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bstract

X-ray tomography images of different cellular ceramics have been obtained using appropriate tomography setups. The samples exhibited a wide
ange of cell sizes (�m to mm) but a narrow range of porous fraction (75–85 vol.%). The images have been processed to retrieve the local fraction
f ceramic. The average value of this measurement have been compared with a standard method based on image analysis of optical micrographs.
he thickness distribution of both pores and ceramics was also retrieved using three-dimensional (3D) mathematical morphological operation on
he images. The average value of these granulometry measurements was compared to optical and electron microscopy measurements.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Many examples of cellular ceramics can be found in the nat-
ral world (see for instance the structure of shells or coral1),
ince their structure is very efficient from, among other prop-
rties, the strength/density ratio point of view. To exploit those
avourable characteristics, several processing methods have re-
ently been developed that allow the fabrication of components
ith a cellular structure made of metal, polymer or ceramic.2

mong the different applications for highly porous ceramics,
f great engineering relevance are filters for molten metal or
articulate in a gas stream,3 scaffolds for bone replacement or
issue culture,4 porous burners,5,6 kiln furniture7 and compo-
ents for many more specialized uses.7 The main properties of
nterest for all these applications (permeability, thermal trans-
ort, strength, trapping efficiency, electrical conductivity) have

direct relation with the morphology of the cellular material.8

he amount of porosity, the connectivity of the porous network,
he size of the pores/cells, the dimension of the solid struts, the
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nterconnections between cells are all key parameters for the op-
imisation of the cellular component to be employed for specific
pplications.9 Thus, there is a crucial need for accurate meth-
ds to measure the above parameters constituting the cellular
tructure. The standard ways of imaging materials, based on
he observation using appropriate microscopy techniques of the
uter or fracture surface of these structures can provide straight-
orward solutions in some cases. Volume fraction can be de-
ived from surface observations (besides being obtainable from
ensity measurements). However, accurate image analysis does
equire some effort, and the investigation of a single or few
ross-sections from a sample can fail to describe the material
n its entirety (for instance in the case of a component with a
raded porosity or a non isotropic morphology of the cell). The
etermination of the size of the various components (solid phase,
ore/cell) is even more complex, as the exact shape of the pores
r solid parts of the material are never completely well sampled
y surface observations. This can be overcome in some cases
hanks to stereology relations.10 Nevertheless, when connectiv-

ty and tortuosity have to be precisely measured as in the case of
roviding data for modelling fluid transport within the porous
omponent or acoustic absorption, one can only rely on the de-
ermination of the actual three-dimensional (3D) microstructure.

mailto:eric.maire@insa-lyon.fr
dx.doi.org/10.1016/j.jeurceramsoc.2006.05.097
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X-ray tomography is now a versatile technique which can
uickly and simply provide 3D images of the actual microstruc-
ure11,12 especially in the case of highly porous materials.13–16

he images obtained by this technique can now be processed
nd analysed through 3D image analysis routines which have
een recently developed and implemented.17 The resolution of
he technique has greatly improved thanks to the use of spe-
ialized equipments and is now of the order of 0.3 �m.18 The
im of this paper is to present examples of quantitative analysis
f the morphology of a wide range of different highly porous
ngineering components, which have been analysed by X-ray
omography, to illustrate the versatility of the technique as well
s to compare the results with data obtained using conventional
mage analysis of optical micrographs.

. Experimental conditions

.1. Samples chosen

Six different cellular ceramic materials, possessing a simi-
ar, high level of porosity (∼75–85 vol.%) and an average cell
ize ranging from a few microns to a few millimetres were
elected for this study. Conventional images of these samples
optical or scanning electron microscopy (SEM) micrographs,
epending on the size of the microstruture) are shown in Fig.
. Some of these materials were commercial products, such
s a cordierite honeycomb (Celcor®, Corning Inc., Corning,
Y, USA, sample labelled Honey) and two alumina foams of
ifferent cell size (VUKOPOR® A, Igor Lánı́k - Techservis
oskovice, Boskovice, Czech Republic, samples labelled Al and
m). The other ceramic foam specimens were fabricated from
preceramic polymer (a methyl-silicone resin, MK, Wacker-
hemie GmbH, Munich, Germany) according to procedures pre-
iously reported19,20 (samples labelledSm,S50,S10). Apart from
different cell size, the samples possessed a varied morphol-

