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Abstract

Cordierite foams were produced using the polymer foam replication method. The effects of both the structure of the polymeric foam template
and the slurry’s solid loads on the compressive strength and the sintered structure of the ceramic foam were evaluated in order to achieve
the optimal manufacturing conditions. The compressive strengths of cordierite foams were measured at room temperature. Polyurethane
(PU) foams were used as templates. Aqueous ceramic suspensions were prepared with solids weight fraction ranging from 50 to 65%. The
effects of both the PU density and the solids volume fraction on porosity and strength of the developed cordierite foams were evaluated. The
cordierite foams produced are of semiclosed-cell type. Some impregnation difficulties were experienced with increasing of the PU density. The
compressive strength of the cordierite foams increased (from 0.1 to 2 MPa) with increasing solids volume fraction. These data are in agreement
with the predictions of the model developed by Gibson and Ashby. However, the exponent of the model was half of the measu8d one (
over the range of relative densities investigated (80—90%). Such discrepancy might be related to several factors such as the morphological
differences in the structural unit of the developed foams with respect to a cubic open-cell foam or to the mixture of both open and closed cells
or to the presence of non-periodic cells. In addition, it was found that the compressive strengths depended on the cell size for foams of similar
relative densities and generally decreased with increasing of the cell size, which deviates from the theoretical predictions. When the starting
polymeric substrate contained a higher fraction of closed cell windows, however, the ceramic material present on the cellular structure was
not only distributed on the struts but also filled the cell walls. This contributed to an increase of the relative density of the cordierite foams
and consequently to higher compressive strengths.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction can lead to failure of these typically weak and fragile ma-
terials. The experimental data available on compression be-
Open cell ceramic foams are being used mainly in appli- haviour of brittle ceramic foams is extremely limited. Thus
cations where fluid transport through the microstructure is there is a need to understand failure mechanisms of these
needed, including thermal insulation, molten metal filtration materials under compression loads in order to suggest ways
and hot gas cleanup, owing to their low bulk density, low ther- of improving both macro and micro-structural designs. Cell
mal conductivity, low dielectric constant, very good thermo- size effect is often significant for brittle crushing with fail-
chemical resistance and excellent thermal shock resistance. ure stresses usually increasing with decreasing celfsine
In most applications damage produced by compressive loadghus it should be taken into account in microstructural design.
There is also scarce information available in the scien-
* Corresponding author. Tel.: +351 210 924 600; fax: +351 217 166 568, UfIC literature on the processing of ceramic foams. Several
E-mail address: fernando.oliveira@ineti.pt (F.A.C. Oliveira). methods can be used to fabricate ceramic materials with a
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cellular structure. The fabrication method chosen determinesTable 1 _ _
the range of porosity, the pore size distribution and the pore Densities of the PU foams investigated

morphology. It is usually difficult to control void fraction  Foamgrade opu (kg m~3)
and window size. Replication of polymeric foams offers a 20DpB 21
simple, inexpensive and versatile way of producing ceramic 22 SB4 22
foams with pore sizes in the millimetre range but normally ggg; Eg

