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a b s t r a c t

The mechanical integrity of the sealant material is of key importance for the long-term,

reliable operation of solid oxide fuel/electrolysis cell stacks. However, in-situ monitoring and

detection of potential failures in sealing materials using classical electrochemical character-

ization techniques are difficult tasks. Therefore, in this work, the acoustic emission (AE)

technique is applied to monitor and characterize the failure process of a glass-ceramic sealant

exposed to torsional shear strength at both room and typical stack operation temperature

(750 �C). Hourglass-shaped steel specimens are produced for the tests. A glass-ceramic ma-

terial with two different porosities is used to join the specimens. The failure process is

characterized in terms of AE peak amplitude, AE cumulative hits and AE energy, as well as the

average frequency content of the signals. The results indicate that the degree of microscopic

damage can be determined from the analysis of the AE energy and the fracture mechanisms

can be found by statistical analysis of the average frequency of the signals. The fractured

surfaces are visualized by optical microscopy to unveil that specimens with high porosity

showed a fully cohesive fracture pattern, while specimens with low porosity showed a

partially fracture pattern. As a result, AE method promises to be a potential in-operando

technique for monitoring mechanical failure processes inside solid oxide cell stacks.
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Introduction

Both solid oxide fuel cell (SOFC) and solid oxide electrolysis

cell (SOEC) technologies have been gaining unprecedented

momentum worldwide for low- or zero-emission mobile and

power generation/conversion applications, and also as a

result of their technical performance. On the one hand,

SOFCs feature high electrical efficiency and offer good flexi-

bility, as they can run on either natural gas, coal gas, biogas

or hydrogen [1]. On the other hand, SOECs achieve high

hydrogen (and syngas via the electrolysis of CO2 and steam)

production efficiency through the use of thermal energy,

which significantly decreases demand for electrical energy

[2]. However, both technologies are prone to thermo-

mechanical degradation due to high operating temperatures

and thermal cycling. In this context, one of the components

that receives the most attention is the glass-ceramic sealant

used to stack the cells and metallic plates, as well as to pre-

vent the leakage of gases among them, and electrical insu-

lation [3].

The special interest of the glass-ceramic sealant derives

from the fact that it must withstand the stresses generated

by mechanical loads and by the differences in the physical

and mechanical properties (e.g., thermal expansion co-

efficients, melting points, etc.) of the different materials

[4e6]. All of this is due to the harsh conditions to which they

are subjected. However, monitoring of mechanical integrity

and timely detection of potential failure mechanisms in

sealant materials and ceramic cells has not been possible

until now using current electrochemical characterization

techniques [7e9].

As a result, glass-ceramic sealant materials are the

focus of much research, with a particular emphasis on

their thermomechanical optimization and improvement

[10e12]. In the case of the development of novel glass-

ceramic sealants and the improvement of existing ones,

the Forschungszentrum Jülich in Germany, together with

external partners has to date made important contribu-

tions in the area of fracture analysis [13], modeling by

means of finite analysis [14], as well as the improvement of

the thermomechanical properties of sealants by reinforc-

ing them with other materials [15] or altering their prepa-

ration [16].

At the same time, the current literature contains impor-

tant contributions towards, on the one hand, the develop-

ment of new sealing materials that satisfy the

thermomechanical and thermochemical compatibility be-

tween the different materials [17e20]. Moreover, novel seal-

ants are being produced through the addition of components

such as glass fibers as a reinforcement material, which

promise to achieve highly tight gas sealants for high-

temperature use [21], or the inclusion of alkaline metals in

order to obtain sealants with long-term thermal stability [22].

Under real operating conditions, the sealant is primarily

subjected to tension and shear stresses that can result in its

failure [5,23]. For this reason, thermomechanical character-

ization also plays an important role in understanding the

behavior of sealants at the operating temperatures of stacks.

To date, these have mostly comprised tension [24e26] and
                                                            
                                                          
                                              
bending tests [13,27]; in contrast, torsion tests, although

considered the most suitable for evaluating shear [28], have

been very limited, especially at the actual operating tem-

peratures of SOFC/SOEC stacks. Torsion tests are of partic-

ular interest, because they enable the evaluation and

comparison of the shear stresses yielded by different con-

figurations, which are specially prepared with glass-ceramic

sealants, and tested at room- and high temperatures [29e31].

These results, combined with mathematical computer

models, provide a better comprehension of the stress distri-

bution in the sealant and other components [5,32]. It has also

been shown that thermal aging induced in a glass-ceramic

material may cause a considerable increase in creep resis-

tance but, in turn, a reduction in crack healing capacity [33].