gy, in direct dependence on the fabrication method employed
see Fig. 1).2 The honeycomb sample Honey possessed parallel
hannels with a square cross-section, because the raw materi-
ls were extruded through a die. The alumina foam samples
ere obtained by the replica technique (Schwartzwalder pro-

ess), consisting in the dipping of a polymeric, open cell foam
nto a ceramic slurry, followed by sintering at high temperature.
he resulting material is comprised by a web of ceramic rods

struts) encasing a continuously interconnected open porosity.
epending on the viscosity of the slurry and on the cell size
f the starting polymeric foam, some cell walls (partially or
ompletely obstructed interconnections between adjacent cells)
an be found. The sample Sm was produced by a direct blow-
ng technique (evaporation of a low boiling point solvent) and
n the resulting morphology cell walls are well developed, and
eparate cells are connected through openings in the walls (cell
indows). A strut in this material can be identified as the area
here cells are in contact, forming a solid region with a trian-

ular cross-section. Samples S50 and S10 were produced by the
urn-out of sacrificial fillers (polymeric spherical microbeads),
nd the resulting morphology is very similar to that of a foam
btained by direct foaming techniques (see later—Fig. 6).

•
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Standard relative density was determined by dividing the ap-
arent density (measured by dividing the weight of the sample
y its volume) by the true (or skeleton) density, obtained us-
ng a gas pycnometer (AccuPyc 1330, Micromeritics, Norcross,
A, SA) on finely ground powders. Image analysis (Image Tool
.0, the University of Texas Health Science Center at San An-
onio, San Antonio, TX, USA) was performed on images of the
arious samples obtained by digital photography, stereoscopic
ptical microscopy and scanning electron microscopy.

.2. X-ray tomography image acquisition

The experimental part of this study focused on the use of
three-dimensional non destructive technique, the high reso-

ution X-ray absorption tomography. Disturbance-free informa-
ion about the microstructure throughout the volume could be
btained. Very detailed descriptions of this technique can be
ound in.11,12 For the understanding of the present paper, the
mportant features of this characterization method are briefly
ummarized here.

X-ray tomography is based on X-ray radiography, which al-
ows the three-dimensional internal structure of a specimen to
e determined non-destructively. When a X-ray beam passes
hrough a sample, a radiograph can be formed, which is a pro-
ection of the absorption coefficients of the structures within the
ample. Tomography involves rotating the sample about an axis
erpendicular to the incident beam, and acquiring a series of
adiographs at a sequence of angles. A filtered back-projection
lgorithm21 can then be used to reconstruct the distribution of
bsorption coefficients within the volume of the sample. The re-
ult obtained after reconstruction is a regular array of the value
f μ, the local attenuation coefficient of the X-rays measured
or a cubic element of matter called a voxel (extension of the
erm pixel in 2D imaging). μ varies with the local composition
nd thus the internal structure of the sample can be determined
ithout sectioning from this 3D regular map of μ. The result-

ng data can be analysed to obtain 3D information about the
icrostructure.
As the materials investigated had an average cell size span-

ing a wide range of values (from �m to mm), the resolution at
hich their morphology was mapped was different. The samples
ere thus scanned using two different tomographs:

A standard laboratory tomograph located in the University
of Manchester (UM); this apparatus is composed of a high
power X-ray gun and two X-ray detectors everything being
included in a self protected cabin; An X-ray fan beam with
a source size of 9–10 �m is generated. Image magnification
of the sample on the CCD detector, from 100 to 1.6 at the
full scale (corresponding to pixel sizes of 1 �m up to 70 �m,
respectively) are available depending on the source-sample
distance. The radiographs have been acquired with a rotation
path varying from 0.3 to 1◦ depending on the size of cellu-

lar structure and the sample (the larger size, the greater the
rotation path).
A high resolution X-ray tomograph located at the ESRF
(beam line ID 19) in Grenoble (France).18 In this case, paral-
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ig. 1. General morphology of the samples used. Optical microscopy images o
f) S10.

lel beam X-ray tomography was performed at a resolution of
0.3 �m. The energy was set to 20 keV. The distance between
the sample and the detector was about 5 cm fixing the amount

of phase contrast to a minimum value (see22 for more infor-
mation on phase contrast). A set of 1800 projections were
taken within 180◦. The detector was a CCD camera with
2048 × 2048 sensitive elements coupled with an X-ray sen-

2

o

ples: (a) Honey; (b) Al; (c) Am. SEM micrographs of samples: (d) Sm; (e) S50;

sitive laser screen. The field of view of the detector was about
0.6 mm wide.
.3. Qualitative results

