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Abstract:

In this paper, the stability of CaO doped partially stabilised zirconia (CaO-PSZ) prepared
by electrofusion method was improved from 88.14% to 95% within one hour using the
microwave heating method. The increase of the stability rate was because of the microwave
heating method's advantages, including selective heating and fast heating. Analysis techniques,
namely X-ray diffraction (XRD), Fourier transform infrared (FT-IR), Raman spectroscopy,
and scanning electron microscopy (SEM), were used to analysis the influences of the holding
time (1-4 h) on the CaO doped PSZ samples at a heating temperature of 1100 °C to
understand the fundamental mechanism of the optimisation process. The Raman and XRD
spectra were fitted by the Gaussian method to further analysis the effect of holding time on
the microstructure evolution of the samples. The fitting results indicated that the sample's
crystal quality and stability were improved after microwave heating, and the optimised
holding time is 2h.
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1. Introduction

Zirconia (ZrOz2) has inactivity chemical properties and unique physical properties i.e.
high melting point, high resistivity, chemical corrosion resistance, and wear resistance [1-4].
Thus, the applications of ZrO- i.e. high-temperature resistant material, ceramic insulation
material, and ceramic shading agent, are widely concerned in aspects including aerospace,
large-scale thermal power generation, chemical industry, and metallurgy. Additionally, ZrO>
has applications for improving the performances of high-temperature structural ceramics,
electronic ceramics, and bio-ceramics.

At atmospheric pressure, there are three phases of pure zirconia with different structures,
namely the monoclinic phase (m-ZrO,), tetragonal phase (t-ZrO>), and cubic phase (c-ZrOy),
among which m-ZrOz is the most common phase existed at room temperature [5-7]. During
the heating or cooling process of pure zirconia, martensitic transformation appears at a
temperature of 1170 °Cwith the transformation between the tetragonal phase and monoclinic
phase, providing improved toughness of ceramic materials [8,9]. However, the 3% - 5%
volume expansion/shrinkage occurs during martensitic transformation, leading to cracks in
the microstructure of this potential material, and thus causes unstable thermal behaviour [7,
10-12].

Researchers addressed this problem and used doping as one of the key factors to control
the stability of the ZrO> phase structure. Doping allows the cation of dopant to replace the
position of Zr**, and thus forming a substitutional solid solution. There are mainly two kinds
of stabilised zirconia prepared by doping stabilisers, i.e. fully stabilised zirconia (FSZ) and

partially stabilised zirconia (PSZ). The fully stable zirconia is 100% cubic phase zirconia in



©CO~NOOOTA~AWNPE

which a solid solution is formed. Thus, temperature change has few effects on the phase
composition in the fully stable zirconia, making FSZ a material for thermocouple protection.
However, FSZ has a high thermal expansion coefficient which limited the service life of FSZ
as a structural material in the high-temperature environment. PSZ, formed by co-existed cubic
phase and part of the tetragonal phase, shows a better thermal performance than FSZ, thus
attached more attention in the industrial applications with pyro-process.

The commonly used dopants for the preparation of partially stabilised zirconia include
Ca0, MgO, Y203, and Ce»03[13-18]. MgO-PSZ is a famous material in the modern ceramic
family. It has an application in the oxygen sensor for monitoring oxygen activity in molten
steel. However, MgO-PSZ is prone to decompose at a temperature above 1000 °C, which
limits its application in a high-temperature region. Recently, researchers have focused on
yttria partially stabilised zirconia, which has good mechanical properties, strong toughness,
and good heating properties. Sun et al. prepared yttrium oxide partially stabilised zirconia
(YSZ) nano-coating materials by atmospheric plasma spraying (APS), indicating that the
prepared nanostructured coating material has long thermal cycle life and good thermal cycling
oxidation performance [19]. However, the high cost and the low-temperature ageing of YSZ
limited the application of this potential material. Thus, calcium-stabilised zirconia with
advantages i.e. low cost, high ionic conductivity, low thermal conductivity, and excellent
thermal shock resistance, has received attention in the applications in oxygen sensors and
high-temperature heaters.