The characterization of the chemical and mechanical

behavior of the interface between the glass-ceramic sealant

and metal interconnections should also be addressed, as the

formation of coating layers, due to the interaction between

them, can be detrimental to the system's integrity over time

[34e36].

However, despite advances in the techniques for evalu-

ating the thermomechanical aspects of solid oxide fuel/

electrolysis cells [37,38], a few investigations have been

performed in which the technique of acoustic emission (AE)

has been used in accordance with the works mentioned

above. The AE technique is a recognized test among the

different non-destructive methods commonly used to detect

and locate mechanical failures in metallic, non-metallic, and

composites structures and components under load [39e41]. It

is noteworthy that the AE signals generated during any

monitoring are generally stochastic in nature, and therefore

statistical methods are commonly utilized in their interpre-

tation [42,43].

In the specific case of glass-ceramic materials, the AE

technique has been used to understand and identify typical

sources of the fracture mechanisms in thesematerials [44e46].

The implementation of this technique during tensile tests, on

these types of materials has demonstrated the discrimination

of fracturemechanisms such asmatrix cracking, delamination,

debonding and fiber breaking [24,47,48]. The utility of the AE

technique in torsion tests, on the contrary, has been more

limited, in particular those performed at stack operating tem-

peratures [49e51]. It seems that, up until now, the AE method

has rarely been applied to the study of the effect of porosity on

the failure behavior of glass-ceramic sealants.

In view of the above, and as far as the authors are aware,

there is still a need to better understand the fracture process

of glass-ceramic sealants under torsional strengths and at

stack operating temperatures, especially when its level of

porosity varies. Therefore, this investigation presents the

application of the AE technique to the monitoring and char-

acterization of the failure process of glass ceramic sealant

specimens; featuring low and high porosity, and exposed to

torsion strength at both room and typical stack operating

temperatures. The comparison is based on the analysis of AE

signal features, namely the amplitude, AE cumulative hits,

and AE energy, as well as the average frequency content of

the signals. Finally, in order to support the analysis, the

fractured surfaces are examined by means of optical

microscopy.
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Experimental

Specimen preparation

The glass-ceramic composite sealant used in the current work

is comprised of a glass matrix of the system BaOeCaOeSiO2

named “H” reinforced with 13 wt.-% yttrium-stabilized-

zirconium oxide (YSZ) fibers [14]. The chemical composition

of glass H was analyzed by inductively coupled plasma optical

emission spectroscopy (ICP-OES) after alkaline pulping to be

48.2 wt.-% for BaO, 6.1% for CaO and 29.8% for SiO2 balanced

by additions of Al2O3, B2O3, V2O5 and ZnO. The composite

sealant of glass H with fibers has a coefficient of thermal

expansion of 9.3 � 10�6 K�1 [52]. Further details on the prep-

aration and chemical composition of glass H are provided in

Refs. [14,53]. The crystallization behavior of the glassmatrix is

investigated in Ref. [54] and the viscous flowing of composites

are explained in Ref. [55]. For the type of tests carried out in the

current work, hourglass-shaped specimens were used as

previously considered in Ref. [31], in particular, the success-

fully developed hollow-full specimen configuration with

annulus shape sealant [15,30,56]. Crofer22H steel was used in

themanufacture of the specimens. An approximately 0.5mm-

thick layer of screen-printed sealant was deposited on one

side of the two halves of the Crofer22H, resulting in final

specimens as illustrated in Fig. 1.

The application of the glass-ceramic sealant was per-

formed by two different organic paste formulations, one of

which caused greater porosity in the specimen after joining.

The screen printing technique was used on an intermediate

carrier foil to obtain green seal gaskets fromwhich the circular

seals were obtained by stamping. A screen printer ESC AT 60

PD of Europa Siebdruckmaschinen Centrum GmbH&Co.KG

was used with polyester screens 8e300 produced by Koenen

GmbH of 560 mm thickness, a mesh width of 950 mm and bot-

tom coating of 350 mm. One of the paste formulations was
Fig. 1 e Illustration of the prepared hollow-

                                                            
                                                          
                                              
based on a butylglycolate binder as described in Ref. [57],

while in the other formulation a-terpineole was used as a

solvent instead of the butylglycolate.

