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The durability of YZA cellular ceramic foams was investigated in the demanding
environment of an instrumented porous burner. Following exposure to the combustion
environment, the ceramic foam coupons suffered moderate damage. Coupons exposed to
extended duration tests in the burner did not show additional damage compared to
coupons exposed to short duration tests indicating that damage occurred during start-up,
when temperature gradients were most severe. To compare the results of the burner tests
to conventional thermal shock experiments, samples were also exposed to a water quench
test. Coupons removed from the burners and coupons exposed to the water quench from
high temperatures exhibited similar failure morphologies. In both cases a marked transition
in failure morphology was observed as the magnitude of the peak temperatures and
thermal gradients were increased. Chemical analysis combined with these thermal shock
measurements show that damage sustained by the foams in the burner results from
thermal shock and not from chemical degradation. C© 2005 Springer Science + Business
Media, Inc.

1. Introduction
Radiant burners and gas turbine combustors can be con-
structed such that the combustion process takes place
within the open cells of a metallic or ceramic foam
[1, 2]. Heat transfer from the flame is enhanced through
both conduction and radiation due to the presence of the
connected solid. Because the incoming gases are pre-
heated, lean flames may be stabilized over a range of
flow velocities [3–5] resulting in low emissions of CO,
NOx and unburned hydrocarbons [6, 7]. In addition,
the porous burner offers other advantages such as more
uniform temperature and flame velocity profiles that are
beneficial in gas turbine combustors.

Burners operating on premixed fuel and air must have
some means of stabilizing the flame at a fixed location
and preventing the propagation of the flame into the
upstream piping. Extensive research on porous burners
has shown that a burner consisting of two sections of
cellular foam media, an upstream section with small
cells and a downstream section of larger cells, stabi-
lizes the flame over a range of conditions [2, 6, 8, 9].
The smaller cells prevent the propagation of the flame
into the upstream section and thus provides the safety
characteristics necessary for a premixed burner.

The temperature gradient in these burners is quite
severe. The upstream face of the porous burner is typ-
ically at ambient temperature. The peak temperature
occurs in the downstream section and is dependent
upon the operating conditions. Due to material limita-
tions, the maximum temperature is typically less than
1800 K. The thermal gradient depends on the proper-

ties of the porous sections but values of 500 to 1000
K/cm are typical in porous burners [9]. Due to their
higher melting temperature, oxidation resistance, and
superior creep resistance [10], ceramic foams offer po-
tentially improved performance over metallic foams
for combustion applications. However, because of low
fracture toughness and poor thermal conductivity, and
the extreme temperature gradients that exist in a porous
burner, the primary concern in the use of ceramics for
burners has been their durability [1, 2, 7].

In fully dense ceramics, the propagation of a sin-
gle crack can cause catastrophic failure of an entire
component. In contrast, the propagation of a crack in
ceramic foams causes failure of individual struts, but
damage is not catastrophic because the struts are iso-
lated from each other by the continuous open cells
[11]. Ceramic foams, therefore, exhibit greater damage
tolerance compared to fully dense monolithic ceram-
ics. Nevertheless, the fracture of several adjacent struts
can lead to failure of a section of material and, in ex-
treme cases, the ejection of ceramic material from the
foam. In addition to degrading the performance of the
burner, fracture of struts and the ejection of material are
detrimental because of the potential for contaminating
downstream components. Other potential problems for
ceramics in burners include possible chemical reactions
between unstable constituents within the ceramic foam
or between the foam and the combustion products that
could degrade the mechanical strength of the foams.

The purpose of this work is to assess the durabil-
ity of a YZA ceramic foam in a porous burner and to
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elucidate the failure mechanisms of ceramic foams ex-
posed to combustion. Based on preliminary experi-
ments with a variety of ceramic foams, yttria-stabilized
zirconia/alumina composites (YZA) have shown the
greatest promise in burners [12]. YZA foam burners
were tested under realistic combustion conditions in
a burner. Following burner testing, the ceramic foam
coupons were removed from the burner and examined
to determine whether chemical changes or changes
in phase composition had occurred. A second set of
coupons was also tested in the burner and their com-
pressive strength was measured to determine the ex-
tent to which the foams were damaged by exposure to
the combustion environment. For comparison, a third
group of ceramic foam coupons was exposed to a water
quench from elevated temperature and then tested in
compression to assess thermal shock resistance.