Fig. 2 a–f show qualitatively the images which have been
btained on the different selected materials. These include
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i-dimensional reconstructed grey level tomographic slices for
ach material. One can see from these images that the internal
tructure of the materials can clearly be imaged at various scales
hanks to the strong difference in the attenuation coefficient be-
ween the solid and the gaseous phase. The figures also show in
ach case a three-dimensional rendering. These 3D images are
btained by drawing a surface between all the voxels exhibiting
same grey level. If this grey level is chosen as belonging to

he limit between the solid and gaseous phase, the outer shape

f the ceramic part can be rendered in 3D, the voxels belonging
o the gaseous phase being transparent. Again, the structure are
learly visible in 3D. Note also that these rendering in Fig. 2
re quite similar to the conventional images obtained in Fig. 1.

3

l

Fig. 2. 3D view and grey level tomographic slice for the six sam
eramic Society 27 (2007) 1973–1981

able 1 summarises the nature of the different materials and
heir anticipated cell size, the resolution (expressed as the voxel
ize in the reconstruction) and tomograph equipment used for
canning. It also identify each sample with a label. The samples
resented all a random structure except the honeycomb (see
ig. 2).

. Experimental results
.1. Grey level image processing and thresholding

The 3D images obtained were processed and analysed. The
ast step of the process is the segmenstation which will separate

ples. (a) Honey; (b) Al; (c) Am; (d) Sm; (e) S50; (f) S10.
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Fig. 2. (

ll the voxels of the image into two families (black and white)
hich will hereafter be understood as belonging to the ceramic

olid phase and the gaseous phase (contained in the empty cells),
espectively. Naturally, the output of this processing step should
esemble as closely as possible the actual microstructure of the
pecimens. The grey level images seem visually to be quite easy
o separate into two families. However, depending on the quality
f the initial images (i.e. the amount of noise included by the
cquisition and reconstruction processes), the thresholding pro-
ess was not always straightforward. In some cases, a series of
mages processing steps were applied to improve the grey level
mage and facilitate the last step. These steps included grey level
qualisation and 3D median filtering over a neighbouring of one
r two voxels depending on the amount of noise. In the case of
he images obtained using the ESRF tomograph, the threshold-
ng was even more tedious and was performed using a region
rowing procedure. Once thresholded, the images were analysed
sing the tools described in the following section.

.2. Density measurement
The most simple characterisation of a porous material is to
easure the density, by calculating the proportion of voxels be-

onging to the solid phase. This could be performed on a global

o
l
b
t

able 1
ummary of the nature, the structure and the pore size of the samples studied

Ceramic material Structure of the sample Cell size

Cordierite Honeycomb (oriented) Large
Al2O3 Foam (random) Large
Al2O3 Foam (random) Medium
SiOC Foam (random) Medium
SiOC Foam (random) ∼50 �m
SiOC Foam (random) ∼ 10 �m

he tomograph equipment and the resolution used for the imaging are also listed i
pecimens.
nued ).

anner in the six different studied samples counting the num-
er of white voxels and dividing by the total size of the block
n voxels. Because the tomographic data describes the three-
imensional structure, profiles of density calculated in slices as
function of position of each slice can be created. Fig. 3 shows,

or two samples (Honey and Al), typical profiles of the density
alues measured in each slice as a function of the slice number.
his measurement was performed along two different directions

i.e. in two families of parallel slices) in each case. For statisti-
al reasons, the average of the surface fraction over a sufficient
umber of this kind of slices is equal to the average fraction of
orosity over the volume. Around this average, and at a different
tudied scale in each sample, the surface fraction in each slice
n a given direction is quite strongly fluctuating. The profiles re-
orted in Fig. 3 show this fluctuation. In sample Honey, it can be
een that the fraction in direction 1 is very homogeneous while
t shows peaks of 100% of ceramic when the slice coincides ex-
ctly with a wall in direction 2. In sample Al, the fraction is more
omogeneous in direction 1 than in direction 2, where a higher
oncentration of ceramic is detected close to one of the faces

f the sample. This higher ceramic content can be seen in the
eft side of the sample shown in Fig. 1b. The size of the studied
locks is not isotropic in the two cases and this explains why
here are more measurements (because there are more slices) in

