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Abstract: In this work, microwave heating approach was introduced into 

the preparation process of zirconia materials to overcome the tricky 

technical defects during the traditional electric arc furnace method. 

Magnesia-partially stabilised zirconia (MgO-PSZ) with enhanced stability 

and a uniform microstructure was prepared via microwave heating of a ZrO2 

sample manufactured by the electric arc furnace method. The effects of 

microwave heating on the phase stability properties, microstructure, and 

surface morphology of the prepared MgO-PSZ sample were evaluated via X-

ray diffraction (XRD), Raman spectroscopy, Fourier transform infrared 

(FT-IR) spectroscopy, and Scanning electron microscopy, and the obtained 

results suggested that the stability rate of the MgO-PSZ sample improved 

from the initial value of 81.19% to 94.82% after microwave heating at 

1300 °C for 1 h. As a result of the martensitic conversion of ZrO2 

material, the m-ZrO2 diffraction peaks were suppressed at the same time. 

Additionally, a similar changing trend was noticed in the XRD pattern, 

Raman spectrum, and FT-IR spectrum, indicating a decrease in the m-ZrO2 

phase content in the microwave treated products. Furthermore, the 

microstructure on the surface of the microwave-sintered MgO-PSZ sample 

was improved in contrast to the raw MgO-PSZ sample, and became relatively 

more uniform and smooth. This study determined the optimal microwave 

heating conditions for the preparation of MgO-PSZ material with enhanced 

performance, and can provided as a good foundation for developing the 

further related research on zirconia materials preparing by microwave 

heating technology. 
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Abstract: 

In this work, microwave heating approach was introduced into the preparation process of 

zirconia materials to overcome the tricky technical defects during the traditional electric arc 

furnace method. Magnesia-partially stabilised zirconia (MgO-PSZ) with enhanced stability 

and a uniform microstructure was prepared via microwave heating of a ZrO2 sample 

manufactured by the electric arc furnace method. The effects of microwave heating on the 
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phase stability properties, microstructure, and surface morphology of the prepared MgO-PSZ 

sample were evaluated via X-ray diffraction (XRD), Raman spectroscopy, Fourier transform 

infrared (FT-IR) spectroscopy, and Scanning electron microscopy, and the obtained results 

suggested that the stability rate of the MgO-PSZ sample improved from the initial value of 

81.19% to 94.82% after microwave heating at 1300 °C for 1 h. As a result of the martensitic 

conversion of ZrO2 material, the m-ZrO2 diffraction peaks were suppressed at the same time. 

Additionally, a similar changing trend was noticed in the XRD pattern, Raman spectrum, and 

FT-IR spectrum, indicating a decrease in the m-ZrO2 phase content in the microwave treated 

products. Furthermore, the microstructure on the surface of the microwave-sintered MgO-PSZ 

sample was improved in contrast to the raw MgO-PSZ sample, and became relatively more 

uniform and smooth. This study determined the optimal microwave heating conditions for the 

preparation of MgO-PSZ material with enhanced performance, and can provided as a good 

foundation for developing the further related research on zirconia materials preparing by 

microwave heating technology. 

Keywords: MgO-PSZ; phase stability; microstructure morphology; microwave heating 

 

1 Introduction 

Zirconia (ZrO2) is a high-performance material with advantages including 

high-temperature resistance, corrosion resistance, and high hardness. As a high-grade and 

high-quality refractory material, ZrO2 plays an important role in applications including sizing 

nozzles, skateboard bricks, fused cast bricks, and hollow balls [1–3]. In addition, ZrO2-based 

materials are commonly applied in high-tech areas such as bioceramics, electronic ceramics, 
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functional ceramics, and structural ceramics [4–6]. For applications involving heating or 

cooling processes, the crystalline structure of ZrO2 usually undergoes a martensitic 

transformation, resulting in the co-existence of concomitant crystalline structures of ZrO2 at 

different temperatures [7, 8]. Specifically, the main phase of pure ZrO2 at room temperature is 

monoclinic-ZrO2 (m-ZrO2); at a temperature of 1170 °C, the m-ZrO2 phase begins to convert 

into a tetragonal-ZrO2 (t-ZrO2) phase, and the t-ZrO2 phase transforms into a cubic-ZrO2 