2. Experimental procedure
2.1. Materials and characterization
YZA ceramic foams were obtained from Porvair Corp.
(Hendersonville, NC) in the form of right cylinders
with a height and diameter of approximately 50 mm.
According to the manufacturer, the struts within the
foam consisted of a mixture of yttria-stabilized zirco-
nia and alumina. Foams with two cell sizes, designated
by the manufacturer as 3.9 pores per centimeter (ppc)
and 23.6 ppc, were selected for all of the tests conducted
in this study. The corresponding average cell sizes for
these materials were 2 mm and 250 µm, respectively.
The bulk density of the foams was calculated by di-
viding the nominal volume of the coupons by the mass.
The relative density was calculated by dividing the bulk
density by the density of the strut material.

Because of the visible variability in cell shape and
cell size, additional measurements were made on indi-
vidual coupons by sectioning, mounting, and polishing.
The digitized optical micrographs were then examined
using a commercial image analysis program (Clemex
Vision, Longueil, Quebec, Canada). For the 23.6 ppc
foam, micrographs were taken from 5 different coupons
to obtain a representative area for these measurements.
For the 3.9 ppc foam, 10 different coupons were used
to measure a representative number of cells.

Chemical changes due to exposure to the combus-
tion environment were assessed by examining selected
coupons in a scanning electron microscope (SEM)
equipped with energy dispersive spectroscopy (EDS)
prior to and after testing. The phase composition of
each of the foams was determined by pulverizing both
an as-received coupon and a coupon removed from the
burner and then examining each using X-ray diffraction
(XRD) to determine if any changes had occurred as a
result of exposure to the combustion environment.

2.2. Burner tests
A schematic of the burner is shown in Fig. 1. This de-
sign, consisting of two sections of cellular media, is
used in the current study due to its flame stability char-
acteristics [2, 5, 6, 8, 9]. This design is also attractive
from the standpoint that the flame, and thus the temper-

Figure 1 A schematic of the burner design.

ature gradient, is maintained at a fixed location within
the burner once the burner is operating at steady-state.

Although details about the design and operation of
the burner are described elsewhere [9], a brief summary
is presented here. The porous burner consisted of two
stacked cylindrical ceramic coupons encapsulated in an
insulating sleeve. The upstream coupon was made from
the 23.6 ppc foam while the downstream coupon was
made from the 3.9 ppc foam. A row of thermocouples
was located at 1.27 cm intervals along the length of
the coupons to measure the position of the flame and
the temperature at the interface between the coupons
and insulation. A pre-mixed flow of methane and air
was used as the fuel source with the flow velocities
controlled using mass flow controllers. A range of flow
velocities and fuel/air ratios were examined. The fuel
to air ratio is specified in terms of an equivalence ratio,
φ, which is the ratio of methane to air, normalized to
the stoichiometric ratio. Thus, φ equal to 1 implies

CH4 + 2O2 → CO2 + 2H2O (1)

Values of φ less than 1 imply that the burner was being
run “lean” (i.e., excess oxygen was supplied).

In an effort to minimize variations in temperature dur-
ing start-up, a standard start-up procedure was adopted.
After calibrating the emission analyzers, the air and
methane mass flow controllers were set to the desired
flow velocities and equivalence ratio. Once the flow
velocities had stabilized, the burner was ignited at the
downstream end of the 3.9 ppc foam. Over a period
of approximately 5 min, the flame then migrated com-
pletely through the 3.9 ppc coupon, eventually stabiliz-
ing near the interface between the two coupons. During
operation of the burner, the flame front was approxi-
mately planar, with the front parallel to the interface
between the foams. After the test was completed, the
fuel/air mixture was shut off and the coupons were al-
lowed to cool under ambient conditions.

After each test, the foam coupons were removed and
replaced and the tests were repeated 4 or 5 times for
each condition. Burner tests were conducted using one
of three sets of conditions. For burner condition 1, the
equivalence ratio was set to 0.65, the flow rate was
set to 30 cm/s, and the duration of the test after the
flame stabilized was 30 min. For burner condition 2,
the equivalence ratio was set to 0.72 and the flow rate
was set to 40 cm/s, and the duration of the test was
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30 min. For burner condition 3, the equivalence ratio
was set to 0.70, the flow rate was set to 40 cm/s, and
the duration of the test was 240 min.

