties of the CaO-PSZ ceramics, and a
higher heating rate can be selected to reducerépagtion time by microwave sintering.
3.1.2 Effect of cooling rate on stability rate

The effects of cooling rate on the phase structafése CaO-PSZ ceramics samples
were presented in Fig. 5, obtained at controllmgymaximum temperature at 1450 °C with
the heating rate of 4 °C/min, the holding time df,2and quenching treatment at 950 °C with
the cooling rate regime of 1 °C/min to 400 °C/nmAs.observed from Fig. &as the cooling
rate increased from 2 °C/min to 8 °C/min, the istgnof the diffraction peak of cubic phase
zirconia (c-ZrQ) at 29.92° increased sharply, and the intensati¢lse diffraction peaks of
monoclinic phase zirconia (m-ZgPat 28.06° and 31.24° also increased; while irszda
from 8 °C/min to 20 °C/min even increased to 400Mi@, the intensity of the diffraction
peak of cubic phase zirconia (c-Z)@t 29.92° still maintained a substantial increasg the
intensities of the diffraction peaks of monoclipicase zirconia (m-Zr§) at 28.06° and 31.24°
decreased. The change of the phase structure Qfa®ePSZ ceramics samples indicated the
cooling rate rendered the significant influencealoaphase structure of the CaO-PSZ
ceramics samples, and increasing cooling rate imgatthe transformation rate of the
conversion of tetragonal phase zirconia (t-4r® monoclinic phase zirconia (m-ZsQ
which was ascribed to that during the cooling psscavith temperature decreased from
1450 °C to 1173 °C, a faster cooling naggurally implicated a greater internal motivatton

the phase conversion of tetragonal phase zircto:ZieQ};) to monoclinic phase zirconia



(m-ZrG,) [13]; meanwhile, the optimal cooling rate woulel lletween 8 °C/min and
20 °C/min.

Based on the XRD pattern plotted in Fig. 5, the@# of cooling rate on the stability
rate were determined in Fig.As observed from Fig. 6, the stability rate imprdwéth the
cooling rate increasing, with 41.7% with a coolmage of 1 °C/min improved to 90.8% with a
cooling rate of 20 °C/min; exceeding 20 °C/min, thange trend of the stability rate with
cooling rate gradually became slower and tenddxbtbalanced, with 92.9% at a cooling rate
of 40 °C/min slowly increased to 96.5% at a cooliatg of 400 °C/min, indicating decreasing
the cooling rate was beneficial for the crystal\vansion of cubic phase zirconia (c-Z)@o
monoclinic phase zirconia (m-ZgP Therefore, it is necessary to cool with a sl@melng
rate in order to obtain a lower stability rate ereihg to the more formation of partially
stabilized zirconia (PSZ). The slower cooling reaeised the lower stability properties,
rendering the more the monaoclinic phase zirconi&Z(,) be formed.

3.1.3 Effect of quenching temperature on stabibie

The effects of quenching temperature on the phagetsres of the CaO-PSZ ceramics
samples were illustrated in Fig. 7, obtained atrmdimg the maximum temperature at
1450 °C with the heating rate of 400 °C/min, th&ding time of 2 h, and cooled with the
cooling rate of 4 °C/min to different quenching fgmmature treatment, ranging from 1400 °C
to 25 °C. As observed from Fig. 7, with the quenghiemperature decreased from 1450 °C to
950 °C.the intensity of the diffraction peak of cubic pbasrconia (c-ZrQ) at 29.92°
presented a decreasing trend, and the intensthediffraction peaks of monoclinic phase

zirconia (m-ZrQ) at 28.06° and 31.24° increased continuouslycaithg the continuous



completion of the phase conversion, including thigic phase zirconia (c-Zepto tetragonal
phase zirconia (t-Zrg) and the tetragonal phase zirconia (t-Zr® monoclinic phase

zirconia (m-ZrQ); while temperatures lower than 950 °C, the inte¥sof the diffraction
peaks of zirconia phases were unchanged, presdittiogffect on the phase structures of
CaO-PSZ samples. Therefore, it can be concludedhbaptimal quenching temperature can
be chosen at 950 °C. The conversion temperatuetragonal phase zirconia (t-Z1Qo
monoclinic phase zirconia (m-ZgPoccurs at 1173 °C [13]; and with temperature easing,
the phase conversions continuously completed, dnfuthe cubic phase zirconia (c-Z)@o
tetragonal phase zirconia (t-Zfand the tetragonal phase zirconia (t-Zr® monoclinic
phase zirconia (m-Zrf), rendering the continue conversion of cubic ptasmnia (c-ZrQ)

and the formation of monoclinic phase zirconia (@4, further representing by the increase
of the intensity of monoclinic phase zirconia (m@gy diffraction peaks and the decrease of
the intensity of cubic phase zirconia (c-Zydiffraction peak.

