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METHOD AND SUBSTRATE FOR CURING A
HONEYCOMB STRUCTURE

[0001] The invention relates to a firing setter, for firing
honeycomb structures, and to the process for obtaining said
setter. Such structures may be filter structures and/or catalytic
structures and are used especially in an exhaust line of an
internal combustion engine of the diesel type. The invention
relates more particularly to firing setters for filter structures or
for catalyst supports based on oxide ceramics, and especially
for filters based on aluminum titanate, and also to the process
for obtaining said setters.

[0002] To give anexample, catalytic filters for the treatment
of exhaust gases and for the removal of soot coming from a
diesel engine are well known in the prior art. These structures
usually all have a honeycomb shape, one of the faces of the
structure allowing the intake of exhaust gases to be treated
and the other face allowing the discharge of the treated
exhaust gases. The structure comprises, between the intake
and discharge faces, an array of adjacent ducts or channels of
mutually parallel axes separated by porous walls. The ducts
are sealed off'at one or the other of their ends in order to define
inlet chambers that open onto the intake face and outlet cham-
bers opening onto the discharge face. The channels are alter-
nately sealed off in an order such that the exhaust gases, as
they pass through the honeycomb body, are constrained to
pass through the side walls of the inlet channels in order to
rejoin the outlet channels. In this way, the particulates or soot
particles are deposited and accumulate on the porous walls of
the filtering body.

[0003] As is known, during its use a particulate filter is
subjected to a succession of filtration (soot accumulation) and
regeneration (soot removal) phases. During the filtration
phases, the soot particles emitted by the engine are retained
and deposited inside the filter. During the regeneration
phases, the soot particles are burnt off inside the filter, so as to
restore the filtration properties thereof.

[0004] So as in particular to increase the storage volume of
particulates or soot particles, and the storage volume of the
residues resulting from the combustion of these soot particles
and thus increase the time between two regenerations, various
filter structures have already been proposed in the prior art. In
particular, structures called hereafter “asymmetric” struc-
tures have, for a constant filter volume, an inlet channel sur-
face or volume which is different from that of the outlet
channels of said filter. For example, patent application WO
05/016491 has proposed structures in which the wall ele-
ments come one after another, in cross section and along a
horizontal and/or vertical row of channels, in order to define
a sinusoidal or wavy shape. Typically, the wall elements form
a wave with a sinusoid half-period over the width of a chan-
nel. Such channel configurations make it possible to achieve
a low pressure drop and a high soot storage volume. In
another construction, patent application EP 1 495 791 has
proposed monolith blocks characterized by an octagonal
arrangement of the internal inlet channels (often called an
“octosquare” structure in the field).

[0005] Usually, the filters are made of a porous ceramic, for
example cordierite or silicon carbide or aluminum titanate.
[0006] Silicon carbide filters produced with these struc-
tures are for example described in patent applications EP 816
065, EP 1 142 619, EP 1 455 923, WO 2004/090294 and WO
2004/065088, to which a person skilled in the art may for
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example refer for greater explanation and details, both as
regards the description of filters according to the present
invention and as regards the process for obtaining them.
Advantageously, these filters possess high chemical inertness
to the soot particles and to the hot gases, but a thermal expan-
sion coefficient that is a little high, which means, for produc-
ing large-sized filters, having to assemble several monoliths
into a filtering block by a jointing or grouting cement, so as to
reduce their thermomechanical stresses. Because of the high
mechanical strength of recrystallized SiC materials, it is pos-
sible to produce filters with thin filtering walls of high poros-
ity, with a very satisfactory filtration efficiency.

[0007] Cordierite filters have also been used for a long time
because of their low cost. Thanks to the very low thermal
expansion coefficient of this material, in the normal operating
temperature range of a filter, it is possible to produce mono-
lithic filters of larger size.

[0008] Aluminum titanate may also have a low thermal
expansion coefficient and exhibits both better refractoriness
and better corrosion resistance than cordierite. Thus, alu-
minium titanate enables large monolithic filters to be pro-
duced, provided that, however, the thermal stability of the
aluminum titanate is controlled, especially during the filter
regeneration phases. Monolithic filters have thus been
described in patent application WO 2004/011124 that pro-
vides structures based on 60 to 90% by weight of aluminum
titanate reinforced with 10 to 40% by weight of mullite.
According to the authors, the filter thus obtained is more
durable. In another construction, patent application EP 1 741
684 discloses a filter having a low expansion coefficient and
in which the aluminum titanate main phase is stabilized, on
the one hand, by substituting a fraction of the Al atoms with
Mg atoms in the Al, TiO; crystal lattice within a solid solution
and, on the other hand, by substituting a fraction of the Al
atoms on the surface of said solid solution with Si atoms,
these being introduced into the structure via an intergranular
additional phase of the potassium sodium aluminosilicate
type, especially of the feldspar type.