(c-ZrO2) phase at a temperature exceeding 2370 °C [9, 10]. However, the transformation 

between the three crystal structures of ZrO2 is usually accompanied by shear strain and 

volume changes, leading to the catastrophic destruction of the structure of pure ZrO2 materials 

[11]. During a heating–cooling cycle, the metastable t-ZrO2 phase in pure ZrO2 is easily 

transformed into a stable m-ZrO2 phase, accompanied by a volume expansion of 3%–5%. 

This volume effect is prone to create cracks, which decreases the thermal shock resistance of 

the material and thus further limits the application of ZrO2 in the field of high-temperature 

processes [12]. 

To stabilise the structure of ZrO2 materials, cations with a radius greater than that of Zr
4+

 

are introduced into ZrO2 lattices to replace some of the Zr
4+ 

lattice point positions by doping 

oxides into pure ZrO2 materials; meanwhile, replacement solid solutions are formed in these 

ZrO2 materials by doping, which maintains the stable phase structure of the resultant doped 

ZrO2 materials at room temperature, thereby achieving a toughening effect for pure ZrO2 

materials [13, 14] and leading to the formation of partially stabilised zirconia (PSZ) materials. 

The commonly used stabilizers include CaO [15], MgO [16], Y2O3 [17], and Ce2O3 [18]. 

Currently, partially stabilised zirconia materials are mainly prepared through the electric arc 
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furnace method from fully stabilised zirconia (FSZ). However, this preparation process has 

several issues including large energy consumption, long operation time, high processing 

temperature, and high production cost [14]. To solve these issues, microwave heating 

technology was introduced into the preparation of PSZ materials in this study. 

Microwave heating is an important technical approach for preparing high-performance 

novel materials and for modifying traditional materials [19–22]. The possibility of applying 

microwave heating technology to the materials preparation is based on the possession of 

decent dielectric properties by the preprocessed materials [23–25], which causes the internal 

molecular vibrations of ZrO2 under the action of microwave energy, further leading to the 

formation of more-optimised PSZ materials compared with the traditional electric arc furnace 

method [26]. Guo et al. [26] reported that the microwave-absorbing ability of fused ZrO2 was 

decent, and the temperature of fused ZrO2 increased to 1475 °C within 4 min. Mazageri [27] 

used microwave heating to prepare 8 mol% yttrium oxide-stabilised zirconia, and highlighted 

that the microwave-heated samples possessed a more uniform microstructure and optimized 

grain size. Li et al. [28] prepared CaO-PSZ from natural oblique zircon by microwave heating 

at 1300 °C for 80 min; moreover, the obtained PSZ product consisted of fine and uniform 

particles, with the bending strength reaching 138.271 MPa. Compared with traditional heating 

treatment technology, ZrO2 material prepared via microwave heating presents unparalleled 

advantages, such as a shorter reaction time, faster heating rate, smaller particle size, uniformly 

distributed microstructure, few by-products produced, and environmental-friendly production 

[29–32]. 

The tradition preparation process of partially stabilised zirconia materials through the 
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electric arc furnace method are plagued with several issues such as high processing 

temperature, long operation time, large energy consumption, and high production cost [14]. 

Meanwhile, the recent studies have elucidated the alternative applications of microwave 

heating to replace conventional heating on the preparation of ZrO2 materials doped with CaO 

stabilizer, and highlighted that microwave technology presents excellent effects on the 

microstructure characteristics and phase stability properties of CaO-ZrO2 materials, with 

prominent advantages including shorter process time and lower process temperature [2, 10]. 