At present, electrofusion is the main approach for the mentioned zirconia materials.

Electrofusion is a simple process with advantages, including a short procedure and low
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product cost. However, the method also suffers from disadvantages, including low stability of
the produced samples, high heat treatment temperature, and the corresponding high energy
consumption [20,21]. Therefore, a preparation method for optimizing the stability of partially
stabilised zirconia samples with a short operation time is required. Among the preparation
methods for PSZ, microwave heating has attracted the attention of researchers. With
microwave heating, the reactant molecules' internal structure will oscillate and thus generate
energy for heating [22,23]. Compared with electrofusion, microwave heating has the
advantages of selective heating, rapid heating, energy-saving, and high efficiency [24,25].
Also, microwave heating can control the crystal form and affects the stability of partially
stabilised zirconia [26,27]. Li et al. prepared calcium oxide partially stabilised zirconia
(Ca0-PSZ) by microwave heating method [28]. The results show that calcium oxide partially
stabilised zirconia was formed from molten zirconia using microwave heating at a
temperature of 1450 °C for two hours, and CaO stabiliser precipitated at the grain boundary,
forming needle-like grains and fine particles, which enhanced the toughness of CaO-PSZ.
Therefore, more and more researchers choose to use microwave heating technology to prepare
partially stable zirconia. Guo et al. prepared partially stabilised zirconia by microwave
roasting. The results show that a better crystal form and a better microstructure of the partially
stable zirconia appeared at a calcination temperature of 1723 K and a holding time of 240 min
[29]. Khollam et al. prepared yttrium stabilised cubic zirconia materials by microwave
hydrothermal synthesis method presented energy-saving characteristics and improved thermal

stability of the products [30].
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In this experiment, for optimisation of the stability of CaO doped partially stabilised
zirconia, we using microwave heating with a heating temperature of 1100 °C. The influence
of holding time (1-4 h) on the stability of CaO doped partially stabilised zirconia was
analysed. The details for the mechanism of phase transformation were studied. The purpose is
to provide more practical cases for the development of microwave heating in the preparation

of CaO-PSZ materials.

2. Experiment
2.1 Materials

The raw material of zirconia used in this project is from Zhengzhou (Henan Province,
China), produced by electric arc process. Other chemical reagents used in this study are of
analytical grade without further purification. The main chemical composition of zirconia is
shown in Table 1, indicating that the main component of zirconia is 94.85% of ZrO>, 0.4% of
Al>O3, 0.4% of SiO2, 0.2% of TiO2, 0.15% of Fe»O3, and 4% of CaO as a stabilizer,
suggesting that ZrO, and CaO phases are the main components of fused zirconia. The XRD
diagram of the zirconia sample and the corresponding analysis were described in Fig. 1.

According to the standard card of cubic zirconia (c-ZrO, JCPDS: 49-1642), monoclinic
zirconia (m-ZrO2, JCPDS: 37-1484), and tetragonal zirconia (t-ZrOz, JCPDS: 42-1164),
monoclinic zirconia and cubic zirconia exist in the zirconia samples, and the diffraction peak
of tetragonal zirconia overlaps with the diffraction peak of cubic zirconia. Thus, the evidence
for the existence of the tetragonal phase in zirconia raw materials is insufficient. Also, the

diffraction peak of CaO phase is absent in the diagram, which indicates that CaO has entered
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the lattice node of ZrO; and formed a stable replacement solid solution structure with zirconia
(ZrO2). In conclusion, the as-received zirconia samples belong to CaO-PSZ ceramic materials.
2.2 Equipment

In this experiment, the microwave heating method was used. The microwave frequency
of the muffle furnace used in this experiment was 2.45 GHz, and the microwave output power
was controllable (0-1.5 kW). Fig. 2 shows the schematic diagram of the microwave calcining
equipment, mainly composed of a circulating water-cooling system, microwave heating
system, sample box, and temperature control system.
2.3 Experimental procedure