Tomograph used (�m) Voxel size Sample label

UM 38 Honey
UM 80 Al

UM 20 Am

UM 22 Sm

ESRF 0.3 S50

ESRF 0.3 S10

n the table. The sample label will be used hereafter to identify the different
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ig. 3. Examples of volume fraction profiles of the ceramic as a function of the
lice number in two samples (Honey and Al samples) and in two directions for
ach material.

irection 1 than in direction 2. The fluctuation exemplified in
he figure can be characterised by the variation coefficient equal
o the standard deviation of the surface fraction over the slices
ivided by their average. The average density values and the vari-
tion coefficient (VC) have been obtained measuring along the
hree main perpendicular directions (x, y and z) for the different
pecimens, and are summarised in Table 2. The density values,
btained by conventional picnometry and weighing techniques
re also reported in the last column (relative density standard).

.3. Size distribution

In addition to the simple measurement of the density, it is
seful to obtain a measure of the characteristic size of each of
he two phases (the pores—cell size—and the ceramic matrix—
omprising both the strut size and the cell wall thickness). Mea-
uring a typical size of an interconnecting network of two phases
s not a trivial procedure. Standard image processing measures
ize by agglomerating connected voxels and measuring the di-
ensions of each aggregate, but this only works if the objects to

e measured are isolated in a matrix. In the case of co-continuous
interpenetrating) networks of two phases—as for the samples
e analysed in this work—a typical size can be calculated us-

ng a computational processing procedure composed of a se-
uence of standard mathematical morphology operations ap-
lied to the binarised 3D images. This sequence of operation
llows to measure the granulometry (i.e. the density distribution

f the thickness) of the studied phase in the material. Sequential
D morphological erosion and dilation operations of increasing
ize are applied to the phase of interest. After an erosion oper-
tion of thickness t, all features with a characteristic thickness

f
t
c
d

able 2
ummary of the density values obtained from processing of tomography data along t

Material Relative density tomo (%) VCx (%)

Honey 36.8 0.75
Al 25.6 8.9
Am 36.6 9
Sm 33.4 4.4
S50 23.8 9
S10 21 6

he average value is the same in each case, but the variation coefficients (VC) are dif
ast column.
ig. 4. Pore thickness distribution measurement performed on the six studied
amples using mathematical morphology on the 3D images.

maller than 2t will disappear. A subsequent dilation operation
f thickness t starting from the eroded structure will restore only
hose features with a characteristic thickness greater than 2t. By
ounting the number of voxels remaining after each erosion and
ilation, as a function of t, a histogram can be obtained de-
cribing what proportion of the phase is contained in features
f which size. This operation can be applied to both phases of
he binary image, to describe the pores (empty cells) and the
eramic matrix. More details on this method can be found in.
7 Figs. 4 and 5 compare, for the six samples investigated, the
hickness histograms measured on the gaseous phase (porosity)
nd the ceramic phase, respectively. Given the large distribu-
ion of typical sizes covered in the present study, the scale of
he thickness horizontal axis of the figure is logarithmic. These
istograms can be processed to retrieve the value of the average
nd of the standard deviation (allowing to calculate the variation
oefficient of the distributions) of the measured thickness dis-
ributions. A summary of these quantifications is given in Table
.

In order to compare these results with ones derived from
lassical analytical procedures, image analysis was performed
n micrographs of the various samples obtained using different
maging techniques. A couple of images were analysed per each
pecimen, and at least 50 measurements were obtained per each

eature considered. A stereological correction factor was applied
o determine the true three-dimensional mean cell size (Dsphere),
onsidering that the average circular segment diameter (Dcirc, as
etermined directly by image analysis) is smaller due to random

hree perpendicular directions for each studied sample

VCy (%) VCz (%) Relative density standard (%)

75 80 21.2
27 19 14.9
53 37 15.2
12 7 24.3
16 11 15.8
4 5 14.6

ferent. The data obtained using conventional techniques is also reported in the
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ig. 5. Ceramic thickness distribution measurement performed on the six studied
amples using mathematical morphology on the 3D images

runcation of the cells with respect to the depth at the plane of the
pecimen surface. According to,23 the relation can be expressed
y the equation: Dsphere = Dcirc/0.785. In Fig. 6 are shown two
icrographs detailing the various features (cell size, cell window

ize, strut size) that were quantified by image analysis in the
eramic foams. The result of these standard measurements is
iven in Table 4.