However, no report has involved with the laboratory-scale experiments focusing on the 

optimization preparation of magnesia partially stabilized zirconia (MgO-PSZ) using 

microwave heating approach. Therefore, in this study, magnesia-PSZ (MgO-PSZ) material 

with enhanced stability and a uniform microstructure was optimally prepared via microwave 

heating at a temperature of 1300 °C for 1 h from ZrO2 sample prepared by electric arc furnace 

melting. The effects of microwave heating on the microstructure, phase stability, and surface 

morphology of the prepared MgO-PSZ material were elucidated by X-ray diffraction (XRD), 

scanning electron microscopy (SEM), Raman spectroscopy, and Fourier transform infrared 

(FT-IR) spectroscopy. 

 

2 Materials and methods 

2.1 Materials 

The as-received raw ZrO2 sample was smelted by an electric arc furnace in a factory in 

Zhengzhou, Henan Province, P.R. China. The results of chemical composition analysis of the 

as-received ZrO2 sample were provided by an affiliated analysis institution. It can be observed 
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from Table 1 that ZrO2 is the main component of the as-received sample, which accounts for 

92.4% of the sample. Meanwhile, there are traces of MgO, SiO2, Al2O3, Fe2O3, and TiO2 in 

the sample, wherein a content of 4.0% of magnesium oxide (MgO) can be noticed. 

The XRD pattern of the as-received ZrO2 sample is depicted in Fig. 1. Moreover, the 

peaks in this XRD pattern were identified by referring to the standard cards of c-ZrO2 (JCPDS: 

49-1642), m-ZrO2 (JCPDS: 37-1484), and t-ZrO2 (JCPDS: 42-1164). As can be seen in Fig. 1, 

the diffraction peaks of m-ZrO2 appear at 2θ = 28.29° and 2θ = 31.58°, and the diffraction 

peak of c-ZrO2 appears at 2θ = 35.08°, confirming that the raw ZrO2 sample contained 

m-ZrO2 and c-ZrO2 phases; meanwhile, the main diffraction peaks of t-ZrO2 appear at 2θ = 

30.18°, 2θ = 35.15°, and 2θ = 50.40°. However, the diffraction peaks of t-ZrO2 overlap with 

those of c-ZrO2, indicating that the existence of t-ZrO2 in the raw ZrO2 sample is uncertain. 

Moreover, the diffraction peaks of a separate MgO phase are absent in the as-received sample, 

indicating that all of the MgO components enter the lattice nodes of ZrO2 and form a stable 

replacement solid solution structure with ZrO2. In summary, it was concluded that the 

as-received ZrO2 sample was the MgO-PSZ material. 

2.2 Instrumentation and procedure 

The application of microwave heating was expected to improve the performance and 

stability of the MgO-PSZ material. Microwave heating experiments for MgO-PSZ materials 

were conducted in a microwave heating furnace (RWS-6, WYWAVE), which the microwave 

furnace was manufactured by the Key Laboratory of Unconventional Metallurgy of Ministry 

of Education attached to Kunming University of Science and Technology (Kunming City, 

Yunnan Province, P.R. China). The schematic of the equipment is demonstrated in Fig. 2. The 
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components of the microwave furnace included a microwave energy feeding system, a 

microwave cavity, a water-cooling system, a heat preservation system, a crucible, an exhaust 

system, a computer control system, and an infrared thermometer. 

Before microwave heating, the as-received sample was placed in a drying oven 

(DHG9079A, Shanghai Yiheng Scientific Instrument Co., Ltd) and subjected to drying at 

105 °C for 12 h. Subsequently, 50.0 g of the dried sample was weighed and equally 

distributed into 5 parts using an electronic balance (CP114, Shanghai Ohaus Instrument Co., Ltd). 

Afterwards, the five divided samples, each with a mass of 10.0 g, were introduced into the 

microwave furnace and processed at heating temperatures of 900 °C, 1000 °C, 1100 °C, 

1200 °C and 1300 °C, with a holding time of 1 h and a microwave power constant of 3 kW. 