2.3. Water quench tests
Coupons with the same size and geometry as those used
in the burner tests were used to assess thermal shock
resistance of the foams using a water quench test. Al-
though there are several difficulties that arise in directly
analyzing temperature gradients when materials con-
taining open porosity are exposed to a water quench,
there currently are no other standardized methods for
assessing thermal shock in ceramic foams. Further, the
thermal shock resistance of other ceramic foams have
been assessed using this method [13] allowing compar-
ison of the current results on YZA foams to previous
results on other foam materials. To conduct the quench
tests, samples were heated in a tube furnace and then
allowed to equilibrate at a given temperature for ap-
proximately 10 min before being dropped into a bath
containing approximately 20 liters of water at room
temperature. Coupons were quenched from tempera-
tures of 490, 690, 890, and 1090 K.

2.4. Mechanical testing
Coupons, in the as-received state, following burner test-
ing, or after a water quench were tested in compression
to determine the extent to which they were damaged
by burner testing or the water quench. Coupons were
placed in an articulating compression fixture lined with
3 mm thick neoprene pads to distribute the load at the
contact points between the coupons and the fixtures, as

Figure 2 Photograph showing the 3.9 and 23.6 ppc YZA foams.

TABLE I Characterization of the ceramic foam materials from mea-
surements of bulk density and from stereographic measurements made
on sectioned coupons

Bulk density Stereographic

Material Pore Strut Intrastrut Interstrut Strut
(ppc) (%) (%) porosity (%) porosity (%) (%)

3.9 88.9 11.1 1.91 85.2 12.9
23.6 86.4 13.6 1.50 82.9 15.6

suggested by Dam et al. [14]. Tests were conducted
using a computer-controlled testing frame at a
crosshead displacement rate of 0.5 mm/s. Load and
crosshead displacement were measured and the engi-
neering stress and engineering strain were calculated
based on the nominal dimensions of the coupons.

3. Results
3.1. Materials characterization
A photograph of the as-received, cylindrical coupons
is shown in Fig. 2 and cross-sections of the foams at
higher magnifications are shown in Fig. 3a–b. From
these micrographs it is clear that the foams consist
of a large fraction of open cells and a much smaller
fraction of ceramic struts. The open cells are approx-
imately equiaxed and do not exhibit significant direc-
tionality. A summary of the structural measurements for
the foams is presented in Table I. The measured aver-
age bulk density based on the volume and mass is 0.605
g/cm3 (11.1%) for the 3.9 ppc foam and 0.744 g/cm3

(13.6%) for the 23.6 ppc. The stereographic analysis
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Figure 3 Optical micrographs showing a cross section of (a) the 3.9 ppc and (b) the 23.6 ppc foams. Note the difference in magnifications.

yielded slightly higher values of relative density (12.9
and 15.6% for the 3.9 and 23.6 ppc foams, respectively),
but this difference is well within the range of sample-
to-sample variation. Fig. 3a–b also show that the each
strut contains a closed pore with three sharp cusps. This
intrastrut porosity is a result of the manufacturing pro-
cess and has been discussed in detail previously [15].
Based on the stereographic analysis, about 2% of the
total porosity is closed intrastrut porosity and the re-
mainder consists of the open cells between the struts.

EDS analyses of foams in the as-received state re-
vealed that the materials consist primarily of Al, Zr, and
O, with a small fraction of Y, Ca, and Si. After burner
testing, there was no measurable change in composition

in the foams and no additional elements were detected.
Results from powder X-ray diffraction revealed that
the only crystalline phases that were present in the as-
received coupons were α-Al2O3, monoclinic ZrO2, and
a smaller fraction of tetragonal ZrO2. After burner test-
ing, the X-ray diffraction pattern was unchanged, con-
firming that no chemical reactions had taken place dur-
ing the burner testing. It should be noted that coupons
likely consisted a much greater fraction of tetragonal
zirconia but it was not possible to quantitatively deter-
mine the relative fractions of monoclinic to tetragonal
zirconia in the foams before and after burner testing us-
ing this technique because the process of pulverizing the
foams to perform diffraction results in transformation
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Figure 4 Measured temperature distribution in a burner at φ = 0.65 for
different gas flow rates. Each ceramic foam coupon is 5 cm long and the
direction of gas flow is from left to right. The 23.6 ppc foam is located
on the inlet side and the vertical line denotes the position of the interface
between the 3.9 and 23.6 ppc foams.

of a significant fraction of the tetragonal zirconia to
monoclinic zirconia.