In this experiment, fused zirconia stabilised by CaO was put into a drying oven
(FX101-1) and dried at 105 °C for 12 h. Then, the dried samples were compacted and
subsequently put into a horizontal microwave reactor and calcined for 60 min under the
conditions of a microwave output power of 3 kW and a calcination temperature of 1100 °C. A
temperature control system was responsible for keeping the heating rate constant at 8 °G/min.
During the heating process, the sample temperature was detected by an infrared thermometer,
and the temperature measurement accuracy was =2 °C. After calcination, the sample was
naturally cooling to room temperature. Then 40 g of the sample was divided into four equal
parts, and the effect of holding time on the stability of partially stabilised zirconia was tested.
In this experiment, the calcination temperature was 1100 °C, and the calcination holding time
was 1 h, 2 h, 3 h, and 4 h, respectively. After the holding time reached the settled value, the
microwave heating was turned off, and the samples were naturally cooled to room

temperature to extract the calcined products for further analysis.
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2.4 Characterization

The phase analysis of the heated products was carried out by X-ray diffraction (D8
advance a25x). The target source was copper target Ka ray (A=0.154056 nm), tube voltage
and current are 40 kV and 20 mA, scanning range was 0 °~100 °, scanning speed was 5 °/min.
Raman spectroscopy (Renishaw Raman scope system 1000) was used to analyse the
molecular vibration information of the heated products, and the molecular structure of the
heated products was studied. Fourier transform infrared (1S10, Nicolet, USA) was used to
analyse the surface functional groups and their chemical structures of the calcined products.
The spectral range was 4000-500 cm™. The microstructure of calcined products was
determined by FESEM (XL30ESEM-TMP, Philips, Holland) with an accelerating voltage of

30 kV. In this project, all measurements were carried out at room temperature.

3. Results and discussion
3.1 Characterization by XRD

The crystal structures of the CaO-PSZ samples calcined for 1 h, 2 h, 3 h, and 4 h were
characterised by XRD, respectively. In Fig. 3, XRD results indicate that the phase
composition of CaO-PSZ samples heated by microwave was a mixed phase. Limited
diffraction peaks for monoclinic zirconia appear at 26=28.214 ° and diffraction peaks for
cubic zirconia appear at 26=30.177 °, 26=59.777 °, and 20=81.766 °, respectively. Because
the diffraction peaks appear at 20=34.897 ° and 20=50.174 ° are both characteristic peaks for
tetragonal zirconia and cubic zirconia, we suspect that tetragonal zirconia was transformed

from monoclinic zirconia. The evidence to support this is that the characteristic peaks of
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monoclinic zirconia were reduced in all the XRD patterns of the prepared samples compared
to the as-received sample.

The trajectories of the characteristic peaks of the cubic, tetragonal and monoclinic phases
were fitted by Gaussian mathematical model to understand the effect of microwave heating
duration on the samples, as shown in Figs. 4(a) - (e). The results show that the half-width of
the main peak of monoclinic zirconia was 0.284, 0.281, 0.398, and 0.477, respectively, and
that of cubic phase was 0.175, 0.160, 0.166, and 0.168 at the conditions with a holding time of
1h,2h,3h,and 4 h, respectively. Compared with the samples received (the half peak width
of monoclinic zirconia peak is 0.454, and that of cubic phase zirconia is 0.274), the
crystallinity of the sample was improved by extending the holding time, and the best
crystallinity of the sample was achieved when the holding time was 2 h. According to the
fitting results, the grain half peak width becomes smaller after microwave heating, which
indicates that the grains are aggregated and grown-up.