After completing the heating experiments, the heated samples were naturally cooled and 

collected for subsequent analysis, wherein the analysis of phase stability properties was 

expected to yield the optimal heating temperature. Therefore, by controlling the heating 

temperature at an optimal parameter value, the effects of holding time on the stability of the 

MgO-PSZ sample were investigated; moreover, different holding times of 1 h, 2 h, 3 h, and 4 

h were employed. In a manner similar to that followed in the case of the heating experiments, 

the insulated samples were naturally cooled and collected after reaching the specific holding 

time. 

2.3 Characterisation 

The phase transitions of the raw MgO-PSZ sample (i.e., the as-received ZrO2 sample) 

and the microwave-heated MgO-PSZ sample were investigated using an X-ray diffractometer 

(D8 ADVANCE A25×, Bruker, Germany), wherein Cu target Ka-ray (=1.54056 Å) was used 
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as the target source, the tube voltage was 40 kV, and the tube current was 20 mA; moreover, 

the samples were scanned in the θ-2θ step-scan mode at a scan rate of 5°/min in the range of 

10°–100°. The chemical structures of the raw and microwave-heated MgO-PSZ samples were 

characterised using a confocal Raman spectrometer (InVia, Renishaw, UK), equipped with an 

Ar
+
 laser in the spectral scattering detection range of 100 cm

-1
–800 cm

-1
. The surface 

functional groups of the raw and microwave-heated MgO-PSZ samples were determined 

using an FT-IR spectrometer (NICOLET-IS10, USA). FT-IR experiments of MgO-PSZ 

samples were performed using pure potassium bromide (KBr) mixed with the samples at a 

ratio of 100:1 and in the scanning spectral range of 4000 cm
-1

–500 cm
-1

. The microstructures 

of the raw and microwave-heated MgO-PSZ samples were analysed using a field-emission 

scanning electron microscope (XL30 ESEM-TM, Philips, Netherlands), with the acceleration 

voltage and resolution set at 30 kV and 3 nm, respectively. 

 

3 Results and discussion 

3.1 Phase stability properties analysis 

The phase stability properties of ZrO2 materials are commonly determined by calculating 

their stability rates. Additionally, the superiority of the microwave heating approach can be 

evaluated by comparing the phase stability properties of the raw and microwave-heated 

MgO-PSZ samples. The stability rates of the raw and microwave-heated MgO-PSZ samples 

were calculated using the following equation [33, 34]: 

               
                   

                                                           
      (1) 

where intensity of 29.92° denotes the intensity of c-ZrO2 diffraction peak, and intensities of 
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28.06° and 31.24° indicate the intensities of m-ZrO2 diffraction peaks. Thus, the stability rate 

of the raw MgO-PSZ sample was 81.19%, as calculated using Eq. (1). The effects of 

microwave heating temperature and holding time on the phase stability properties of 

MgO-PSZ ceramics were explored, and are depicted in Fig. 3. 

The effects of heating temperature on the phase stability properties of the 

microwave-heated MgO-PSZ samples that were processed under a holding time of 1 h are 

depicted in Fig. 3(a). As shown in Fig. 3(a), the phase stability properties of the MgO-PSZ 

samples significantly improved with the introduction of microwave heating. Specifically, after 

microwave treatment at 900 °C for 1 h, the stability rate of the MgO-PSZ sample improved 

from the initial value of 81.19% to 83.01%; furthermore, the stability rate improved from 

83.01% to 94.82% with an increase in the heating temperature from 900 °C to 1300 °C, and 

the peak of the stability rate appeared at 1300 °C. Therefore, based on Eq. (1), it can be 

surmised that the increase in heating temperature promoted the progress of the martensitic 

transformation of ZrO2 materials, and thus led to a gradual phase change and corresponding 

grain growth [7, 8]. With an increase in treatment temperature, the m-ZrO2 content gradually 

decreased and transformed into t-ZrO2; thereby, the phase structure of the microwave-heated 

