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Abstract 
Zirconia ceramics have become increasingly widely used in recent years and 
are favored by relevant enterprises. From the traditional dental field to aero-
space, parts manufacturing has been used, but there is limited research on the 
deformation and damage process of zirconia ceramics. This article analyzes 
the acoustic emission characteristics of each stage of ceramic damage from 
the perspective of acoustic emission, and explores its deformation process 
characteristics from multiple perspectives such as time domain, frequency, 
and EWT modal analysis. It is concluded that zirconia ceramics exhibit high-
er brittleness and acoustic emission strength than alumina ceramics, and 
when approaching the fracture, it tends to generate lower frequency acoustic 
emission signals. 
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1. Introduction 

In recent years, zirconia ceramic materials have been applied from traditional 
dentistry to aerospace, parts manufacturing, artificial bones and other fields due 
to their advantages of high melting point, wear resistance, corrosion resistance, 
and good biocompatibility [1] [2] [3] [4] [5]. At present, scholars have a strong 
interest in various physical and chemical studies of zirconia, and most of the re-
search on this material focuses on its processing and structural characteristics 
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[6] [7] [8] [9] [10]. There is relatively little research on the characteristics exhi-
bited during crack damage and deformation. The research on ceramic materials 
has a history of several decades, but scholars still have great interest in the study 
of high-performance ceramic properties [11] [12] [13] [14] [15]. Ceramic prod-
ucts are widely used, and when ceramic materials undergo deformation and 
damage, such internal damage and crack propagation are difficult to observe. 
When studying the performance of materials, acoustic emission technology is 
widely used in the field of material monitoring because it relies on the signals 
emitted by the tested object itself to make relevant judgments and analysis, 
which will not cause secondary damage to the material. At the same time, it 
meets the requirements of monitoring the state in complex and invisible envi-
ronments [16] [17]. Guo Li [18] studied the wear status of diamond grinding 
wheels during zirconia ceramic machining and grinding using EMD decomposi-
tion and acoustic emission technology in monitoring the wear status of diamond 
grinding wheels. Sebasti á n E. Gass et al. [19] studied the mechanical properties 
of ceramic materials at high temperatures. Anders Sundh et al. [20] studied the 
application and flexural strength of zirconia ceramic products in dentistry. D. 
Giridhar et al. [21] studied the acoustic emission characteristics of alumina zir-
conia composite ceramics during processing, and obtained the differences in 
acoustic emission characteristics under different processing modes. Chu Liang 
and Chang Zhisheng [22] [23] conducted acoustic emission signal monitoring 
on the Brazilian splitting test process of zirconia toughened alu-mina, and found 
that zirconia toughened alumina ceramics have higher fracture tough-ness 
compared to alumina ceramics without toughening effect. Scholars have also 
con-ducted relevant studies on the fracture toughness of zirconia ceramics under 
different conditions [24] [25] [26] [27]. When studying the deformation and 
damage of zirconia ceramics, many cracks are excited. There are many ways to 
study material cracks, including the ratio of rise ratio to peak amplitude, ringing 
count, signal analysis, etc. [28] [29]. This article conducts acoustic emission 
monitoring on the stress damage process of 99 type alumina and 95 type zirco-
nia, in order to obtain the crack evolution law and acoustic emission characteris-
tics of different damage stages of the two materials. 

2. Experimental Materials and Plans 

The materials used in this experiment are all from Suzhou Qianen Special Ce-
ramics Company in China. The new type of zirconia ceramics has many un-
known characteristics compared to traditional alumina ceramics. In the experi-
ment, the acoustic emission characteristics of 99 type alumina ceramics and 95 
type zirconia ceramics, which are commonly seen in the market, were compared 
when subjected to deformation damage under external forces. This can provide a 
mechanism for material fracture, prevent possible ad-verse effects, or provide 
valuable reference for material process progress. Among them, Type 99 alumina 
is a high-purity alumina ceramic, while Type 95 zirconia ceramic is a yttrium 
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stable type with a yttrium oxide content of about 5%. The experimental system 
diagram is shown in Figure 1. The experimental materials are 95 zirconia ce-
ramic and 99 alumina ceramic, with five parts each, and the specifications are 60 
* 10 * 5 mm for both materials. 