The relative monoclinic content (Vm) was measured by XRD analysis to evaluate the
relative ratio of monoclinic zirconia to the summary of monoclinic and cubic phases, and
calculated according to the equation proposed by Garvie et al.[31] and modified by Toraya et

al.[32]:

_ 1.311[In (T11) +1p(111)] (1)
M ™ 1311 [y (T11) + I (111) ] +1,(111)

where Im and I¢ are the intensity of the monoclinic and cubic peaks, respectively. The
monoclinic phase and cubic phase's relative contents for the original sample and the sample
with a holding time of 1 h, 2 h, 3 h, and 4 h were plotted as shown in Figure 5. It can be seen

from Figure 5 that with the prolongation of the holding time, the relative content of the cubic
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phase increases and reaches the highest value (94.46%) at 2 h. In comparison, the monoclinic
phase's relative content decreases and reaches the lowest value (5.54%) at 2 h. After 2 hours
of microwave heating, the monoclinic phase increased with the further prolongation of the
holding time, which is unwelcome by forming high-quality samples.

3.2 Characterization by Raman spectroscopy

Figs. 6(a)-(b) present the Raman spectrums of zirconia obtained from the Raman
scattering digital image collected in the spectral scattering detection area from 100 cm™ to
650 cm™. The change of Raman vibration characteristic peak can further confirm the
existence of the tetragonal phase in zirconia. Fig. 6(a) exhibits that five kinds of Raman
activities appear in the Raman spectra of CaO-PSZ. The two peaks at 286.8 cm™ and 316.0
cm? results from the Eq and B1g Raman vibrations of tetragonal zirconia. The three peaks at
350.7 cm?, 374.6 cm™ and 403.8 cm™ are the characteristic peaks of By Raman vibration of
monoclinic zirconia.

Differences in the test parameters and test conditions can cause significant differences in
the signal strength. For a more scientific comparison, the data are usually normalised using
the peak value. In this paper, the Raman spectra data of raw materials in Fig. 6(b) at 1 h, 2 h,
3 h, and 4 h are divided by the values of their strongest peaks, producing the normalised peak
intensities in the range of 0-1. The results are shown in Fig. 6(b) with the calculation

following Eq. (2):

. , . Intensities of peak splittin
Normalized intensity = , S peak splitting (@)
Intensity of the strongest peak

Fig. 6(b) reveals that there are five Raman activities at 403.5 cm™, 374.8 cm™, 350.7

cm?, 316.0 cm™ and 285.8 cm™, respectively. In Fig. 6(b), the characteristic peak of CaO is
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absent for observing, which indicates that CaO-ZrO; is a complex mixed oxide. With the
increase of holding time from 1 h to 4 h, a monoclinic peak (Raman shift = 350.7 cm™) with
weak intensity appeared, and then the intensity slightly increased. Comparing the spectra of
raw materials in Fig. 6(a) and that of the sample treated with microwave for 1 h in Fig. 6(b),
the tetragonal phase's characteristic peaks became sharper. The characteristic peak of the
monoclinic phase (Raman shift = 350.7 cm™) disappears, which indicates that the monoclinic
phase has changed into the tetragonal phase.

To further understand the effect of microwave treatment on the phase composition of the
samples, the trajectories of the vibration characteristic peaks of the tetragonal and monoclinic
phases were fitted by the Gaussian mathematical model, as shown in Figs. 7(a)-(e).

Figs. 7(a)-(e) corresponds to the fitting curves of Raman spectra of raw materials and a
holding time of 1 h, 2 h, 3 h, and 4 h, respectively. There are five characteristic peaks in the
figures. Peaks (1) and (2) are characteristic peaks of the tetragonal phase, and peak (3), peak
(4), and peak (5) are characteristic peaks of the monoclinic phase. In Figs. 7(a)-(e), the
half-height width for characteristic peaks of the tetragonal phase is focused. To the raw
material and the sample prepared with a holding time of 1 h, 2 h, 3 h, and 4 h, the
corresponding value is 32.53, 29.54, 28.46, 24.72, and 27.43 for peak (1), respectively. The
corresponding value for peak (2) is 12.39, 14.42, 13.34, 17.24, and 15.71, respectively. In the
studied range of the microwave heating time, the samples' half-height width changed
significantly after microwave treatment compared with the raw materials. It is also known that

crystallinity has a negative relation with the half-height width. Peak (1) and peak (2) are
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characteristic peaks of the tetragonal phase, the FWHM variation of which indicating that the
crystallinity of the tetragonal phase is improved.