MgO-PSZ sample remained stable under normal temperature [9, 10]. Moreover, it can be 

observed from Fig. 3(a) that the stability rate improved from 94.61% to 94.82% with an 

increase in the heating temperature from 1200 °C to 1300 °C, with a slight increment of the 

stability rate. Therefore, it could be speculated that the continue increase of temperature 

(higher than 1300 °C) is unbeneficial to improve the stability rate; on the contrary, it may 

cause a decrease. In summary, the optimal heating temperature was determined at 1300 °C.  



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

The effects of holding time on the phase stability properties of the microwave-heated 

MgO-PSZ samples that were processed at a constant microwave treatment temperature of 

1300 °C are depicted in Fig. 3(b). As shown in Fig. 3(b), the stability rate of the 

microwave-heated MgO-PSZ sample exhibited a volatile trend with an increase in the holding 

time, which manifested as a change of the stability rate. The stability rate firstly decreased, 

subsequently increased, and finally decreased. The extension of the holding time under the 

same heating temperature led to an increase in the extent of the phase change in the MgO-PSZ 

sample, which further caused a fluctuation in the stability rate. For the experimental groups 

with holding times of 1 h and 2 h, the stability rates were 94.82% and 93.72%, respectively. 

Similarly, for the experimental groups with holding times of 3 h and 4 h, the stability rates 

were 94.50% and 91.06%, respectively. This variation in stability rates across the 

experimental groups with different holding times was mainly ascribed to the transformation of 

t-ZrO2 into m-ZrO2, which resulted from the extension of the holding time caused a decrease 

in both the content of the stable phase and the stability rate [9, 10]. Accordingly, it was found 

that the stability rate improved from 93.72% at 2 h to 94.50% at 3 h. Moreover, it can be 

inferred that these two effects act simultaneously, which in turn leads to fluctuations in the 

stability rates of the microwave-heated MgO-PSZ samples. From the above analysis, the 

optimal holding time was determined to be 1 h. 

At present, partially stabilised zirconia (PSZ) materials in the industrial production 

mainly adopt the electric melting method, which has disadvantages such as high process 

temperature (above 1400 °C), long processing time (about 17 h), high consumption of carrier 

materials, and difficult equipment maintenance [35]. Regarding the related reports on the 
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traditional preparation of MgO-PSZ materials, Jiang et al. investigated the structure and 

mechanical properties of magnesia partially stabilized zirconia during cyclic heating and 

cooling from room temperature to 1450 °C, and found that increasing heating temperature 

promoted the increase of the phase stability properties and bending strength of MgO-PSZ [36]; 

besides, Guo et al. prepared 3.5 wt% magnesia partially stabilized zirconia (Mg-PSZ) 

refractory with an optimized sintering temperature of 1670 °C [37], and Li et al. have 

prepared CaO-doped partially stabilized zirconia with a heating temperature of 1450 °C and a 

holding time of 4 h [15]. Hence, compared with those traditional preparation experiments of 

MgO-PSZ materials, the advantages of microwave-sintered were prominent, such as the 

holding time decreased by 3 h and the heating temperature decreased by 150 °C. 

3.2 XRD characterisation and analysis 

By exploring the effects of holding time and heating temperature on the phase stability 

properties of the MgO-PSZ samples, the optimised preparation parameters of the MgO-PSZ 

sample via microwave heating were obtained, with a microwave heating temperature of 

1300 °C and a holding time of 1 h. Based on the optimised parameters, the effects of 

microwave heating on the phase transitions of the MgO-PSZ sample were determined via 

XRD characterisation. 

