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Abstract

In studies conducted on two ceramic materials,
namely a porous alumina and a dense zirconia, it is
shown that a simple acoustic emission experiment
can provide valuable information on the processes of
thermal shock degradation in the materials.

Acoustic emission technique for thermal shock
damage evaluation of ceramics is particularly
attractive because it is non-destructive and it gives
in-situ information. However, the complexity of
the acoustic emission (AE) response of a material
makes the quantitative analysis difficult to achieve.!
Konsztowicz?® used AE for detecting the damag-
ing of refractory or high thermal shock resistance
ceramics quenched in silicon oil, but he has not
made any direct correlation between the acoustic
emission activity and the number of cracks formed.
He has also pointed out that not all the signals
recorded couid be directly related to strength
degradation. AE was also used in rising thermal
shock by laser irradiation in order to monitor the
degradation of thermal barrier coating.*

The goal of this work is to show direct relations
between AE and thermal shock degradation on
relatively dense material, in order to use this tech-
nique for monitoring a thermal shock apparatus.

For this purpose thermal shock tests were con-
ducted on two commercial ceramic materials, a
coarse grain porous alumina (grade AL24,
Degussa, Germany) and a magnesia partially
stabilised zirconia (grade Z500, Morgan Matroc,
UK). Thermal shock tests consisted of heating the
specimens to various high temperatures and to
cool them by jet air as described elsewhere.’
Acoustic emission response of the specimen was
recorded with piezoelectric sensor (Bruel & Kjaer
sensor, model 8313, resonance frequencies: 250
kHz) connected to a pre-amplifier (Bruel & Kjaer
sensor, model 2637, fixed gain: 40 dB) and a main
amplifier (Bruel & Kjaer sensor, model 2638, vari-
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able gain: 20 dB chosen) leading to a total gain of
60 dB, as described by Peigné.® The AE trans-
ducer is clamped at the end of a wave guide which
plays also the role of a specimen holder (Fig. 1).
The envelope of the AE signals delivered by the
amplifier is sampled at a frequency of 10 kHz by
means of digital/analogical converter driven by a
micro-computer. Rectangular flexure specimens of
dimensions 4 X 6 X 40 mm?> were used. The speci-
mens were cooled during 6 s at room temperature
by 2 jet air nozzles. This cooling time was shown
to be longer than the degradation duration. Dur-
ing the cooling, the acoustic emission was
recorded. Alumina specimens were tested as
ground and zirconia specimen were polished at 3
pm. Special care regarding subeutectoid ageing
treatment was accorded to enhance mechanical
properties of Mg—PSZ and to remove residual
stresses. The resistance to thermal shock was eval-
uated in terms of elastic modulus variations and
retained strength as shown in Fig. 2. At a critical
thermal shock temperature AT¢, both elastic mod-
ulus and retained strength decrease. The number
of acoustic emission events is also reported in Fig.
2. Note that the apparition of the first acoustic
emission event takes place for the critical thermal
shock temperature. This suggests that the degra-
dation is effectively correctly recorded and that
it occurs by unstable crack propagation. The
number of acoustic peaks increases linearly when
increasing the severity of the thermal shock. The
critical thermal shock temperature difference is
found to be ATc¢ = 670°C for Mg-PSZ and ATc =
700°C for alumina. Thermal, elastic and mechani-
cal properties of these two materials are quite diff-
erent but their combination leads to similar ATc
values. It is worth noting that the thermal shock
behaviour of the alumina is quite different from
that of the Mg-PSZ. After ATc, the retained
strength of the alumina material is about 0-5 oy
which is higher than the 0-15 oy retained strength
measured in Mg-PSZ. The elastic modulus
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Fig. 1. Thermal shock device.
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Fig. 2. Relative variation of retained strength ((J), modulus

of elasticity (@) and number of AE events (X ) as a function

of thermal shock temperature difference for alumina and
Mg-PSZ materials.

exhibits the same phenomena and its decrease
with temperature is lower for the alumina than for
the zirconia material. This means that the studied
alumina behaves like a refractory material.

It is to be recalled that the thermal stress field is
such that tensile stresses arise parallel to the
surface, which leads to crack initiations from the
surface. They could be easily observed by dye
penetrant on the nearly dense zirconia material
but the high amount of porosity in alumina mate-
rial did not allow direct crack observation. In the

case of zirconia specimen the number of acoustic
emission events could be correlated with the num-
ber of cracks at the surface of the body. The num-
ber of cracks induced by a thermal shock
temperature near the critical temperature is low
and easy to count. For higher thermal shock tem-
perature differences the number of cracks strongly
increases and the counting is difficult to achieve.
Pictures were therefore taken from each side of
the specimen and assembled together in order to
represent a projection of the whole surface and to
make the counting easier (see Figs 3(a) and (b)).
The number of events in an acoustic emission
response was counted with a computer treatment.
The surface projection of a Mg—PSZ sample sub-
jected to a thermal shock temperature of 714°C is
represented in Fig. 3(a), and its associated acous-
tic emission response is represented in Fig. 4(a).
Note that each crack corresponds to an AE peak.
Figures 3(b) and 4(b) show the same phenomena
but for a thermal shock temperature of 961°C
leading to a higher crack density. Figure 5 shows
the correlation between the number of cracks and
the number of AE events for all the tested thermal
shock temperatures. It appears clear that each
crack propagation is associated to an AE peak;
the error for the highest thermal shock tempera-
ture resulting from the way to count the cracks.
This result suggests that the simple AE treatment
conducted here can precisely enable us to record
the degradation occurring during thermal shock.
It might be especially useful for porous material

(b)

Fig. 3. (a) Damaged surface projection of a Mg-PSZ speci-

men for a thermal shock temperature difference of 714°C; (b)

Damaged surface projection of a Mg-PSZ specimen for a
thermal shock temperature difference of 961°C.
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Fig. 4. (a) AE response of a Mg-PSZ specimen subjected to a
thermal shock temperature difference of 714°C corresponding
to the damaged surface shown in Fig. 3(a) (The amplitude is
given in mV at the output of the sensor before the amplifica-
tion of 60 dB); (b) AE response of a Mg-PSZ specimen
subjected to a thermal shock temperature difference of 961°C
corresponding to the damaged surface shown in Fig. 3(b)
(The amplitude is given in mV the output of the sensor before
the amplification of 60dB).
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Fig. 5. Correlation between the number of AE peaks and the
number of counted cracks in various Mg-PSZ specimens.

such as the alumina studied here and could also
be extended to refractory materials.

It is also important to note that AE reflects par-
ticular cooling instants that can be associated to
damage events. This is of major interest for such a
transient problem where only final degradation is
otherwise observed.

AE method which gives in situ information can
be advantageously used for thermal fatigue where
the cycling device can be automatically stopped
from the apparition of an AE event.
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