It is important to mention that on some occasions the

binder containing butylglycolate yielded a foam-like porosity

in the joint, while the terpineole-based media always

generated a dense sealing material. The reason why porosity

was yielded is not yet fully understood. A possible explana-

tion is that a decomposition of the butylglycolate took place

resulting in the formation of hardly combustible organic

compounds. These species could give rise to an excess of

active carbon in the glass, which burns at temperatures

above the viscous flow of the glass, thus forming the foam-

like structure. The joining of the specimens was carried out

in a jig that allows a precise centering of the two halves of the

samples and applies a dead load of 4 kg on top. The thermal

treatment for the joining of the specimens consisted in

heating them, by means of air, at a rate of 2 K/min up to

350 �C and 550 �C with a dwelling of 60 min each so as to

achieve the binder burnout. The joining was then carried out

at 850 �C for 100 h.

In accordance with the above, and for the issue of moni-

toring the fracturemechanism of thematerial under torsional

strength, two low porosity and two high porosity specimens

were prepared. The terms high and low used here correspond

to a percentage range of porosity, so high corresponds to a

range of 16e19%; whereas for low, the range is from 1.4 to

2.2%.

AE equipment and parameters

The commercial equipment used in this investigation was an

AMSYS-6 from Vallen Systeme GmbH [58]. It included four

wideband AE sensors (VS160-NS) with a frequency range from

100 to 450 kHz as well as AE preamplifiers (AEP5H) with a gain

of 34 dB at 50 U. Table 1 summarizes the acquisition param-

eters set in the AE equipment.
full specimens. Dimensions are in mm.
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Experimental installation and testing procedure

Torsion tests were performed on a testing rig on which the

specimens used here could be mounted [31,56]. The installa-

tion consists of the torque test bench fitted with a furnace in

order to be able to carry out the tests at high temperature, with

the AE sensors mounted and fixed to the solid cylindrical

tubes by means of clamps, as well as the AE acquisition sys-

tem. Vacuum grease was used as the coupling agent to

improve the sensing response. A pencil-lead break test was

then used to verify the correct setting up of the AE sensors [59].

An illustration of the torsion test set-up is shown in Fig. 2.

With respect to the procedure for the torsion tests, the

specimens were gradually twisted until fracture occurred at a

rate of approximately 4�min�1. Table 2 identifies the speci-

mens according to the type of test and porosity level.

Vallen [58] and Origin [60] software were used to perform

the real time data recording and post-data processing. Finally,

the fractured surfaces were visualized by optical microscopy

in order to make a correlation between the cracks observed in

the fractured surfaces and the recorded data.
Results and discussion

AE activity

Fig. 3 displays a comparison of the evolution of the torsion

load (red line) and the AE peak amplitude of the acoustic

emission activity during the torsion testing of a glass-ceramic

sealant with high and low porosity at room (a) and high

temperature (750 �C) (b) as a function of time. There is a clear

variation in the emission patterns in each of the tests.

In the case of the tests at room temperature represented in

Fig. 3 (a), the torque until failure for the high-porosity spec-

imen (maximum torque 95 Nm) was 54% lower than for the

low-porosity specimen. The high porosity in the material lead

to a low shear strength. A possible explanation for this is that

the higher the number of pores in thematerial, the smaller the

bonding surface between either the inner layers of the sealant

or the sealant-steel interface, and so less torque was required

for fracturing. This is consistent with previous studies where

this phenomenon has also been addressed [61]. Thus, the

number of acoustic emissions of the high-porosity specimens

is higher than that of the low-porosity ones. Acoustic emis-

sion activity is higher near the end of the test in high-porosity

specimen. The contrary is true for low-porosity specimens.

This difference could be due to two reasons. On the one hand,

there is a high speed of crack propagation in the high-porosity

specimen due to its low tortuosity, which could lead to low

fracture energy as previously reported in Ref. [62]. On the
Table 1 e Acquisition parameter of the AE equipment.

AE data sample rate 10 MHz
TR data sample rate 5 MHz

Threshold 40 dB

Pre-trigger samples 200 ms

Preamplifier gain 34 dB

Digital filter 95 kHze850 kHz

                                                            
                                                          
                                              
other hand, it is possible that the greater number of small

areas among the pores fail before the specimen reaches fail-

ure. At a very high AE amplitude, there is a correlation be-

tween the AE amplitude and torque occurring due to

macroscopic failure at the end.

With respect to the torsion tests at 750 �C, the evolution of

acoustic events arising during the application of the torque is

presented in Fig. 3(b). The torque curve revealed by the low-

porosity specimen reveals a remarkable elastic-plastic

behavior, from which it can be inferred that the plasticity of

thematerial increased at high temperature due to the residual

glass phase of the composite. However, the shear stress

decreased by about 20% in the case of the high-porosity

specimen and 35% in the case of the low-porosity one.