Additionally, the Area IntgP values are calculated by the relative percentage of the
monoclinic/tetragonal phase's peak area to the total area of characteristic peaks of monoclinic
and tetragonal phases understand the relative percentage content of the monoclinic/tetragonal
phase. The results for the as-received sample and a holding time of 1h, 2h, 3h, and 4h are
shown in Figs. 7(a)-(e), indicating that the Area IntgP values of tetragonal phase are 21.34,
21.89, 22.26, 20.15, and 21.52, respectively, the Area IntgP values of monoclinic phase are
78.65, 78.11, 77.74, 79.85, and 78.47, respectively. By analysing the Area IntgP values of the
tetragonal phase and monoclinic phase, the holding time of 2 h caused the maximum Area
IntgP value of the tetragonal phase and the minimum value of the monoclinic phase.
According to the analysis of the half-width and the Area IntgP of the tetragonal phase, the
optimum reaction conditions were obtained when the calcination temperature was 1100 °C
with a holding time was 2 h, which was consistent with the XRD analysis results.

3.3 Characterization by FT-IR

In this test, the surface functional groups of CaO-PSZ were analysed by scanning in the
spectral scanning range of 4000-500 cm™, and the infrared spectral analysis is shown in Figs.
8(a)-(b).

Fig. 8(a) indicates five characteristic peaks in the infrared spectrum of fused zirconia
stabilised by calcium oxide. Among them, the absorption peak at 1013.89 cm™ is an effect of
the bending vibration of the O-H bond, the characteristic absorption peak at 1384.87 cm™*

results from the sample adsorbing CO in the air, the absorption peak at 1641.74 cm results
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from the bending vibration of H-O-H on the sample surface, and the characteristic absorption
peak at 3443.14 cm™ is resulted from the contraction vibration of O-H bond on the sample
surface. The characteristic peak at 546.40 cm™ is the vibration frequency of metal-oxygen.

Fig. 8(b) exposes five characteristic peaks in the infrared spectrum of the CaO-PSZ
sample at 1100 °C and a holding time of 1 h. Five characteristic peaks were noticed at 546.43
cm?, 1015.13 cm?, 1417.08 cm, 1642.72 cm™ and 3447.14 cm™, representing the stretching
vibration of Zr-O bond, O-H bond, CO in air, H-O-H bond on the sample surface, and O-H
bond on the sample surface, respectively. Combined with the infrared spectrum analysis of
holding time of 2 h, 3 h, and 4 h, the characteristic peak at 546.43 cm™ moves to a higher
wavenumber with the increase of holding time, resulting in a blue shift. The blue shift was
attributed to the continuous transformation process from m-ZrO; to t-ZrO», which increased
the content of t-ZrO- in heated CaO-PSZ samples. The martensitic transformation at the
heating temperature is mainly m-ZrO to t-ZrO, and a part of t-ZrO; is transformed into
c-ZrO», which further improves the phase stability of CaO-PSZ.
3.4 Characterisation by SEM

The SEM images of PSZ under different holding times of 1 h, 2 h, 3 h, and 4 h with a
holding temperature of 1100 °Care shown in Figs. 9(a)-(d), respectively. Fig. 9 presents that
when the holding time is 1 h (Fig. 9(a)), the particle shape is irregular, and the sample's
surface is coarse. The irregularity of particle shape is improved when the holding time is 2 h
(Fig. 9(b)), and several cracks can be observed in the surface of the sample compared with
that of holding for 1 h. The sample's surface becomes smoother when the holding time

continues to increase to 3 h (Fig. 9(c)). Combined with XRD analysis, it can be seen that the
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surface of the sample becomes smooth due to the phenomenon of grain growth. When the
holding time is 4 h (Fig. 9(d)), the sample's surface is smooth, and the microstructure of the
sample is more regular, which indicates that the extension of holding time promotes the
fusion of grains in CaO-ZrO> ceramics.
3.5 Phase stability analysis