produces hollow struts. As the properties of ceramic foams
are influenced by their structufeelatively poor mechanical
properties are achieved owing to processing-related fléws. da Madeira, Portugal. Polyurethane foams were selected
The choice of the ceramic material has been made onbecause they possess adequate resiliency, hydrophobic be-
the basis of technical and commercial constraints. Cordierite haviour, ability to be uniformly covered and low tempera-
has been selected owing to its low thermal expansion coeffi- ture volatilisation without yielding noxious by-products mak-
cient, adequate thermal conductivity and excellent resistanceing them suitable to produce fine (<1 mm cell size) ceramic
to thermal shock. As a low cost material, readily available foams.
and easily mass produced, it has proved satisfactory for au- Polyurethane foam samples (rectangular blocks of approx-
tomotive engine catalyst supports. imately 40 mmx 40 mmx 30 mm before coating and firing)
Although a number of theoretical models have been were dipped into the slurry and compressed to fill the void
developed to describe the mechanical behaviour of cellu- space. The excess slurry was removed by passing the samples
lar materials with respect to their relative density there is through a set of rotating rollers at a fixed distance. After pass-
no experimental verification, to the author’s knowledge, for ing through the rollers the samples were placed on polished
the case of the compressive behaviour of cellular cordierite marble surfaces and allowed to dry at room temperature for
foams. Since most theoretical models can be satisfactory ap-at least 12 h. The samples were then placed in a drying oven
plied only for relative density values (density ratio of the bulk featuring both temperature and humidity control. After dry-
density of the foam to the density of the cell struts and faces) ing the polyurethane foams were removed from the coated
lower than 0.2, processing parameters were set to allow ce-foam samples by a pyrolysis step in air using a slow heat-
ramic foams to be obtained fulfilling this requirement. The ing rate (1°C min—1 to 500°C) and subsequently sintered at
motivation for the present study was therefore twofold: (a) to 1300°C in an industrial gas furnace.
show the capability for microstructural control of cordierite The bulk density and open porosity of the resultant foams
ceramic foams by varying both the substrate polymeric ma- were determined from the weight-to-volume ratio. The den-
terials and processing parameters as well as (b) to developsity of the solid struts was measured using a Accupyc 1330
an understanding for the failure in compression of cordierite pycnometer (Micromeritics, Norcross, GA, USA).
foams based on the relationship between the microstructure The foam morphology was characterised by scanning elec-
and the compressive behaviour. It was therefore the purposdron microscopy (SEM). Observations were carried out on
of this study to identify ways of improving their mechanical a Philips XL 30 FEG scanning electron microscope using
properties as low compressive strength limits the loads thatelectron secondary beams at 1-2 kV. Several microstructural
can be applied to these cellular ceramics. features of the polyurethane and cordierite foams have been
determined using image analysis software and were discussed
in more detail elsewhef®Based on the SEM images av-
2. Experimental procedure erage values for theell equatorial diameter L, the struts
thickness expressed by its transverse lengthhe window
Cordierite-based ceramic foams were fabricated by the shape expressed by the ‘aspect ratio’, a.r., which is defined
replication method described elsewhéraqueous slurries  as the ratio between the major axis length and its perpen-
with solid contents ranging from 50 to 65 wt.% were prepared dicular, and thenaterial volumic proportion, V;, were de-
from a powder mixture of materials (ball clays, talc, alu- termined. The areas, perimeters and cell wall thickness were
mina and silica) that form cordierite upon firing (grade BL7 directly determined using a commercial image analysis soft-
from Rauschert Portuguesa Ltd., Carcavelos, Portugal; speware (Mocha} Cell lengths were obtained by the linear inter-
cific surface area=11%y ! average particle size = 48n cept method? For this purpose several parallel lines (equally
and true density =2.91 g cm). In order to ensure adequate spaced by 0.35 mm) were superposed on the micrographs and
rheological behaviour additions of 0.8 wt.% dispersant (Tar- the number of cell walls intersected by unit lendth was
gon 1128, BK Ladenburg, F.R. Germany) and 2 wt.% binder determined. The average celllengthis then giveh byl/P, .
(Sodium bentonite, MO34, Chemicer, Spain) were made A set of 120 measurements was carried out for each sample.
based on the weight of dry solid added. The solid fraction of the foamB, was determined through
The open cell polyurethane (PU) foams used were four the ratio of the area occupied by the solid to the total area mea-
grades (hereafter referred to as 20DB, 22SB4, 28SBI andsured on each SEM micrographs. This implies thati, is a
25HR) of different densitiesTable ), which were man- measure of the foam porosity. The diameters were calculated
ufactured by Flexipol — Espumas Sititas S.A., S. Hp assuming that cells have a circular section.
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Table 2
Geometric densitydct), compressive strengthrfs) and porosity £) of the cordierite foams
Solid load (wt.%) PU grade
20DB 22 SB4 28 SBI 25HR
p (gem3) 0.29+0.01 0.30+£0.01 028+0.01 0.20+0.01
50 oct (MPa) 0.24+0.05 0.61+0.04 Q047+0.09 0.06+0.01
€ 0.89 0.89 B89 0.92
o (gen3) 0.30+0.01 0.270.01 027+0.01 0.22£0.02
55 oct (MPa) 0.34+0.01 0.62+0.05 Q70+0.12 0.13+0.03
e 0.89 0.90 0 0.92
o (genm3) 0.35+0.01 0.39+0.02 035+0.01 0.34+0.05
60 oct (MPa) 0.84+0.05 1.88+:0.08 Hollow 0.73£0.07
& 0.87 0.85 (0274 0.87
o (gem3) 0.51+0.01 0.48+0.02 042+0.03 0.48+0.02
65 ocf (MPa) 1.59+-0.28 Hollow Hollow 1.24+£0.14
e 0.81 0.82 mB4 0.82

Values are presented as the mea®.D. of the mean for four samples.