[0009] Typically, these monolithic structures are extruded
and then, in the case of a filter structure, sealed off at one or
other of their ends so as to define inlet chambers and outlet
chambers, as described above. These structures are fired so
that the material constituting the structure is mechanically
sintered or consolidated. It turns out that, during the firing
phase, the structure undergoes what is called an “elephant
foot” deformation illustrated schematically in FIG. 1. FIG. 1
shows that the base 1 of the structure 2 close to the face 3 for
bearing on the firing setter 4 (lower portion) has a larger width
than in the upper portion of the structure. Typically, a dimen-
sional difference greater than 1% over the width of the filter,
for a 100 mm length of said filter, is considered as being
unacceptable for the application. The deformation is more
pronounced when the extruded structure 2 is of large size. The
expression “large size” is understood in particular to mean
structures with a diameter greater than 100 mm or with a cross
section greater than 75 cm® The problem even becomes
critical for structures of very great length, for example a
length greater than 150 mm, and/or of very large diameter, for
example a diameter greater than 125 mm, or of large cross
section, i.e. equal to or greater than 120 cm> Likewise,
obtaining such a structure poses problems if the post-firing
shrinkage of the structure, along its largest dimension, is
equal to or greater than 5%. The term “shrinkage™ is under-
stood in the context of the present description to mean the
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difference, expressed as a percentage, between a characteris-
tic dimension of the structure before firing and after firing,
divided by said dimension before firing. Typically. in the case
of an extruded structure of circular cross section, the shrink-
age may be measured either on the length or on the diameter
of said structure. The expression “structure before firing” is
understood to mean the structure in the dry green state, i.e.
having a residual moisture content of less than 1%.

[0010] In the context of the present description and in the
following examples, the shrinkage is measured on a section of
the filter approximately parallel to the plane formed by the
bearing surface of the structure in contact with its firing setter
but sufficiently far away from said bearing surface in order to
circumvent the aforementioned “elephant foot” effect. In
practice, the shrinkage is ideally measured over the upper
third of the height of the structure.

[0011] To solve the problem of the “elephant foot” effect,
one initial solution consists in extruding a green structure of
greater length than necessary. The most deformed part of the
structure at its base, i.e. that located in the portion in the
vicinity of its face for bearing on the firing setter, is therefore
cut off after the firing. Finally, the structure is plugged and
then optionally annealed so as to sinter the material consti-
tuting the plugs. This solution entails a substantial loss of
material since the cuttings may represent more than 15% of
the total mass of the structure. Furthermore, the plugging
operation on a fired structure is tricky since the plugs are of
insufficient refractoriness or impermeability if the plugged
structure is not annealed. A second firing, to fire the plugs and
obtain a filter structure of sufficient filtration efficiency, rep-
resents an additional operation and an additional cost, some-
thing which cannot be economically envisaged.

[0012] Patent application EP 0 234 887 provides a firing
setter formed by a fired or green honeycomb having, on its
face in contact with the structure to be fired, at least a width
smaller than the width of said structure to be fired. For
example, this firing setter may have a bevel or various recess
shapes. This solution, which has the advantage of providing
the part with good stability, also results in an undesirable
vertical deformation of the structure to be fired, especially
when the shrinkage of the part is greater than 5%. The struc-
ture obtained after firing then has in the end a greater length
along the edges, therefore requiring the structure to undergo
anadditional machining operation and an additional plugging
operation after firing.

[0013] Patent application EP 1 808 423 describes a green
setter that forms a crystalline phase of the same nature as the
structure during firing and has a surface roughness of § to 50
Lum so as to reduce the friction between the firing setter and the
structure. Although this solution is suitable for eliminating
the occurrence of fractures or large cracks in the fired struc-
ture, it does not solve the problem of elephant-foot deforma-
tion described above and illustrated by FIG. 1 appended
hereto.

[0014] The present invention relates according to a first
aspect to a process for firing a honeycomb structure, possibly
a filter structure, using a firing setter of novel type, which
makes it possible for all of the abovementioned requirements
to be effectively satisfied, in particular:

[0015] the quality of the filters is improved, in particular
by avoiding the appearance of cracks and/or deforma-
tions of the structure during firing, so as to obtain a filter
structure of satisfactory filtration efficiency;
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[0016] the structure to be fired on its setter and the setter
itself are sufficiently stable; and

[0017] binder removal and firing (or sintering) are more
rapid without the risk of degrading the quality of the
structures obtained, so as to obtain a high productivity.

[0018] In its most general form and according to a first
aspect, the present invention relates to a process for firing a
porous ceramic structure of the honeycomb type on a firing
setter, said structure comprising a plurality of longitudinal
through-channels terminating in two ends of the structure, the
end bearing on the setter having a maximum width L before
firing, in a longitudinal sectional plane passing through the
principal axis of the structure. In the process according to the
invention, said setter has, in said longitudinal sectional plane:

[0019] a first level corresponding to a first face of the
setter serving as bearing surface for the structure to be
fired, said first level having a maximum width L;;

[0020] asecond level, spaced away from said first face of
the setter by a thickness E, ,, said second level having a
maximum width L,;

[0021] thewidth L, beingequalto or greater than Lg; and

[0022] the width L, being less than L,.