The XRD pattern of the MgO-PSZ sample optimally prepared via microwave heating at 

1300 °C for 1 h is illustrated in Fig. 4. As depicted in Fig. 4, the phase composition of this 

microwave-heated MgO-PSZ sample was a mixture of three crystal phases, namely c-ZrO2, 

m-ZrO2, and t-ZrO2. In the mixture, the dominant component was the c-ZrO2 phase, and the 

minor component was the m-ZrO2 phase; moreover, the corresponding stability rate was 
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94.82%. Compared with the raw MgO-PSZ sample (Fig. 1), the c-ZrO2 diffraction peaks at 2θ 

= 30.12°, 2θ = 35.08°, and 2θ = 50.40° were stronger in the case of the microwave-heated 

MgO-PSZ sample. Additionally, the diffraction peaks for m-ZrO2 phase at 2θ = 28.29° and 2θ 

= 31.58° became weaker, and the t-ZrO2 phase was detected in the microwave-heated 

MgO-PSZ sample, which was attributed to the decreased content of m-ZrO2. Therefore, it was 

inferred that the heating temperature of 1300 °C was favourable for the conversion of m-ZrO2 

to t-ZrO2 [7, 8]. The remaining m-ZrO2 included two parts: one part was the remaining 

m-ZrO2 that failed to transform into t-ZrO2, and the other part was m-ZrO2 that formed by the 

reversible martensitic conversion of t-ZrO2 to m-ZrO2 during the cooling process. 

3.3 Raman characterisation and analysis 

The Raman spectra of the raw MgO-PSZ sample and microwave-heated MgO-PSZ 

sample are presented in Fig. 5. In the case of the raw MgO-PSZ sample, Raman vibration 

characteristic peaks were observed at 285.2 cm
-1

, 319.2 cm
-1

, 374.8 cm
-1

, and 403.5 cm
-1 

(see 

Fig. 5(a)). Among these Raman peaks, the Raman peak at 285.2 cm
-1

 and 319.2 cm
-1

 were 

caused by the Eg vibration of t-ZrO2; moreover, the Raman peaks at 374.8 cm
-1

 and 403.5 

cm
-1 

resulted from the Bg vibration of m-ZrO2. Therefore, based on the XRD and Raman 

analyses results (Fig. 1 and Fig. 5(a)) obtained for the raw MgO-PSZ sample, all three crystal 

structures were found to be present in the raw MgO-PSZ sample, namely m-ZrO2, t-ZrO2, and 

c-ZrO2. 

In the case of the MgO-PSZ sample optimally prepared via microwave treatment at 

1300 °C for 1 h, four Raman peaks appeared at 285.8 cm
-1

, 319.2 cm
-1

, 355.8 cm
-1

 and 376.5 

cm
-1

 (see Fig. 5(b)). The Raman peak at 285.8 cm
-1

 and 319.2 cm
-1

 were ascribed to the Eg 
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vibration of t-ZrO2; moreover, the Raman peaks at 355.8 cm
-1

 and 376.5 cm
-1 

were caused by 

the Bg vibration of m-ZrO2. Further, based on the Raman analysis results obtained for the raw 

MgO-PSZ sample and microwave-heated MgO-PSZ sample (Fig. 5(a) and Fig. 5(b)), it was 

found that the peak intensity of m-ZrO2 was weak in the case of the microwave-heated 

MgO-PSZ sample, and the peak intensity of t-ZrO2 decreased. This indicated that the m-ZrO2 

phase in the sample transformed into the t-ZrO2 phase at 1300 °C, which resulted in an 

improvement in the stability rate of the MgO-PSZ sample. 