The influences of different holding time on the stability of the sample at 1100 °C was
studied. The calculation of the stability rate can measure the stability degree of the prepared
zirconia. The "K value semi-quantitative method" is used to calculate the stability rate of the

prepared partially stable zirconia. The calculation formula is as follows:

Intensity of 29.92°
yof x 100%

1 iy — 3
ndex Of Stablllty Intensity of 28.06°+Intensity of 31.24°+Intensity of 29.92° ( )

where the intensity of 29.92 °-the peak intensity of c-ZrOz; intensity of 28.06 °, intensity
of 31.24 °-the peak intensity of m-ZrO,. The results in Fig. 10 indicating that the stability rate
of zirconia stabilised by calcium oxide is 88.14%, and the stability rate of samples with a
holding time of 1 h, 2 h, 3 h, and 4 h is 95.17%, 95.71%, 95.17%, and 95.21%, respectively.

Fig. 10 exhibits that with the increase of holding time, the stability rate of the prepared
PSZ gradually increases and tends to be stable. The stability rate calculation shows that under
the same temperature, the prolongation of the holding time increases the phase transition of
the PSZ, which makes the stability rate fluctuate. This phenomenon is mainly due to the
prolongation of holding time. A part of the monoclinic phase changes into the tetragonal
phase, which leads to the decrease of monoclinic phase content. Because of the difference

between the radius of Ca?* and Zr**, when Ca?* ions enter the ZrO; lattice and replace Zr*",
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lattice distortion and micro stress will occur. This micro stress plays a role in restraining the
transformation from t-ZrOz to m-ZrO,.

On the other hand, the tetragonal phase transformed into the cubic phase at a temperature
below the initial phase transition temperature (2370 °C for pure ZrO) [33,34]. The reason is
that the Ca?* of the tetragonal phase will continuously accumulate to the grain surface during
the heating process, and these Ca?* rich regions may gradually form the cubic phase. This
phenomenon was noticed by Li et al. in their study related to CaO doped partially stabilised
zirconia, and the phase transition temperature for c-ZrO, was 1100 °C [35]. Thus, the
mentioned transformation mechanism was doubted to be responsible for the noticed c-ZrO-
transformation in the present work. With the increase of holding time, the growth of some
cubic zirconia grains was promoted under the mentioned transformation mechanism. Thus,
the stability rate of partially stabilised zirconia was improved. With the further extension of
holding time above 3 h, the crystal transformation of zirconia has an ignorable change, where

the stability rate of partially stabilised zirconia was basically in equilibrium.

4. Conclusions
In this paper, the effects of different holding times on the phase transformation of
partially stabilised zirconia were studied by analysing and characterising the experimental
samples and controlling the holding temperature. The following conclusions were drawn:
(1) With the recommended microwave heating approach (at a heating temperature of
1100 °C for more thanlh), the stability rate of the CaO doped ZrO; increased from 88.14%

(original sample prepared by electrofusion) to above 95%.
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(2) To understand the phase transformation phenomenon during the heating process, the
Raman spectrum analysis of CaO doped PSZ heated at 1100 °C was presented. The
half-height width of characteristic peaks and the corresponding IntgP values, namely the
percentage of the peak area of monoclinic/tetragonal phase to the total area of characteristic
peaks of monoclinic and tetragonal phases, were calculated, indicating that the peak of IntgP
value of tetragonal phase and the valley value of monoclinic phase were achieved when
holding time was 2 h.

(3) The c-ZrOz phase transformation temperature of the CaO doped PSZ (1100 °C) was
noticed to be lower than that of pure ZrO, (2370 °C). The reason is that the Ca?* of the
tetragonal phase will continuously accumulate to the grain surface during the heating process,

and these Ca?* rich regions may gradually form the cubic phase.
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Table captions

Table 1 Chemical composition of zirconia raw material (wt. %).
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Figure captions

Fig. 1 XRD results of CaO-PSZ.