3.2. Burner testing
Previous experiments have shown that the peak tem-
perature within the burner generally increases as the
flow rates or the equivalence ratios are increased [9].
A representative plot of the temperature distribution in
the burner for an equivalence ratio of 0.65 is shown in
Fig. 4 as a function of flame velocity. The peak tem-
perature under these conditions occurs in the 3.9 ppc
foam, just downstream from the interface between the
foams. The magnitude of this peak increases with flow
velocity, reaching a maximum of about 1500 K at a flow
velocity of 75 cm/s. Although the peak temperature in
the burner occurs near the upstream surface of the 23.6
ppc foam, the temperature is relatively constant in this
area under steady-state conditions and thus the thermal
gradient throughout the 23.6 ppc foam is small. In con-
trast, the temperature gradient in the 3.9 ppc foam is
much more severe with a maximum gradient of about
850 K/cm occurring near the interface between the
foams.

3.3. Mechanical testing
Compressive strength is plotted for as-received foams
and for foams after burner testing in Fig. 5. The
average strength for the as-received 3.9 ppc foam
is about 1.8 MPa and the average strength for the
as-received 23.6 ppc foam is about 2.5 MPa. In both
cases, considerable variability in strength is observed.
The coupons exposed to burner condition 1 (φ = 0.65,
flow velocity = 30 cm/s, t = 30 min) do not appear to
suffer any measurable degradation in strength relative
to the as-received coupons. Coupons exposed to
burner condition 2 (φ = 0.72, flow velocity = 40 cm/s,
t = 30 min) exhibit a moderate strength decrease with
the mean strength dropping by 33% compared to the
as-received samples for the 3.9 ppc foam and by 40%
for the 23.6 ppc foam. Coupons from burner condition
3 (φ = 0.70, flow velocity = 40 cm/s, t = 240 min)
exhibit similar strengths to those from burner condition

Figure 5 Strength is plotted for as-received coupons and coupons ex-
posed to the burner for (a) 3.9 ppc and (b) 23.6 ppc foams.

2 which indicates that extending the operation time
of the burner by a factor of four does not significantly
impact the damage introduced into the foams during
burner testing.

Results of the water quench tests are shown in Fig. 6.
Both the 3.9 and 23.6 ppc foams exhibit a moderate de-
crease in strength with increasing severity of the ther-
mal quench. The onset of damage occurs in both mate-
rials at �T = 200–400 K. For �T = 800 K, the mean
strength of the 3.9 ppc foam is reduced by 38% while
for the 23.6 ppc foam the strength is reduced by 56%
relative to the as-received foams.

4. Discussion
4.1. Strength of as-received foams
The measured compressive strengths for the two YZA
foams in the as-received state were 1.8–3.0 MPa. The
compressive strength for YZA foams has not been pre-
viously reported in the literature but a bending strength
of 1.56–2.05 MPa for YZA foams with similar den-
sities and cell sizes has been reported [16]. Orenstein
and Green have shown that there is little difference be-
tween the bending and compressive strength of alumina
ceramic foams [13].

Based on the model of Gibson and Ashby [17], the
compressive strength should be independent of cell size
and can be related to the relative density by

σfc = C6σfs

(
ρ

ρs

)3/2

(2)

where σfc is the compressive strength of the ceramic
foam, C6 is a constant, σfc is the strut strength in
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Figure 6 Strength is plotted for as-received coupons and for coupons
exposed to a water quench for (a) 3.9 ppc and (b) 23.6 ppc foams.

bending, ρ is the density of the foam, and ρs is the
density of the struts.

Comparing the compressive strength and correcting
for the approximately 2.5% difference in density in be-
tween the 23.6 ppc foam and the 3.9 ppc foam, it is
clear that differences in density alone cannot account
for the 27% difference in the measured compressive
strengths in these materials. As discussed by Brezney
and Green [18], there are several other possible expla-
nations for this observation but the most likely is that
the strut strength, σfs, in the 3.9 ppc foam is lower than
in the 23.6 ppc foam. Similar results have been reported
previously in a vitreous carbon foam [18]. These dif-
ferences have been attributed to differences in the flaw
populations within the struts [18].

4.2. Burner tests and quench tests
Examination by EDS and XRD indicated that there was
no measurable change in the chemical composition or
the crystal structure of the ceramic foams during burner
testing. This indicates that degradation in strength in
porous burners does not result from chemical changes
in the foams but rather results from mechanical damage
that occurs during operation of the burner.