. Discussion

Density measurements shown in Table 2 indicate that the val-
es obtained using image processing of X-ray tomography tend
o be higher than the measurements performed using standard
eighing methods. This is probably partly due to an effect linked
ith the high specific surface in the materials under study and
o the limited resolution of the technique used to obtain the im-
ges. In the case of cellular materials with high specific surface,
he amount of solid located in thin regions is quite important.
n these thin regions, a mis-approximation of one voxel on each

quantified using images analysis. (a) Sample S10; (b) sample Am.

able 3
ummary of the thickness distribution measurements performed using the mathematical morphology method for each studied sample

Material Average thickness tomo pores (�m) VC (%) Average thickness tomo ceramic (�m) VC (%)

Honey 998 1 318 3
Al 2380 17 680 38
Am 351 50 647 29
Sm 220 21 93 7
S50 11.6 35 3.8 93
S10 3.4 34 1.2 17

he average is given in �m for both pores and ceramic together with the variation coefficients of each distribution.

able 4
ummary of the size measurements (cell size, strut size, cell window size see Fig. 6) for each sample, performed on optical images

Sample Pore size (�m) VC (%) Ceramic strut size (�m) VC (%) Cell window (�m) VC (%)

Honey 985 4 317 4 – –
Al 3610 12 510 13 2160 25
Am 1060 36 134 27 686 27
Sm 1100 16.4 212 23 261 34
S50 29.3 21 5 20 6.4 22
S10 7.9 26 1.1 27 1.5 33

he average cell window size is also reported for completeness.
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ide of the thickness leads immediately to a quite strong varia-
ion of the fraction of solid phase measured. In most of the cases
hen the structures are thin, the thresholding tend to be a bit

onservative i.e. threshold is fixed at a value chosen to make
ure that the cells are closed in the binarized image. This was
or example observed in the thresholding of thin shells of hol-
ow glass spheres in syntactic foams.24 The density of the solid
hase is probably a bit overestimated because of this combina-
ion of low thickness of the solid phase and over thresholding.
n the case of sample Am, we verified that if the threshold value
s strongly changed, the volume fraction of ceramic can for in-
tance be reduced from 25.6% down to about 20.7%. This brings
he measured value closer to the 14.9% measured using the stan-
ard method. In this respect, it would always be better to increase
lightly the resolution in the images but this would also increase
he size and the processing time of a given image. We believe
owever that the resolution chosen in each studied case is suffi-
iently small compared to the size of the cellular structure to be
tudied. The observed difference is probably rather due to the
resence of very fine pores, undetected by the X-ray tomography
echnique and thus considered as ceramic phase. In fact, most
ellular ceramic components are not sintered to full density, in
rder to reduce shrinkage and cost.2,7 It should be noted that the
resence of hollow struts—typical of reticulated ceramics—can
e accounted for in the tomographic analysis (see for instance
he bi-dimensional reconstructed slice for sample Al in Fig. 2
here the hollow struts can clearly be seen). In the case of the

amples S10 and S50 analysed using synchrotron images, there
s also probably an effect of the perturbation of the thresholding
rocess by the presence of phase contrast fringes25 which mod-
fies the contrast especially when the structure is thin. It can also
e seen in Fig. 2f that the resolution is just about sufficient to im-
ge clearly the structure of the S10 sample. For all these reasons
he absolute value measured using X-ray tomography should be
onsidered with due care. The relative values of these measure-
ents can however be compared and with this restriction, the

uperiority of the measurement made by tomography is that it
llows the homogeneity of the ceramic fraction to be quantita-
ively measured in different locations of the sample, as shown by
he profiles in Fig. 3. Moreover, the volumetric morphological
ata can serve as input for studies predicting important charac-
eristics of a cellular ceramic component, such as permeability,

echanical or thermal properties.
The comparison of the size measurements performed us-

ng both tomographic images and SEM images also calls for
ome comments. Except for the Honey sample, for which the
easurements coincide nicely, the thickness measurements per-

ormed using 3D granulometry of tomographic images tend to
ive smaller size measurement than the SEM images. In the case
f a percolating phase like the ones we have in the 3D images
both the solid and the gaseous phases are percolating in each
aterial except in the Honey sample), it is difficult to measure
size properly, because the typical size of the cluster of vox-
ls forming the phases is equal to the size of the studied block.
herefore, mathematical morphology has been here employed

or the data analysis. As mentioned before, this method is based
n a set of opening operations of the 3D images, the size of the