Based on the XRD pattern plotted in Fig. 7, the@# of quenching temperature on the
stability rate were plotted in Fig. 8s observed from Fig. 8, at the early stage ofdiherease
process of quenching temperature, the stability ohthe CaO-PSZ samples presented a
decreasing trend, and this trend was more obviotisa high-temperature zone, with 97.4%
at 1450 °C reduced to 71.2% at 950 °C; as the teahyre continuously decreased to lower
than 950 °C, the change of the stability of zireot@inded to be gentle, and the stability rate of
zirconia samples did not change substantially anded to balance with the temperature
further decreased, with 71.2% at 950 °C chang&®12% at 25 °C. The phenomenon

indicated that during the cooling process, the lotive quenching temperature, the more



difficult the phase transition occurred; meanwhilean be speculated that the sufficient low
temperature will inhibit the phase transition ircenia samples. Moreover, the optimal
guenching temperature can be chosen at 950 °Chwtas consistent with the finding
obtained from Fig. 7.
3.1.4 Effect of isothermal treatment time on sifbiiate

The effects of isothermal treatment time on thesplsdructures of the CaO-PSZ
ceramics samples were displayed in Fig. 9, obtamedntrolling the maximum temperature
at 1450 °C with the heating rate of 400 °C/min, b&ding time of 2 h, followed by cooled to
a specific temperature and kept warm with holdingetranging from 0 h to 5 h, finally with
guenching treatment. As observed from Fig. 9(ajinduhe cooling process, the isothermal
treatment time at 1300 °C had litiigluence on the phase structures, representirthdy
intensity of diffraction peak of cubic phase zir@at 29.92° and monoclinic zirconia phase
at 28.06° and 31.24° unchanged. Moreover, the dmaiags were obtained from Fig. 9(b)
and Fig. 9(c), the isothermal treatment time atO1D and 900 °C also presented little
influence on the phase structures. Therefore nittgaconcluded that during the cooling
process, the isothermal treatment time at a cet¢anperature rendered little influence on the
phase structures of the CaO-PSZ ceramics. Thesiblemartensitic transformation of
zirconia material is mainly influenced by the phasaversion temperatures, without
connection with the isothermal treatment time.

Based on the XRD pattern shown in Fig. 9, the &ffe€isothermal treatment time on
the stability rate were presented in Fig. A8.observed from Fig. 10, at a quenching

temperature of 1300 °C, the stability rate decrédisem 90.6% without isothermal treatment



to 88.4% with 5 h; at 1100 °C, the stability ragziceased from 79.1% without isothermal
treatment to 78.3% with 5 h; at 900 °C, the stgbite decreased from70.7% without
isothermal treatment to 69.8% with 5 h. During ¢tbeling process, after temperature
decreased to a certain point, conducting the isgtakageing treatment cannot render the
significant contribution to the increase of the mdmic phase zirconia (m-Z£) conversely,
the changing trend of the stability rate reachddrz®ed. Therefore, the isothermal ageing
treatment conducted in the cooling process canmmohgte the phase transformation of
zirconia samples, further to reduce the stabiliyperties of the CaO-PSZ ceramics.

3.2 Characterization by SEM

SEM patterns of zirconia material before and aftearowave sintering were illustrated
in Fig. 11, wherein the SEM patterns of the zireosample before sintering were presented in
Fig. 11(a)-(c), the SEM patterns of the prepare®@-®&Z ceramics sintered at 1450 °C for
2.0 h were displayed in Fig. 11(d)-(f).

For the fused zirconia raw material, as observeshfFig. 11(a)-(b), the grain boundaries
were regular and distinct, and the angles for thendary intersection points were almost
balanced at 120°, indicating that the raw mataeved mainly composed by cubic phase
zirconia (c-ZrQ) with fluorite structure, which the result was smtent with finding obtained
from Fig. 1. Meanwhile, as seen from Fig. 11(cg skrface of fused zirconia raw material
was filled with scaly, which were overlapped togettwithout fatal crystal structure defects
observed, such as cracks, holes and pits.