3.4 FT-IR characterisation and analysis 

The FT-IR spectra of the raw MgO-PSZ sample and microwave-heated MgO-PSZ 

sample are illustrated in Fig. 6. In the case of the raw MgO-PSZ sample (Fig. 6(a)), five 

characteristic FT-IR peaks appeared at 545.50 cm
-1

, 1013.39 cm
-1

, 1416.46 cm
-1

, 1643.53 

cm
-1

,
 
and 3447.56 cm

-1
. Among these FT-IR peaks, the peak located at 545.50 cm

-1
 resulted 

from the contraction vibrations of Zr-O bonds, that peak at 1013.39 cm
-1 

was assigned to the 

bending vibrations of O-H bonds, and that at 1416.46 cm
-1

 was caused by the adsorbed CO2 

from air. Additionally, the characteristic peaks at 1643.53 cm
-1

 and 3447.56 cm
-1 

were 

ascribed to the bending vibrations of H-O-H bonds and the contraction vibrations of O-H 

bonds on the sample surface, respectively. In agreement with the XRD and Raman analysis, 

the contraction vibrations of the Zr-O bonds appeared in the FT-IR spectrum, which resulted 

from the infrared vibrations caused by the three crystal structures of ZrO2. 

In the case of the MgO-PSZ sample optimally prepared via microwave heating at 

1300 °C for 1 h, the infrared vibration peaks appeared at 513.26 cm
-1

, 1067.37 cm
-1

, 1399.48 

cm
-1

, 1617.24 cm
-1

, and 3447.47 cm
-1

 (Fig. 6(b)). The characteristic peak located at 1399.48 
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cm
-1

 was caused by the adsorbed CO2 from air, which corresponded to the assignment of raw 

characteristic peak at 1416.46 cm
-1

. The characteristic peak located at 1067.37 cm
-1 

was 

assigned to the bending vibrations of O-H bonds, which corresponded to the assignment of 

raw characteristic peak at 1013.39 cm
-1

. Based on comparison with the raw characteristic peak 

at 1643.53 cm
-1

, it was inferred that the peak at 1617.24 cm
-1

 was caused by the bending 

vibrations of H-O-H bonds. The characteristic peak at 3447.47 cm
-1 

was caused by the 

contraction vibrations of O-H bonds on the sample surface. Furthermore, the peak at 513.26 

cm
-1

 was assigned to the contraction vibrations of Zr-O bonds. Based on a comparison with 

the characteristic peak at 545.50 cm
-1

 in the case of the raw MgO-PSZ sample, it was found 

the characteristic peak assigned to the contraction vibrations of Zr-O bonds shifted to a lower 

wavenumber (513.26 cm
-1

) in the case of the microwave-heated MgO-PSZ sample, which 

indicated a red shift. The red shift was attributed to the martensitic transformation of ZrO2 

caused by the temperature change during the microwave heating process. The martensite 

transformation under the heating temperature (1300 °C) mainly manifested as a 

transformation from m-ZrO2 to t-ZrO2, which led to the enhancement in the phase stability of 

the MgO-PSZ sample. 

3.5 SEM characterisation and analysis 

The microstructures of the raw MgO-PSZ sample and the MgO-PSZ samples optimally 

prepared via microwave heating were compared by SEM characterisation; and the 

corresponding microstructures are shown in the SEM images in Fig. 7. For the raw MgO-PSZ 

sample (Figs. 7(a) and 7(b)), the particle shape was irregular; moreover, both the particle size 

and particle structure were uniform. For the MgO-PSZ sample optimally prepared via 
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microwave heating, the edges of the crystalline grains became smooth, and the clumping 

effect appeared between grains. In addition, the grains piled up and overlapped each other, 

which caused some grains to appear abnormally large, as observed from Fig. 7(c). Moreover, 

the surface of the microwave-heated MgO-PSZ sample became relatively smooth in contrast 

to the raw MgO-PSZ sample, with fine grains and few pores on the surface, as displayed in 

Fig. 7(d). Furthermore, the grain size was relatively more uniform, which indicated that 

microwave heating promoted the mutual fusion of the ZrO2 grains with MgO acting as a 

stabiliser, contributing to the improvement in the phase stability of the MgO-PSZ sample. 