The percolation theory of acoustic emission suggests that the crack damage of 
ceramics is caused by the continuous propagation of internal cracks under ex-
ternal stress [30] [31]. By applying a constant speed external force to the experi-
mental specimen, the crack damage of ceramic specimens under external force is 
simulated, and the acoustic emission signals of each stage are monitored through 
the acoustic emission system. The loading speed used in the experiment is all 0.1 
mm/min, with a span of 60 mm. The experimental plan is to apply mechanical 
stress downwards at a constant speed until the ceramic plate fractures. 

3. Experimental Results and Signal Analysis 
3.1. Material Counting Rate Analysis 

Acoustic emission count refers to the number of times an instrument collects 
waveforms that exceed the set threshold per unit time. Generally speaking, the 
higher the ring count, the more frequent the acoustic emission activity. It has 
important reference significance in studying material damage and crack propa-
gation. For the convenience of observing 95 zirconia in units of 10 seconds and 
99 alumina in units of 5 seconds, count their ringing times. From Figure 1, it 
can be seen that the fracture process of 95 zirconia ceramics collected more 
ringing counts, indicating that its material strength is much higher than that of 
99 type alumina, as the former requires higher fracture energy for fracture. The 
acoustic emission process of these two materials can be divided into the follow-
ing stages based on the variation of ringing count over time. Firstly, there is 95 
type zirconia ceramic, with 0 - 50 s as the initial compaction stage, 50 - 450 s as  
 

 

Figure 1. Ring counting analysis of two types of ceramics. 
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the crack propagation stage, and 450 - 496 s as the critical instability stage. Next 
is the 99 type alumina ceramic, which is in the initial compaction stage from 0 to 
30 seconds, the crack propagation stage from 30 to 100 seconds, and the critical 
instability stage from 100 to 110 second. 

3.2. Signal and Energy Analysis of Materials 

Figure 2 and Figure 3 represent the time-frequency domain of 95 type zirconia 
and 99 type alumina, respectively. The upper half of each figure is a time-domain 
graph, and the lower half is the corresponding frequency-domain graph. It can 
be observed that the amplitude in the time domain is relatively low during the 
initial compaction stage, and the proportion of high-frequency components is 
higher than the other two stages. The signal amplitude collected at the critical 
instability point is the highest, while the low-frequency component content in-
creases. In the later stage of fracture, it can be clearly detected that the low-fre- 
quency signal components reach high values, and the amplitude of the signal in 
the time domain is also high. The critical instability point is the time close to 
fracture, and the later stage of fracture refers to the end of the fracture process. 
The interval between their experiments usually does not exceed 2 seconds. It can 
be considered that there is a risk of fracture in ceramic materials when a large 
number of low-frequency component acoustic emission signals are detected. 95 
type zirconia ceramics emit more and stronger signals when subjected to force 
fracture than 99 type zirconia ceramics. 

Now, analyzing the acoustic emission signals collected from the critical insta-
bility points in Figure 2 and Figure 3, the EMD (Empirical Mode Decomposi-
tion) method is considered suitable for handling nonlinear and non-stationary 
signals, but it has drawbacks such as mode aliasing and high computational 
complexity. EWT [32] (Empirical Mode Decomposition) solves the problem of 
mode aliasing caused by improper convergence conditions in EMD decomposi-
tion, with smaller computational complexity and fewer modes. However, the 
various modes obtained from EWT decomposition need to be screened and 
evaluated. The traditional method is to directly select based on the spectrum, 
which is suitable for researchers who know their own research frequency band, 
and the screening effect on unknown frequency bands is not good. In response 
to this, the method used in this experiment is EWT + kurtosis + correlation 
analysis. EWT related formulas 1 and 2 are shown. 
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Figure 2. Signal diagram of type 95 zirconia ceramic. 
 

 

Figure 3. Signal diagram of Type 99 alumina ceramic. 
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where in ( ) ( )4 2 335 84 70 20x x x x xβ = − + − , n > 0, ( )nϕ ω  represents the em-
pirical wavelet function, ( )nϕ ω  represents the empirical scale function, ωn 
represents the center frequency of each frequency band, τn represents the boun-
dary bandwidth. 