225B4

Fig. 1. Cross-section of 22SB4 cordierite foam impregnated in a slurry con-

taining 65 wt.% solid load.

The cross-sectional area of the sample and the maximum fail-
ure load were used to calculate the fracture stress. As the sur-
faces ofthe foams were not entirely flata compliant polymeric
layer (2 mm thickness PVC) was used between the loading
rams and the samples to assist in uniformly loading the bulk
cordierite foams.

3. Results

The density of the cordierite foams fabricated by the repli-
cation method increased with increasing of the solid content
in the slurries Table 9. Some difficulties were experienced
in impregnating the 28SBI type of foams. Under some condi-
tions, cavities were observed in the core of the sintered foam
samples. This is related to the higher density of this PU foam
as compared to the others, which makes it difficult for the

The compressive strength was measured according to theslurry to reach the interior of the foam. On the other hand,

procedure described in a previous stddwsing a standard

increasing the solids load above 60 wt.% has also resulted in

mechanical testing machine (Model 4302 Instron Corpora- difficulties in the impregnation of the 22SB4 type of foams

tion, Canton, MA, USA) fitted with a 10 kN load cell and flat
steel plates closing with a cross head speed of 0.5 mmmin
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Fig. 2. Influence of slurries solid load on the compressive strength of the

cordierite foams.
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in spite of its lower density. As illustrated Fig. 1, cavities
were also observed for samples made using 22SB4 polymer
foams dipped into 65 wt.% solid load slurries. This suggests
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Fig. 3. Typical compressive test data for a cellular cordierite foam sample.
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that ideally one should select polymeric foams of low den- ear elastic behaviour for the typical fracture of brittle foams.
sity and open-cell structure since the presence of closed cellWhen the applied load exceeded a given value the sample
windows hinders the access of the slurry to the core of the started crushing and struts begun failing prior to attaining the

polymeric substrate. maximum stress (presumably weaker struts or those aligned
The compressive strength was found to increase with in- in a favourable direction for maximum stress). The com-
creasing of the solids volume fraction as expected.(2). pressive strength was determined from the point in the chart

Fig. 3 shows a typical load—displacement curve for the recorder where the load reached its maximum. At the crush-
cordierite foams under compression testing. In the initial ing point propagation of macroscopic cracks has resulted in
stage the load increased linearly. This corresponds to the lin-a load drop. Additional deformation of the foam occurs as

1 mm

Fig. 4. Typical SEM micrographs showing the microstructure of polymeric foam templates (a, c, e, g) and the corresponding cordierite foams (b, d, f, h)
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the sample becomes progressively damaged (layer by layer)
from either the top or the bottom owing to breakage of struts.
It was observed that struts were failing prior to attaining the
maximum stress and that the failure of these struts was ac-
companied by slight drops in the load/displacement curve.
As noticed the compressive strength was not associated with
the failure of a single strut but rather with the propagation of
either a macroscopic crack or multiple cracks after damage
accumulation has reached a critical level.

Typical macrostructures of the sintered foams are shown
in Fig. 4 These foams were found to consist of a three-
dimensional array of struts. The cells shape of the cordierite
foam is polyhedral and show preferential orientation associ- oo k Ragn
ated with the polyurethane rise direction. Some of the cell
windows are covered with a thin ceramic membrane. Longi-
tudinal strut cracks were observded. 5a) at the relatively
sharp edges of the hollow triangular cross-section struts of
the PU substrateF{g. ). The major processing problem
arises from difficulties in coating the sharp edges with the
slurries. After coating, the thickness of slurry in these ar-
eas is lower than elsewhere. It is apparent that the triangular
cross-section of the polymeric foam struts originates strength
limiting flaws in the ceramic foam. To overcome this prob-
lem, itwould be useful to apply some process that could make
the cross-section of the PU foams become less angular.