In addition, for the prepared CaO-PSZ ceramic samls displayed in Fig. 11(d)-(f),

the more dense structure with no cracks appeardideonwhole surface, and the acicular



patterns of grains and fine round particles gathatehe crystal boundary (Fig. 11(d)-(e)).
Wherein the aggregation phenomenon of aciculangrand fine particles at the grain
boundary was attributed to that the precipitatiehdvior of the CaO stabilizer. Moreover,
compared with Fig. 11(b) and Fig. 11(e), the conepteibic-phase zirconia was observed to
disappear and changed to a mixed-phase structalieating the formation of the CaO-PSZ
ceramics.
3.3 Characterization by EDAX

The SEM pattern and EDAX spectra of the CaO-PSZmas sample prepared at
1450 °C for 2 h by microwave sintering were displdyn Fig. 12, wherein Fig. 12(a)
illustrated the microscopic appearance, Fig. 12db)displayed the elemental
semi-quantitative analysis of spot 2, spot 4, gt S, respectively. As observed from Fig.
12(a), spot 2 was located at the grain boundany tla@ locations of spot 4 and spot 5 were
different with spot 2; hence, there existed obvidifiference for the elemental compositions
with spot 2 compared to spot 4 and spot 5. Wheseat 2 was determined with the 12.81% of
CaO content and 18.67% of ZrContent, while spot 4 was characterized by th6%.0f
CaO content and 68.45% of ZrContent, and spot 5 was characterized by the 3df0%a0
content and 71.50% of Zp@ontent. Obviously, the CaO content at spot 2 Wit81% was
much higher than that at spot 4 and spot 5, wilb%. at spot 4 and 3.10% at spot 5,
respectively; meanwhile, the Zg@ontent at spot 2 with 18.67% was much lower that at
spot 4 and spot 5, with 68.45% at spot 4 and 71.808fpot 5, respectively, which the great
difference for elemental composition distributideazly verified the precipitation behavior of

the CaO stabilizer at the grain boundary, furthgni§/ing the formation of the CaO-PSZ



ceramics. Moreover, the findings obtained fromEmBAX analysis were consistent with the

SEM analysis.

4 Conclusions

In this work, the microstructure and stability peojies of calcium oxide-partially
stabilized zirconia (CaO-PSZ) ceramics were systeally studied, with fused zirconia as
raw material prepared by microwave sintering. Rsguabicated that during the sintering
preparation process, the intensity of the diff@acipeak of cubic phase zirconia (c-Zy@t
29.92° decreased, and the intensity of the diffbagbeaks of monoclinic phase zirconia
(m-ZrQ,) at 28.06° and 31.24° increased, which was asttibéhe reversible martensitic
transformation of zirconia. Meanwhile, the influenaf various factors on zirconia stability
properties presented great difference, represehbyirtge stability rate synchronously
improved with the increase of heating rate, coolatg and quenching temperature, while
without significant connection with isothermal tre&nt time. Moreover, SEM and EDAX
characterization signified the precipitation beloawf CaO stabilizer at the crystal boundary,
with the acicular grains and fine particles formiedjcating the formation of CaO-PSZ
ceramics. The work highlights the effective synithe$ CaO-PSZ ceramics from fused
zirconia by microwave sintering, even extendingtizer 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 tempeeaturnace.

Fig. 3 XRD patterns of zirconia material treatedhwdifferent heating rates.

Fig. 4 Effects of heating rate on stability rate.

Fig. 5 XRD patterns of zirconia material treatedwdifferent cooling rates.

Fig. 6 Effects of cooling rate on stability rate.

Fig. 7 XRD patterns of zirconia material treatedlifferent quenching temperatures.

Fig. 8 Effects of quenching temperature on stabibte.

Fig. 9 XRD patterns of zirconia material treatedhvdifferent isothermal treatment times, (a)
1300 °C; (b) 1100 °C; (c) 900 °C.

Fig. 10 Effects of isothermal treatment time orb#ity rate, (a) 1300 °C; (b) 1100 °C; (c)
900 °C.

Fig. 11 SEM patterns of zirconia material beford after microwave sintering; (a) raw
material, 100x; (b) 200x; (c) 200x; (d) sinterechpée, 1000x; (e) 5000x; (f) 5000x.

Fig. 12 SEM pattern and EDAX spectra of zirconigemnal sintered at 1450 °C for 2 h, (a)

SEM pattern; (b) EDAX of spot 2; (c) EDAX of spat(@¢) EDAX of spot 5.
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(d) (e) ®

Fig. 11 SEM patterns of zirconia material beford after microwave sintering; (a) raw

material, 100x%; (b) 200x; (c) 200x; (d) sinterechpée, 1000x; (e) 5000x; (f) 5000x.
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