The critical point signal analysis of 95 zirconia is shown in Figure 4. It can be 
seen that EMD decomposes into 8 IMF components and 1 res component. The 
correlation coefficients of IMF1-IMF8 are 0.931, 0.301, 0.018, 0.005, 0.003, 0.004, 
0.003, −0.002, and 0.001, respectively. At the same time, the kurtosis of 
IMF1-IMF8 are 8.007, 8.570, 8.396, 11.073, 5.175, 7.341, 4.425, 2.297, and the  

https://doi.org/10.4236/msce.2024.122005


Q. C. Fu, Y. S. Lai 
 

 

DOI: 10.4236/msce.2024.122005 66 Journal of Materials Science and Chemical Engineering 
 

 

Figure 4. Empirical mode decomposition of critical instability point for 95 type zirconia ceramics. 

 
kurtosis of the res component is 2.771. The EWT de-composition of the signal is 
shown in Figure 5, and it can be observed that the modes are significantly re-
duced, with a total of one mra component and one res component. The correla-
tion coefficient of mra1 is 0.776, with a kurtosis of 12.636, and the correlation 
coefficient of res is 0.770, with a kurtosis of 7.378. The range of correlation coef-
ficient values is [−1, 1], and the closer the correlation coefficient is to 1, the more 
similar the two signals are. Kurtosis represents the distribution of signal ex-
tremes, and generally, larger values contain more noise. From the above, it can 
be seen that EMD decomposes into many invalid modes, which are difficult to 
analyze. But EWT decomposed fewer modes, relatively easier to analyze. Ac-
cording to the kurtosis and correlation criteria, the res mode decomposed by 
EWT is more representative of the signal, indicating that the critical point signal 
has more relative low-frequency components. 

Figure 6 shows the analysis of the critical point signal of 99 alumina, which is 
still divided into two modes. The correlation coefficient of mra1 is 0.093, with a 
kurtosis of 73.377, and the correlation coefficient of res is 0.999, with a kurtosis 
of 18.744. By relying on the above evaluation criteria, the res mode can better 
represent the characteristics of the original signal, and it can also be concluded 
that the critical point signal has more low-frequency components. 

Table 1 and Table 2 respectively summarize the energy and amplitude cha-
racteristics of each stage. It can be seen that the 95 type zirconia ceramic releases 
less acoustic emission energy in the initial stage of the bending experiment, and 
its acoustic emission energy is mainly generated during the crack propagation 
stage. The highest amplitude of the acoustic emission signal was detected during 
the final instability stage, but the number of acoustic emission energies exceed-
ing 200 mV * us was not very high. However, during the initial compaction  

https://doi.org/10.4236/msce.2024.122005


Q. C. Fu, Y. S. Lai 
 

 

DOI: 10.4236/msce.2024.122005 67 Journal of Materials Science and Chemical Engineering 
 

 

Figure 5. Empirical wavelet transform of critical instability point for 95 type zirconia ce-
ramics. 
 

 

Figure 6. Modal decomposition of critical instability points for type 99 alumina ceramics. 
 

Table 1. Characteristics of acoustic emission process of 95 zirconia ceramics. 

Damaged stage 
Maximum  

energy/(mV*us) 
Maximum  

amplitude/dB 
AE count (energy 

>200mV*us)/times 

0 - 50 s 359.9449 75.8 5 

50 - 450 s 646759.5734 73 1058 

450 - 496 s 443430.2208 98.6 29 

 
Table 2. Characteristics of acoustic emission process of 99 alumina ceramics. 