Table 3lists the main macrostructural features measured
on both polymeric and corresponding cordierite foams. As

t Magn Det WD

indicated by the aspect ratio of the cells are elongated in the Y 1000x _BSE 14.7

rising direction of the PU foams. This means that the assump- (b)

tion, which has been made inthe diameter determination, only

provides a rough estimate of the true cell diameter. Fig. 5. SEM photographs of a sintered open cell cordierite sample show-

ing (a) a longitudinal crack on the strut surface and (b) the hollow nature
(triangular void) of the cell struts.

4. Discussion

of the cells consisted of closed windows. The larger scat-

The use of 28SBI foam templates of high density ter in oc data for this type of substrate is associated with

(>50 kg nT3) and small cell size (<60@m) has resulted in  the difficulties in distributing uniformly the slurry within the
impregnation problems, particularly for slurries with solid polymeric foam. In spite of its lower density, 22SB4 foams
loads above 55 wt.%, as anticipated. However, itis interesting were also difficult to impregnate. Nonetheless, the highest
to note that the compressive strength of cordierite foams madeo s values were recorded when using this type of template
from such templates at 55wt.% solid load showed higher for a solid load of 60 wt.%. Once again, this is attributed to
compressive strengths ) than all the others. This is most  the structure of the foam rather than the cell size. As shownin
likely related to the structure of the resulting foams, as most Fig. 4, PU foams of the 22SB4 grade consisted of cells with

Table 3

Microstructural characterisation of the PU substrates and the cordierite foams made from slurries containing 60 wt.% solids

Foam grade Cell mean Strut mean Cell mean Solid volume Window shapeg.r.
diameter,L (pm) thicknesst (um) perimeter,1_> (mm) fraction, Vy

POLYMER 20DB 715+129 59416 2.53+0.46 0.114+0.04 1.38:0.13

22SB4 888t 35 79+ 22 3.28+0.10 0.14+0.01 1.0+ 0.04

28SBI 5872 58+ 15 2.15+0.30 0.10+0.01 1.42+0.09

25HR 930+ 119 7721 3.28+0.52 0.11+0.01 1.1+ 0.25

CERAMIC 20DB 575+ 55 59+ 14 2.02+0.22 0.13£0.02 1.16+0.05

22SB4 T1AH 21 58+ 16 2.51+0.14 0.16+0.02 1.09£0.02

28SBI 524+ 78 71+ 15 1.88+0.28 0.19+:0.02 1.34+0.08

25HR 716+ 93 93+ 26 2.50+£0.35 0.16£0.01 1.21+0.25

Values are presented as the mea®.D. of the mean of 120 cell measurements.



184 FEA.C. Oliveira et al. / Journal of the European Ceramic Society 26 (2006) 179-186

a higher content of closed thin windows than those of grades The damage accumulation process was also observed by
20DB and 25HR. Since the cordierite foams replicated the Brezny and Greef® Plotting their experimental data for open
polymeric ones, the contribution of these closed windows to cell alumina-mullite foams, we obtained an exponent of 2.2.
the overall structure cannot be neglected. On the other hand, Colombo et dlhave also reported an
The compressive strength of ceramic foams depends onexponent of 3.6 for silicon oxycarbide foams under com-

various factors such as the structure and the relative densitypressive loads. The value of the exponent not only varies in
Both the macrostructure (i.e. the arrangement of cells) and theaccordance to the micromechanical model used but also de-
microstructure (for instance, the presence of cracks within the pends on the proportion of open and closed cells and on the
struts), have a strong influence on the mechanical behaviourmechanism of load transfer among the various constituents

of the ceramic foam. of the structuré® In view of the fact that the loading system
Studies of brittle cellular materials have demonstrated a used was rigid and the surfaces of the foams were not entirely
relationship between the compressive strength énd rela- flat, a compliant layer was used to correct misalignments thus

tive density pcf/ps). Assuming that the unit cell for open-cell  allowing the load to be transferred in a more uniform fashion.
materials is represented as a cubic array of struts of squareThe difficulties in uniformly loading these porous materials
cross sectiom and lengthL, Gibson and Ashby?13 devel- may also account for the discrepancy between the experimen-
oped models capable to explain the mechanical behaviour oftal data and the theoretical models. This issue has yet to be
these materials providing that the deformation mode of the solved in spite of suggestions made for the use of compli-
struts and walls is correctly identified. The bending microme- ant ramst’ In the case of the cordierite foams produced in
chanical model developed by Gibson and Ashby (hereafter this study, the exponent is higher than that predicted by the
referred to as GA model) assumes that the mechanics of aGA model for closed-cell foams (the exponent is 3/2 or 2,
unit cell can be applied to describe the overall deformation depending on the cell morphology being open or closed cell,
behaviour of the foams and that the dependence.pbn respectively). This is not surprising since the morphology of
pcil ps Of brittle foams relies on the fact that collapse occurs the foams obtained by the replication method is more similar
when the bending moment being applied to the struts reachego a closed foam rather than to a reticulated (open-cell) one.