Compressive tests on coupons removed from the
burner and on coupons exposed to water quenching
from high temperature reveal that there are several
similarities in the degradation mechanisms that occur
during these tests. For coupons removed from the
burner or exposed to a water quench, there was a
gradual reduction in strength as the severity of the

thermal shock was increased, consistent with previous
reports for other ceramic foams exposed to a water
quench [13]. In this study, the onset of strength
degradation caused by water quenching occurred at
a critical value of �T = 200–400 K in both the 3.9
and 23.6 ppc foams. Similar critical values of �T
have been reported previously for water quenching of
alumina foams, independent of pore size [13]. It has
also been reported that for foams exposed to infrared
heating to induce temperature gradients, thermal shock
resistance increases with cell size [16].

The magnitude of the strength degradation for the
water quench tests was greater for the 23.6 ppc foam
compared to the 3.9 ppc foam (56% loss of strength ver-
sus 38%). In the burner tests, similar behavior was ob-
served but the differences in strength degradation were
not as great between the 23.6 and 3.9 ppc foams (40%
versus 33%). Comparing results from a previous study
on a 4 ppc alumina [13] to the current results, the YZA
foams used in this study are considerably more resistant
to thermal shock from a water quench. For example, for
�T = 600 K, the YZA foams retained about 65% of
their original strength whereas the alumina foam used
in the previous study retained only about 35% of its
original strength at the same �T . Although the fracture
toughness of dense YZA is considerably greater than
alumina, the thermal shock resistance of dense YZA
and alumina are similar [19, 20]. Thus, it is likely that
the differences in strength degradation between foams
result from differences in the flaw populations within
the struts and the geometry of the cells rather than dif-
ferences in the intrinsic thermal shock resistance of the
strut materials [13].

4.3. Fracture morphology and damage
tolerance

Coupons were observed to exhibit one of three dis-
tinct fracture morphologies depending on the severity of
the thermal shock. Representative photographs show-
ing each of these morphologies are shown in Fig. 7.
For coupons in the as-received condition or exposed to
modest thermal gradients, damage during compression
testing was homogeneously distributed over the sur-
face of the specimen in contact with the loading platen
(Fig. 7a), as reported previously [14]. As the magnitude
of the thermal gradient was increased by increasing �T
for the coupons exposed to the water quench or by in-
creasing the gas flow rate and/or equivalence ratio for
samples exposed to the burner environment, there was a
distinct transition to more localized damage mechanism
which has not been reported previously. Compressive
loading of these coupons resulted in the propagation of
a dominant crack at approximately 45◦ to the applied
loading axis, along the directions of maximum shear
stress (Fig. 7b). Further increases in the magnitude of
the thermal shock resulted in a second transition. For
these samples exposed to very large thermal gradients,
damage was localized along an axial plane parallel to
the loading axis (Fig. 7c). For coupons that failed by this
mechanism, a single crack was observed to propagate
through the specimen along this plane with little or no
damage to the surface of the coupons. Fig. 8a–b show
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Figure 7 Photographs showing representative coupons observed to fail by (a) homogenous damage of the surface, (b) localized damage along a plane
at 45◦ to the loading axis, and (c) localized damage along an axial plane parallel to the loading axis.

the number of occurrences for each failure mechanism
as a function of experimental conditions.

In Fig. 9a–e, engineering stress versus engineering
strain is plotted for representative 3.9 and 23.6 ppc
foams exhibiting each of the three observed failure
modes (surface, shear, and axial). For all of the coupons,
an initial non-linearity was observed as the sample con-
tacted the neoprene-lined platens, followed by a linear
elastic regime. For the samples where damage was dis-
tributed over the surface of the coupons, deviation from
the linear regime occurred as individual struts were
crushed near the surface. Increases in strain resulted

in the gradual evolution of damage along the surface
until the peak stress was reached and nearly the entire
surface contained fractured struts. Further increases in
strain resulted in a gradual reduction in the load bearing
capacity of the coupon. Similar behavior was observed
in both the 3.9 and 23.6 ppc foam and similar ob-
servations have been reported previously during com-
pressive testing of another open celled ceramic foam
[14].

For coupons that were observed to fail at approxi-
mately 45◦ to the loading axis, the stress versus strain
plots were similar to those exhibiting surface failures
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Figure 8 Failure distributions for (a) 3.9 ppc foam and (b) 23.6 ppc foam
showing that localized shear or axial failures dominate as the severity of
the thermal gradient increases.