Damaged stage 
Maximum  

energy/(mV*us) 
Maximum  

amplitude/dB 
AE count (energy 

> 200 mV*us)/times 

0 - 30 s 426.5442 66.7 1 

30 - 100 s 587069.4778 65.3 233 

100 - 110 s 309527.7702 99.2 19 
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stage, the amplitude of the signal remained the same as that of the crack propa-
gation stage, resulting in less acoustic emission energy. There are various reasons 
for this. When the 95 zirconia ceramic first comes into contact with the bending 
mold, the bending mold and the ceramic specimen are running in. During this 
period, the 95 zirconia specimen only bends slightly, and the cracks do not nuc-
leate and expand on a large scale. This is because brittle materials only undergo 
small elastic deformation and do not undergo plastic deformation. And it can 
monitor a certain amplitude of acoustic emission signals. During the crack 
propagation stage, more small cracks are generated and the original cracks ex-
pand. The nucleation and propagation of these cracks generate a large amount of 
acoustic emission signals. In the critical instability stage, the generation of 
acoustic emission energy decreases because small cracks have expanded into 
larger cracks. According to the percolation theory of acoustic emission and pre-
vious research on brittle materials, the propagation of larger cracks in brittle 
materials during the critical in-stability stage will generate low-frequency acous-
tic emission signals. 95% zirconia ceramics also basically conform to this cha-
racteristic. The energy and amplitude performance of 99 alumina ceramics is 
similar to that of 95 zirconia ceramics, but it is worth noting that during the en-
tire acoustic emission process of 99 alumina ceramics, the AE energy released is 
lower, and the proportion in the initial stage is also larger. This indicates that 95 
zirconia ceramics have higher rigidity and brittleness, which is an important 
characteristic that distinguishes their two properties. 

3.3. Characterization of Acoustic Emission Damage Process 

The formation and propagation of cracks in brittle materials under stress dam-
age can stimulate the waveform of acoustic emission signals. The fracture 
process of brittle materials can generally be divided into three stages: crack nuc-
leation, crack propagation, and ultimately unstable fracture. Under external 
forces, ceramic materials will transform into an unstable high-energy state near 
the cracks that originally existed, which will promote the continuous expansion 
of cracks. 

The process of material damage under stress can trigger a large number of 
acoustic emission signals, which are rich in information and contain a lot of 
noise signals. Most of the time, the acoustic emission signals of crack propaga-
tion are mixed with machine noise, instrument noise, collision noise, etc. In 
continuous acoustic emission activities, a joint analysis overview can better re-
flect the original characteristics of material damage and deformation processes. 
As shown in Figure 7 and Figure 8, the load application and amplitude distri-
bution of acoustic emission signals are shown in the figures, and almost the en-
tire acoustic emission process is accompanied by the generation of acoustic 
emission signals. The threshold voltage for acoustic emission set in this experi-
ment is 40dB. As long as it exceeds the threshold voltage, it will be recorded and 
recorded as an acoustic emission impact event. The point with the highest am-
plitude in the acoustic emission impact event is considered to be the acoustic  
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Figure 7. Load and signal amplitude diagram of type 95 zirconia 
ceramics. 

 

 

Figure 8. Load and signal amplitude diagram of type 99 alumina 
ceramics. 

 
emission amplitude. From this, it can be concluded that there are many acoustic 
emission events during the initial compaction stage, which not only involve 
acoustic emission events generated by microcrack propagation, but also those 
generated by machine coupling and friction. Compared to 99 type alumina ce-
ramics, 95 type zirconia ceramics exhibit more overall acoustic emission events, 
and the sudden disappearance of the load curve at the end of the acoustic emis-
sion process once again proves their high brittleness. 

4. Empirical Conclusion 

Through this experiment, we learned the differences in acoustic emission cha-
racteristics between 95 type zirconia ceramics and 99 type alumina ceramics 
during different stages of external force fracture. Overall, the fracture process of 
95 type zirconia ceramics triggers much more acoustic emission signals than that 
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of 99 type alumina ceramics. At the same time, 95 type zirconia has higher 
bending strength and fracture instability. It can also be seen from the graph of 
loading force and acoustic emission amplitude that 95 type zirconia produces 
more acoustic emission events. However, the two types of ceramics also have 
many similarities, such as their deformation and damage processes, which excite 
higher acoustic emission amplitudes during the critical instability stage and can 
monitor a large amount of energy. They tend to emit acoustic emission signals 
with lower amplitudes during the crack propagation stage, and lower frequency 
acoustic emission signals are detected near the fracture stage, which can be con-
sidered as precursors to fracture. EWT decomposition + kurtosis + correlation 
coefficient analysis can more effectively evaluate the acoustic emission characte-
ristics of two types of ceramics at the critical instability stage. 
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