Furthermore, in both cases, there is remarkable acoustic

emission activity immediately after the onset of the test,

within the amplitude range of 70e100 dB. This finding might

be an indication that at the beginning of the test micro-

mechanical stresses redistribute within the glass-ceramic

material, i.e., extensive micro-cracking is present. In porous

material, stresses primarily concentrate around defects or

pores until saturation. Then, the crack might start in one of

these and propagate through the material in the case of the

low-porosity specimen, the crack will propagate more slowly

due to the high tortuosity of the material. However, after

saturation, the AE activity decreased in the non-linear range

or plastic zone. This finding might suggest that, within the

plastic zone, the phase transformation generates a fewmicro-

cracks and therefore a low number of acoustic emissions. A

similar behavior was observed in a recent study, where ceria-

stabilized zirconia-based ceramics showed nearly zero

extensive micro cracking in the plastic region [63].

AE cumulative hits and energy

Fig. 4 reveals the correlation between the cumulative AE hits

and torque for glass-ceramic sealant specimens featuring low

porosity (a) and high porosity (b) tested at room and high

temperature. The initial values from zero up to point a and

point a’ (see Fig. 4) are not considered, as they mainly derive

from the influence of initial AE bursts due to system

adjustment.

In the case of the low-porosity specimen (see Fig. 4(a)), the

rate of cumulative AE hits is faster with increasing tempera-

ture. At room temperature, as the external torque increases,

the rate of damage to the glass-ceramic material rises slowly

up to 150 Nm (point b’). From this slope change the rate of

cumulative AE hits grows uncontrolled until failure at 170 Nm

(point c’). For the high-temperature test, the cumulative AE

hits increases rapidly until the point of change of the slope

(point b), at approximately 97% of the maximum torque, from

where the AE hits triggers until the failure of the specimen

(point c).

For the high-porosity specimen, the rate of cumulative AE

hits increases as the temperature decreases (see Fig. 4(b)). At

room temperature, the rate of cumulative AE hits increases

slowly to the slope change point (point b’), which corresponds

to roughly 50% of themaximum torque. Then, it begins a zone

of uncontrolled cumulative AE hits as the torque loading

continues until the point of failure (point c’) at 95 Nm. This
                                                         
                                                       



Fig. 2 e Torsion test set-up.

Table 2 e Identification of specimens by porosity and test
temperature.

Specimen Porosity level Test temperature

FZ-01 High: 16e19% Room

FZ-02 Low: 1,4e2,2% Room

FZ-03 High: 16e19% 750 �C
FZ-04 Low: 1,4e2,2% 750 �C
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zone corresponds to the high activity of acoustic emission

located in Fig. 3(a), whichwas previously provided for the case

of the high-porosity specimen. This implies that the higher

the acoustic emission activity, the higher the number of cu-

mulative AE hits. At a high temperature (e.g., 750 �C), the rate

of cumulative AE hits grows practically linear until failure at

80 Nm (point b). In this particular case, there is no change in

the slope of the curve, as seen in the other curves.

From the comparison of both specimens at room temper-

ature, it is seeming that the rate of damage present in the

high-porosity specimen is faster than that in the low-porosity

one, but this is only true from a torque force of 50 Nm (be-

tween points b’ and c’). This result may have twomain causes.

The first is that this finding could be due to the formation of

small cracks at times with only short crack growth distances.

The second derives from the fact that increasing the porosity

reduces the cross-section of the material and therefore in-

creases its brittleness, although this may also be due to the

distribution of the pores and increases the local stress.

However, in the case of the tests at 750 �C, the rate of cu-

mulative AE hitswas very similar between the two specimens.

Nevertheless, the patterns of the curves differ. In the case of

the low-porosity specimen the shape of the curve may be due

to the diversity in the size of the cracks. While in the case of

the high-porosity specimen, the shape of the curve could be

due to the continuous distribution of crack sizes.
                                                            
                                                          
                                              
As mentioned above, the application of the torsional load

to the specimens triggered the onset of micro cracks, which in

turn released transient energy that propagated through the

specimen and was recorded in the AE sensors. Such energy

can be identified as AE energy and is visualized as a function of

the torque load in Fig. 5. For the low-porosity specimen,

Fig. 5(a), at room temperature, it can be noticed that during the

initial application of the torque load the AE energy increased

sharply (point a’), then grew linearly until the point of signif-

icant change or “knee” at 160 Nm was reached (point c’). The

knee is a key indicator of the onset of failure [64], wherein the

AE energy reaches its peak (170 Nm).