the fracture moment: In fact, cell windows are present in most cell walls, as shown
1 in Fig. 4. This does not mean that the porosity is not inter-

Mi = ~opst° (1) connected and therefore they can still be considered as open
6 cell foams.

whereors is the fracture strength of the strut material (i.e. ~ For most porous solids, the relationship between cell

65+ 5MPa for dense cordierit€)Under these conditions ~ (Pore) size ) and porosity{) is extremely complex. Indeed,
the Compressive Strength of the fom can be calculated itis difficult to isolate their influence on the mechanical prop-

through the relationship: erties of these materials. Itis well accepted that the increasein
mechanical strength through reduction in the porosity is asso-

ocf oct\ 22 ciated with cell size decrease. Either increasing void volume

ots =+1 s ) (porosity) or cell size within the structure will, however, cause

a decrease in the mechanical strength. Gibson and AShby
wherep¢s is the bulk density of the ceramic foamp is the showed that for low density foampd/ps<0.1), with open
density of the solid struts (2.62 gcry, measured by pyc-  cells, a relationship betweerandD is valid:

nometry) and’1 is a geometric constant characteristic of the

unit cell shape found to be equal to 0.65 for brittle open-cell 5

foams by fitting the theoretical equation to limited d&ta. Pef _ 1l—g= c<£) ()
Zhang and Ashby derived an analytical solution for this con- s
stant, assuming tetrakaidecahedral unit cell geometry, and
suggested a value of 0.48 The experimental compressive wherer is the strut thickness and is a geometric constant
strength data ifable 2were plotted versus the relative den-  close to one. This equation is only valid if the ratib re-

sity and evaluated using the GA model for brittle cellular mains constant as the pore size varies; in other words, only
foams. The compressive results deviated significantly from if ; increases proportionally to the pore diameter. This only
the model, as an exponent®B was obtained (i.e. twice as  happens if processing permits porosity to remain constant
large as that predicted by E(R)). This is not surprising in  for different pore sizes. Considering the slight variance of
view of the fact that the GA model for Compressive failure porosity in ceramic foams, qu) has a limited range of

of brittle open-cell foams is based on the catastrophic col- applicability. Nonetheless, the relationship between ceramic
lapse of cells at a critical stress value whereas we assume&oam properties and porosity is still widely used:

the cordierite foams to fail by a damage accumulation pro-
cess. Other model limitations concern non-periodic and dis-
ordered cells, the proportion of open and closed cells and the —
microstructural defects, cracks within the struts. solid property

foam propert .
o PP i — ey @
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whereC; andn; are constants depending on the foam struc- This could be associated with linking of pre-existing micro-

ture. Dam et al'” have proposed that: cracks. Thus, it is likely that the cordierite foams under in-
29 vestigation failed in a similar manner to the alumina-mullite
whereA is a constant equal 0.30. As= 1 — pct/ ps, this equa- The compressive strengths for the foams investigated in

tion is equivalent to Eq(2) but with a higher exponent. An  the present work increase with the total volume fraction of
important feature of the cordierite foams made by the repli- ceramic as predicted by E@). If one considers Eq(3),
cation method that is not accounted for in the theoretical it is expected that/L will increase with increasing density,
development is the hollow nature of the cell ceramic struts, but as seen iffable 3 this ratio does not change apprecia-
due to volatilisation of the organic foam substrate (as seen inbly (0.08-0.14). Not surprisingly, the cordierite foams made
Fig. 5). Itis straightforward to modify the equation proposed from 22SB4 polymeric templates showed the lowest ratio,
by Gibson and Ashby to account for this effect. Considering indicating that the material which is added to increase the
that the (square) struts in the micromechanical model of Gib- density of the structure is not distributed uniformly on the
son and Ashby contain a square hole of dimensioat low struts but rather goes to fill closed cell windows. This clearly