 

4 Conclusions 

In this study, microwave heating mean was applied to prepare MgO-PSZ materials 

instead of the traditional electric melting method, and the phase stability, microstructure, and 

surface morphology of MgO-PSZ material prepared by microwave heating were 

systematically investigated. The aim of this study was to optimise the preparation process of a 

MgO-PSZ sample. The results indicated that under microwave treatment at a heating 

temperature of 1300 °C for 1 h, the stability rate of the MgO-PSZ sample improved sharply 

from 81.19% to 94.82%. An increase in the microwave heating temperature contributed to the 

improvement in the stability of the MgO-PSZ sample. XRD and Raman analyses 

synchronously revealed a considerable increase in the t-ZrO2 content and a significant 

decrease in the m-ZrO2 content, which resulted from the martensitic conversion of ZrO2 

material with temperature change. Moreover, the martensitic conversion also caused a red 

shift related to the infrared vibration peak resulting from the contraction vibration of Zr-O 
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bonds. Additionally, the microwave-heated MgO-PSZ sample presented a smoother surface 

and more uniformly distributed microstructure compared with the raw MgO-PSZ sample, 

indicating that microwave heating promoted the mutual fusion of the ZrO2 grains with MgO 

acting as a stabiliser, which further lead to uniform microstructure and enhanced phase 

stability of MgO-PSZ material. The introduction of microwave heating approach efficiently 

improved the tricky technical defects during the traditional electric arc furnace method, 

manifested by the heating temperature decreased by 150 °C, the holding time decreased by 3 

h, and more uniform microstructure and enhanced stability properties. This work can provided 

a sound reference for the extended applications of microwave heating technology to the 

zirconia materials doped with various stabiliser. 
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Table captions 

Table 1 Chemical composition of the as-received raw zirconia sample 
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Figure captions 

Fig. 1 XRD pattern of the as-received raw zirconia sample. 

Fig. 2 Schematic of microwave heating furnace. 

Fig. 3 Effects of (a) heating temperature and (b) holding time on the stability properties of 

MgO-PSZ samples. 

Fig. 4 XRD pattern of the microwave-heated MgO-PSZ sample at 1300 °C for 1 h. 

Fig. 5 Raman spectra of (a) the raw MgO-PSZ sample and (b) the microwave-heated 

MgO-PSZ sample at 1300 °C for 1 h. 

Fig. 6 FT-IR spectra of (a) the raw MgO-PSZ sample and (b) the microwave-heated 

MgO-PSZ sample at 1300 °C for 1 h. 

Fig. 7 SEM images of the MgO-PSZ samples before and after microwave heating; (a) the raw 

sample, 5000×; (b) 5000×; (c) the microwave-heated sample at 1300 °C for 1 h, 5000×; (d) 

10000×. 
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Table 1 Chemical composition of the as-received raw zirconia sample 

Composition ZrO2 MgO SiO2 Al2O3 TiO2 Fe2O3 

Mass/W% 92.4 4.0 2.3 1.0 0.2 0.1 
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Fig. 1 XRD pattern of the as-received raw zirconia sample. 
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Fig. 2 Schematic of microwave heating furnace. 
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Fig. 3 Effects of (a) heating temperature and (b) holding time on the stability properties of 

MgO-PSZ samples. 
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Fig. 4 XRD pattern of the microwave-heated MgO-PSZ sample at 1300 °C for 1 h. 
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Fig. 5 Raman spectra of (a) the raw MgO-PSZ sample and (b) the microwave sintered sample 

at 1300 °C for 1 h. 
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Fig. 6 FT-IR spectra of (a) the raw MgO-PSZ sample and (b) the microwave sintered sample 

at 1300 °C for 1 h. 
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(a)                                    (b) 

  

(c)                                    (d) 

Fig. 7 SEM images of the MgO-PSZ samples before and after microwave heating; (a) the raw 

sample, 5000×; (b) 5000×; (c) the microwave-heated sample at 1300 °C for 1 h, 5000×; (d) 

10000×. 
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