At high temperature, however, the cumulative AE energy

showed an appreciable difference as a result of the torque

load. During the initial stage, the AE energy suddenly

increased until the torque load reached approximately 8.5% of

its ultimate load, as is shown in Fig. 5(a) (point b). As the in-

crease in the torsion load continues, the curve becomes non-

linear, i.e. plastic behavior, until its failure as depicted in

Fig. 5(a) (point c).

Referring now to the high-porosity specimen, the curve

corresponding to the room temperature test shows several

important changes in the slope. In the initial stage of torque

application, the AE energy increases linearly up to the knee

located at 10% of the ultimate torque load, which means that

micro-cracking started in the glass ceramic sealant. Then, the

torque load continues up to 50% of the total torque (Fig. 5 (b)

point b’) and the AE energy shows a quasi-constant linear

growth, from which it can be inferred that micro-cracking

ceased because of the saturation of pores and flaws in the

material. Then, the AE energy increases linearly prior to

reaching the second knee (point c’) which indicates the failure

of the glass ceramic sealant (point d') as shown in Fig. 5(b).

In the high-temperature test, the AE energy curve revealed

that the first signs of micro-cracking started immediately
                                                         
                                                       



Fig. 3 e AE peak amplitude and torque loading as a function of time for high and low porosity specimens at a) room

temperature and b) high temperature, 750 �C.

Fig. 4 e Cumulative AE hits as a function of the torque in tests performed on a) low-porosity specimens and b) high-porosity

specimens at room and high temperature.
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when torque load was applied. In this initial stage, the cu-

mulative AE energy was linear and rapid (point a) and, when

reaching approximately 19% of the maximum torque load, a

significant change in the slope was observed (point b) (see

Fig. 5(b)). After that, the AE energy increased linearly as the

torque load continued to be applied until maximum torque

was reached at 80 Nm. This is an indication that micro-
                                                            
                                                          
                                              
cracking spread quickly through the glass-ceramic sealant

until failure of the material occurred. This behavior did not

appear to give rise to a pore saturation zone, aswas seen in the

room temperature test.

From this finding it may be inferred that ultimately, the

failure of the glass-ceramic sealant is more brittle overall, as

only a few large cracks stored the energy and suddenly
                                                         
                                                       



Fig. 5 e AE energy as a function of torque in tests performed on a) low-porosity specimens and b) high-porosity specimens

at room and high temperature.
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released it at the failure point In the case of the high-porosity

specimen, the contact surface of the material decreases,

which induces the appearance of smaller cracks as torque is

applied, and therefore less energy is stored and released at the

end of the test.

Fast Fourier Transform analysis

The cumulative AE hits and energy analysis have revealed

consistent indications of the observable micro-cracks.

Therefore, in view of classifying the possible failure mecha-

nisms present in the micro-cracks, the average frequency

peaks of the signals obtained through the application of the

Fast Fourier Transform (FFT) are analyzed. The literature re-

view provides the reported peak frequencies of various failure

mechanisms for glass composites such as: matrix cracking

(80e250 kHz), fiber/matrix debonding (250e350 kHz) and fiber

breakage (350e480 kHz) [65e68].

In each of the tests, as is shown in Fig. 6, the frequency

bands are visibly defined: f1 between 0 and 100 kHz, fII between

100 and 200 kHz, fIII between 200 and 300 kHz, fIV between 300

and 400 kHz and, finally, fV above 400 kHz. For each test, the

average frequency (black line) and their corresponding stan-

dard deviation (red line) can be observed. At room tempera-

ture (Fig. 6(a)), the difference in magnitude of the relative

frequencies of the low-porosity specimens by comparison to

the high-porosity specimens is evident. In comparison, the

difference between the frequency peaks of both specimens is

about 6500 mV. Moreover, the frequency analysis reveals that

most of the frequency peaks are concentrated within the f1I
frequency band. This may suggest the possible identification

of the matrix-cracking mechanism. For the frequency bands

fIII, fIV and fV, very low frequencymagnitudes are found so that

none of them is significant enough to enable the distinction of

a particular fracture mechanism.