Figure 9 Engineering stress versus engineering strain is plotted for 3.9 ppc foam exhibiting: (a) surface failure, (b) shear failure, (c) axial failure and
for the 23.6 ppc foam exhibiting, (d) surface failure, (e) shear failure, and (f) axial failure.

except that less damage was observed prior to the peak
stress and the reduction in the load bearing capacity oc-
curred more quickly after the peak stress was attained.
For coupons that failed by the propagation of a crack
parallel to the axis of loading, there was even less dam-
age apparent before the peak stress was reached and the
coupons failed nearly catastrophically after the peak
stress was obtained. It is interesting to note that the dif-
ferences in strength between samples failing by these
different mechanisms were typically less than a factor
of two, despite the large difference in damage tolerance
and the distinct change in fracture morphology between
the coupons.

The similarities in fracture behavior of the 3.9 ppc
foam and 23.6 ppc foam following burner testing can
be explained from the steady-state temperature distri-
butions within the burner shown in Fig. 4. These dis-
tributions show that, at steady-state, the peak tempera-
ture gradient of approximately 850 K/cm exists in the
upstream 23.6 ppc foam while there is only a temper-
ature gradient of about 100 K/cm in the 3.9 ppc foam.
However, as pointed out earlier, during start-up, the
flame is lit on the downstream surface of the 3.9 ppc
foam and then propagates completely through the 3.9
ppc foam before stabilizing near the interface between
the foams. Thus, although the steady-state temperature
distributions in the foams during burner operation are
very different, the peak temperature gradient experi-
enced in both foams due to start-up of the burners are
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Figure 10 Scanning electron micrograph of (a) cross section of as-received 3.9 ppc coupon showing the presence of intrastrut voids and (b) propagation
of cracks from these voids during exposure to the burner.

similar. Recalling that increasing the exposure time in
the burner did not influence the strength degradation of
the foams, it is apparent that the most of the damage
occurs during start-up as a result of these temperature
transients.

Fig. 10a is a cross-section of the 3.9 ppc foam in
the as-received condition showing that the each strut

is hollow containing a pore with three sharp cusps.
Other than these intrastrut pores, there are few other de-
fects apparent. Similar observations were made on the
23.6 ppc foam. An SEM micrograph of a the 23.6 ppc
foam after quenching and testing shows that the failure
mechanisms in this foam involves propagation of cracks
from the cusps of the intrastrut pores, splitting of the
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struts, and eventually linking of the these cracks until
a section of the material fails catastrophically. Similar
observations of failure mechanisms in foams have been
reported previously in a number of ceramic foams
[13, 16].

5. Conclusions
YZA ceramic foams tested in this study suffered less
thermal shock damage during water quenching com-
pared to those tested previously under similar condi-
tions and thus are candidate materials for use in porous
burners. During burner testing the foams suffered mod-
erate strength degradation as a result of thermal gradi-
ents that existed during combustion. The magnitude of
the strength degradation was similar in both the 23.6 ppc
foam used in the upstream section of the burner and the
3.9 ppc foam used in the downstream section and scaled
with the magnitude of the thermal gradients, which in
turn varied with gas flow rates and the fuel-to-air ratio.
There was no evidence of chemical attack during com-
bustion and increasing the time in the burner did not
influence strength. These results suggest that most of
the damage to the foams does not occur during steady-
state operation of the burner but rather occurs during
start-up when transients occur and the maximum ther-
mal gradients likely exist.

Compression tests on coupons removed from burn-
ers and on coupons exposed to a water quench revealed
a number of similarities in the failure mechanisms. For
YZA foams that experienced no thermal gradient or a
modest thermal gradient, compression testing resulted
in delocalized damage over the entire specimen. Cor-
responding plots of stress versus strain exhibited sig-
nificant non-linearity prior to the peak stress and the
coupons retained significant load-bearing capacity af-
ter the peak stress to large strains. For coupons exposed
to large thermal gradients, compression tests resulted
in localized failure by propagation of a dominant crack
along a plane. The corresponding plots of stress versus
strain revealed significantly less non-linearity prior to
the peak stress and nearly catastrophic failure with little
load bearing capacity after the peak stress. This dra-
matic change in fracture morphology and retained dam-
age tolerance despite only small differences in strength
has not been reported previously and suggests that dam-
age in YZA foams from exposure to large thermal

gradients during water quenching or in a porous burner
is highly localized.
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