i
i

w

eramic Society 27 (2007) 1973–1981

tructural element increasing for each successive opening oper-
tion. This, then only allows to measure the amount of material
solid or gaseous phase) exhibiting a given thickness, the typical
esult of which is plotted in Figs. 4 and 5. The thickness measured
orresponds to the smallest dimension of the given phase. It is
hus natural for this value to be smaller than the one obtained
y using image analysis of optical micrographs, as shown in
ig. 6 because in this latter case we do not measure the smallest
imension but rather the average size of the cell. The average
hickness measured in some cases can be two times (cell size of
amples S10 and S50) or even three times (cell size of sample
m) smaller in the case of tomography than for standard image

nalysis. This is also due to the fact that, when performing image
nalysis using optical micrographs, we measured the equivalent
iameters of the cells present in the material, assuming them to
e spherical; however, the porosity (cell) has in reality a much
ore complex shape. Tomography analysis, instead, is capable

f sampling the full, actual morphology of a sample; this tends,
n average, to lower the typical thickness of the features con-
idered. Moreover, considering the “thickness” of the ceramic
hase, image analysis can easily give the strut dimension, but
ts use is much less straightforward for determining the cell wall
hickness. Instead, the data obtained using tomography, com-
rise at the same time both the “strut size” and the “cell wall
ize”, without distinguishing between the two morphological
haracteristics of the solid ceramic phase. This distinction can
n some cases be highlighted by the presence of two peaks in
he distribution as observed when characterising metal foams in
7 but it does not seem to be obvious in the present case (see
ig. 5). In summary, none of the measurements obtained using

he two different techniques are to be considered wrong, but the
alues shouldn’t be compared directly—especially in the case
f porous (cellular) specimens—as they are intrinsically related
o characteristics of the materials’ morphology which are not
ompletely equivalent.

In general, 3D images are meant to be more appropriate for
orphology quantification than 2D ones especially for the mea-

urement of feature size and feature number in the case of com-
lex shape as it is obviously the situation in this work. However,
he quantification of one of the microstructural parameters, i.e.
he size of the windows connecting the pores, is particularly eas-
er to perform using image analysis of micrographs than using
omography. This is because optical and electronic microscopy
an image with no blur the structure over a large depth, and also
ecause, when dealing with porous materials, one of the phases
s transparent to the light or to the electrons. In these two condi-
ions, it becomes very easy to measure precisely and with lim-
ted bias the size of the interconnecting windows between each
ells in samples where these windows exist (see Table 4). The
easurement of these interconnecting windows can be of partic-

lar value for the characterisation of transfer properties within
ellular structures. It is in principle possible to measure these
eatures from the 3D images performing successive mathemat-

cal morphology operations but this difficult image processing
mplementation was out of the scope of the present study.

Finally, it is worth noting that the values obtained coincide
hen analysing a sample like Honey with a more homogeneous
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orphology (regularly shaped cells and uniform cell wall size),
sing different experimental techniques. In agreement with the
bove discussion, in fact, in this case there is no difference in
he morphological features measured by tomography and image
nalysis. Also, due to the regularity of the structure, a very low
ariation coefficient is found.

. Conclusions

X-ray tomography images of different cellular ceramics were
ollected using appropriate equipment setups. The samples were
hosen to exhibit a wide range of size (�m to mm) but a narrow
ange of porosity (75–85 vol.%). The images were processed to
etrieve the spatial distribution of the local fraction of ceramic
measured in slices). The average density values obtained by to-
ography have been compared with those from a conventional

gravimetric) method. It has been shown that the two measure-
ents disagree, probably because 3D image processing of the

omography images overestimates the density. The reason for
his is that the part of the samples recognised as ‘solid’ by the
omography technique actually contains very fine pores, the ce-
amic being not fully sintered. At the resolution used to analysed
he cell size, these tiny pores can not be distinguished. The thick-
ess distribution of both the pores (cells) and the solid (ceramic)
hase was also retrieved using 3D mathematical morphologi-
al operations on the tomographic images. The average value
f these granulometry measurements was compared to the data
btained from image analysis of optical micrographs. This was
ound to be smaller in all cases, except when the architecture
f the sample is very uniform, as in the case of a honeycomb.
his can be explained by the fact that, particularly in the case of
orous (cellular) solids, the tomographic 3D image processing
ethod measures different morphological features from those

uantified using image analysis of optical micrographs. It can
hen be concluded that standard measurements and those ob-
ained using new 3D methods should be compared with caution.
he combination of these two types of measurement give a very
omplete and complementary picture of the microstructure and
orphology of porous ceramics which is likely to enrich the

escription of these materials.
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