At high temperature (Fig. 6(b)), the difference in the mag-

nitudes of the relative frequencies between the high and low

porosity specimens is very large. In the case of the low-

porosity specimen, there are two frequency peaks: the first

at 100 kHz and the second at approximately 170 kHz within

the fII frequency band. The latter coincides with the frequency
                                                            
                                                          
                                              
peak in the high porosity specimen, 170 kHz. As before, this

finding may suggest the identification of the matrix-cracking

mechanism. The frequencies in the frequency bands fIII, fIV
and fV are very low in magnitude, and therefore it is not

possible to make a clear distinction over any other fracture

mechanism.

The identification of the fracture mechanism presented

above is based on the defined average frequency and fre-

quency bands. It is revealed that the frequency band fII is

common to all the tests. It is in this band that the highest

frequency peaks occurred. Therefore, fII could be associ-

ated with matrix cracking. In the case of the other fre-

quency bands, a fracture mechanism could not be

identified, as the magnitudes are very low. This is likely

that due to the relative position of the damage to that of

the AE sensors.

Post-test analysis

In order to gain a better understanding of the fracture process

in the specimens measured at room temperature and 750 �C,
they were macroscopically inspected after testing. The frac-

ture patterns for room temperature and 750 �C were similar

for each type of samples, the images for the torsion test

samples at 750 �C are shown in Fig. 7. A fully cohesive fracture

pattern is observed for the high-porosity specimens (Fig. 7(a)

upper image) with a thicker glass layer on the sample part

shown on the left side, visible from the brighterwhite contrast

of the remaining glass ring. The higher magnification of the

optical microscopic image (Fig. 7(a) lower image) shows cir-

cular pores with a size distribution between a few microns up

to 100 mm in diameter. The low-porosity torsion test speci-

mens shows a partially adhesive fracture pattern. About a

third of the sample is cohesively broken in the middle of the

glass layer (white ring area on the left and right side of Fig. 7(b)

upper image). The adhesive fracture pattern shows a

brownish-greyish discoloration which is caused by the

disruption of oxide scale of the steel. During the joining in air,

Crofer22H forms a chromium manganese spinel layer, which

is partially dissolved by the glass sealant in a 1e2 mm thin

reaction layer. Fig. 7(b) lower image shows part of cohesive
                                                         
                                                       



Fig. 6 e Average frequency content of signals recorded during monitoring of the torsion tests at a) room temperature and b)

750 �C for high- and low-porosity specimens.

Fig. 7 e Photographs (upper images) and optical microscope images of the fracture surfaces for a) high- and b) low-porosity

glass-ceramic specimens subjected to torsional test at 750 �C.
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and part of adhesive fracture of the glass. When regarding the

bright area of cohesive fracture, very small pores of about

1e5 mm scale are visible in the glass-ceramic. It is discussable

if the reaction zone at the spinel layer of the steel failed under

the torsional load or whether the crack was initiated in the

middle of the glass-ceramic by a defect and propagated close

to the steel surface.
Conclusions

In this study, the fracture process of specimens prepared with

low- and high-porosity glass-ceramic sealants loaded in tor-

sion at room and high temperature was monitored using the

AE technique. Overall, the results revealed that the acoustic

emission patterns of samples with different levels of porosity

differed from each other in terms of acoustic activity, AE cu-

mulative hits and AE energy. However, the analysis of the AE

cumulative hits did not reveal a clear conclusion of the rela-

tionship between these and the fracture mechanisms of the

material.

The analysis of the AE energy indicated that in the case of

the high porosity specimens the micro-cracks propagated

through the ceramic material faster than in low porosity

specimens.

It was possible to detect the increase in the plasticity of the

matrix as the temperature increased, which exerted a greater

effect on the low-porosity specimen. Most importantly, all of

these differences in the AE activity could be correlated with

good approximation. Only the analysis of the average fre-

quency of the signals allowed the identification of the matrix

cracking between a range of 100 and 200 kHz. According to

this, it is concluded that the feasibility of the acoustic emis-

sion technique for in-situ monitoring of solid oxide cell stacks

is promising as long as there is an effective calibration of the

AE equipments as well as an adequate statistical analysis to

distinguish those signals that contain information on fracture

mechanisms from unwanted signals.

Finally, the experimental work at high temperature led to

some unanswered questions such as the location of the point

where the cracks began, the bonding strength at the interface

between the metallic material and the sealant, as well as

identifying a correlation between the AE characteristics and

the frequency of the signals. Therefore, further tests will be

carried out later in order to make a statistical analysis of the

application of the acoustic emission technique in the moni-

toring of glass-ceramic sealant at high temperature under

torsion.
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