Fig. 2 Schematic diagram of the microwave calcination equipment.

Fig. 3 The XRD results of the CaO-PSZ heated at 1100 °C show that the holding time is 1 h, 2
h, 3 h, and 4 h respectively.

Fig. 4 Corresponding XRD fitting diagram of (a) the as-received CaO-PSZ material, and
microwave heating samples with a holding time of (b) 1 h, (c) 2 h, (d) 3 h,(e)4 hata
temperature of 1100 °C.

Fig. 5 Relative percentage of monoclinic and cubic phases in zirconia.

Fig. 6(a) Raman spectral analysis of CaO-PSZ; (b) Raman spectrum analysis of CaO-PSZ
heated at 1100 °C, holding time is 1 h, 2 h, 3 h and 4 h respectively.

Fig. 7 Corresponding Raman fitting diagram of (a) the as-received CaO-PSZ material, and
microwave heating samples with a holding time of (b) 1 h, (¢c) 2 h, (d) 3 h,(e)4 hata
temperature of 1100 °C.

Fig. 8(a) FT-IR analysis of CaO-PSZ; (b) FT-IR analysis of CaO-PSZ heated at 1100 °C,
holding time of 1 h, 2 h, 3 h, and 4 h respectively.

Fig. 9 Scanning electron microscope image with a magnification of 10000 times: (a) heating
products with 1100 °C holding time of 1 h; (b) heating products with 1100 °C holding time of
2 h; (c) heating products with 1100 °C holding time of 3 h; (d) heating products with 1100 °C
holding time of 4 h.

Fig. 10 Stability rate of PSZ under different holding times.
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Table 1 Chemical composition of zirconia raw material (wt. %).
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Fig. 1 XRD results of CaO-PSZ.



OCoO~NOUITAWNE

hand pressure
heel gage

insulating infrared
bricke  thermocouple

baro[peter

temperature
controller

microwave Vacuum

mould reactor pump

water

induction cooling
heater .
machine

n:10t0r rotation

Fig. 2 Schematic diagram of the microwave calcination equipment.

e-m-Zr0/
o-i-710,
e-c-7Z10,

5000
1 st/

o 4000 E ,I
m p I 4
< 3000 vir’ o’
o ] 7
= rrr 4
£ 2000 1 f:/”/l r,
& ] W ’ k
=

1000

0 I I

20/°

Fig. 3 The XRD results of the CaO-PSZ heated at 1100 °C show that the holding time is 1 h, 2

h, 3 h, and 4 h respectively.
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Fig. 4 Corresponding XRD fitting diagram of (a) the as-received CaO-PSZ

material, and microwave heating samples with a holding time of (b) 1 h, (c) 2 h, (d)
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Fig. 5 Relative percentage of monoclinic and cubic phases in zirconia.
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Fig. 6(a) Raman spectral analysis of CaO-PSZ; (b) Raman spectrum analysis of

Ca0-PSZ heated at 1100 °C, holding time is 1 h, 2 h, 3 h and 4 h respectively.
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Fig. 7 Corresponding Raman fitting diagram of (a) the as-received CaO-PSZ material, and
microwave heating samples with a holding time of (b) 1 h, (¢c) 2 h, (d) 3 h,(e)4 hata

temperature of 1100 °C.
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Fig. 8(a) FT-IR analysis of CaO-PSZ; (b) FT-IR analysis of CaO-PSZ heated at 1100 °C,

holding time of 1 h, 2 h, 3 h, and 4 h respectively.
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(c) (d)

Fig. 9 Scanning electron microscope image with a magnification of 10000 times: (a) heating

products with 1100 °C holding time of 1 h; (b) heating products with 1100 °C holding
time of 2 h; (c) heating products with 1100 °C holding time of 3 h; (d) heating products

with 1100 °C holding time of 4 h.
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Fig. 10 Stability rate of PSZ under different holding times.