densities, one can rewrite E@) to complicates the use of E(R) for this type of cellular mate-
rials.
t\2 7\ 2 1 A consistent trend of higher values was observed for
ocf ~ Cots (Z) 1- N (6) cordierite foams derived from 20DB polymeric foam sub-

strates as compared to 25HR foams in spite of their similar
owing to the fact thapet/ ps~(t/L)2. Hence, the hollow nature  bulk densities. This is related to higher relative densities ob-
of the struts will reduce the moment of inertia of the cell struts tained for the 20DB type of foams. This contrasts with the
by afactor of [1— (7/1)*].18 This is regarded as the main cause expectation that materials with high&twould lead to higher
for the low mechanical strength that characterise this type of relative densities (cf. E(3)), thus indicating that the com-
structure. pressive strength is closely related to the structure of the cells
As shown inFig. 5, the actual strut geometry consists of network. In this particular case, the reduction of cell size can
beams containing an internal triangular hole. Assuming that also play a role in the overall compression performance, as
these beams are rigidly supported at both ends, under thesmaller cell sizes should increase compressive strength.

action of a central point force, Brezny et &Y. derived the It appears from this work that the compression behaviour
following equation to determine the strut strength X as as afunction of the relative density is rather difficult to model
accurately. There seemsto be a close relationship betwgen
36PLD S . .
o= —————————— ) and the structure of the material (in particular the proportion
9w D4 — 16bh3

of open and closed cell windows, the defect population and
whereP is the fracture loadD is the outside diameter of the the cell geometry). Therefore, one needs to eliminate strut
strut, andb and/ are the base and height of the triangular cracks and other large flaws in order to increase the strength
hole within the strut. If the beam is not rigidly supported, of the individual struts during the fabrication process so that
the strength is actually higher than that predicted by(E). maximum strength in the bulk foam can be achieved.
Additional errors are associated with the fact the compliance
of the nodal supports can vary depending on the number of
struts which are connected to it. The compliance can be fur-5. Conclusions
therreduced by the presence of cracks formed during polymer
burnout, as shown iRig. 5. This work has brought insight into the effect of some criti-
To design a foam, one should also take into account size cal manufacturing parameters of ceramic foams by the repli-
effects when developing these very porous materials. In fact, cation method, namely the ceramic solid load in the slur-
large samples fail at lower stresses than small ones simply beries and the density, cell size and microstructural network
cause the probability that they contain a larger pre-existing geometry of polyurethane foam templates, on the compres-
flaw is higher. Brezny and Greérshowed that not only sion behaviour of brittle open-cell cordierite foams. The use
decreased linearly with increasing cell size for reticulated of different PU substrates allowed the fabrication of open-
vitreous carbon foams but also that failure was attributed to cell cordierite foams with a variable morphology, and there-
localised damage within a region ultimately resulting in col- fore different properties. The compressive strength of the
lapse of a band of cells perpendicular to the direction of load- cordierite foams increased with increasing relative density in
ing. For this type of foam a relatively narrower distribution of accordance to theoretical predictions. However, there seems
strut strengths (higher Weibull modulus, exgy = 6) was ob- to be some influence of the distribution of strut strengths on
tained. Instead for alumina-mullite foams possessing hollow the compressive behaviour as these foams contain a large
struts with a large number of processing defects (and consenumber of pre-existing cracks and defects resulting from
quently a wider distribution of strut strengths, = 3), they the manufacturing process. Under compressive loading, these
observed a gradual degradation of compressive strengthscellular materials failed by a damage accumulation process
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rather than by catastrophic collapse of cells perpendicular to 3.
the direction of loading. It is postulated that the accumula-
tion of damage occurs at two levels: within the struts and
within the macrostructure. Hence, the compressive strength
dependence on the structure of the ceramic foam is not easy s
to predict since the strength of the struts has a direct effect
on that of the foam. It has also been shown that foams with
larger cell sizes (cf. 22SB4 versus 20DB) do not necessarily &
possess lower resistance in compression. This suggests that
further work should focus on the understanding of the rela- 7.
tion between the material behaviour under compression and
its structure so that new materials with improved performance
can be developed. Although limited data is yet available to
establish a sound relationship between compressive strength
and cell dimensions, the results of the present work clearly
suggest that the inclusion of pore size into models describ-
ing ceramic foam properties should be sought, sinbas a
higher degree of variability thanfor most cellular ceramic
structures found in the literature. This ought to be a topic of |,
a future study.
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