[0023] The principal axis of the honevecomb structure is
conventionally defined according to the invention as the prin-
cipal axis of symmetry of the structure, parallel to the
through-channels. Said axis is of course defined according to
the shape of the structure and in particular its cross section. To
give an example, it is the axis of revolution in the case of a
cylindrical structure or the central axis of a parallelepipedal or
ovoid structure. In particular, the principal axis is shown in
the schematic views in FIGS. 3 and 6. Thus, for a honeycomb
structure having a cross section of given shape atits lower end
(i.e. on its bearing face), for example an oval, round or square
cross section, the setter used according to the invention pref-
erably has a generally similar overall shape, i.e. a substan-
tially oval, round or square shape respectively, in particular
the dimensions of which are such that L, is between [ and
1.1.xLg in any longitudinal plane passing through the princi-
pal axis of the structure to be fired.

[0024] Particular methods of implementing such a process
are especially described below:

[0025] the width T, is between Lgand 1.1xL;

[0026] the relative difference (L,-L,)/L; between the
two widths L, and L, is equal to or greater than about
5%

[0027] the end of the structure and that face of the setter
serving as bearing face thereof have substantially the
same shape and/or substantially the same geometry;

[0028] thesetter is of the honeycomb type and comprises
a plurality of longitudinal through-channels opening
onto two ends, the upper end of the setter constituting
said first level;

[0029] thesetterhas aporosity matched to the porosity of
the material constituting the walls of the filter. The setter
has in general between 20 and 65%, preferably between
30 and 50%, the average size of the pores being ideally
between 10 and 20 microns. However, too high a poros-
ity results in a mechanical strength that is too low to
support the filter. Too low a porosity may be damaging
for the filter since the shrinkage of the setter may not
accompany the shrinkage of the filter sufficiently during
its firing;

[0030] the wall thickness of the honeycomb setter is
advantageously between 0.2 and 1.0 mm, preferably
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between 0.2 and 0.5 mm. The number of channels in the
filtering elements is preferably between 7.75 and 62 per
em?, said channels having a cross section ranging from
about 0.5 mm® to 9 mm?;

[0031] the first level corresponding to a first face of the
setter serving as support for the structure to be fired is a
plane;

[0032] the third level corresponding to the second face at
the base of the setter serving as support for the setter in
the firing device (carriage or floor of the furnace for
example) is preferably a plane, such a plane allowing
better stability to be achieved;

[0033] thethermal expansion ofthe material constituting
the setter varies by at most 2% of the thermal expansion
of the material constituting the structure within the tem-
perature range of the firing;

[0034] the shrinkage on firing the material constituting
the setter varies by at most 2% of the shrinkage on firing
the material constituting the structure within the tem-
perature range of the firing;

[0035] the setter has a trapezoidal shape, said second
level corresponding to the second face of the setter; and

[0036] said setter has a third level corresponding to the
second face of the setter, having a width L5, the width [,
being equal to or greater than the width L, and at least
equal to ¥ of the width L.

[0037] The firing process as described above may espe-
cially be used advantageously in a process for obtaining a
honeycomb filter structure, in which the longitudinal
through-channels of the structure are alternately blocked
beforehand at their ends.

[0038] The invention also relates to the setter suitable for
firing a porous ceramic structure of the honeycomb type, as
described above, which setter in particular comprises, in a
sectional plane passing through its principal axis:

[0039] a first level corresponding to a first face of the
setter serving as bearing surface for the structure to be
fired, said level having a maximum width L, ;

[0040] asecond level, spaced away from said first face of
the setter by a thickness E, _,, said second level having a
maximum width L,;

[0041] the width L, being less than L, .

[0042] According to other possible aspects of said setter:

[0043] the width L, is between Lgand 1.1xLg;

[0044] the relative difference (L,-L,)/L; between the
two widths [, and L, is equal to or greater than about
5%,

[0045] said firing setter, of the honeycomb type, com-
prises a plurality of longitudinal through-channels open-
ing onto two ends, the upper end of the setter constitut-
ing said first level,

[0046] said setter has a trapezoidal shape, said second
level corresponding to its second face; and

[0047] said setter has a third level corresponding to its
second face, having a maximum width L,, the width L,
being equal to or greater than the width L.

[0048] More precisely, the best results have been obtained
according to the invention when the material constituting the
setter is chosen so that its thermal expansion is close to that of
the material constituting the structure to be fired. In the con-
text of the present description, the thermal expansion mea-
sured at a temperature T corresponds to the percentage varia-
tion in length of a specimen of the material subjected to a
temperature variation up to the temperature T (final tempera-
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ture of the firing) relative to its initial length at the ambient
temperature (20° C.) taken as reference. The thermal expan-
sion is conventionally measured by differential dilatometry
according to the NFB40-308 standard provided for this pur-
pose. According to the present invention, the expansion of the
specimen of material constituting the setter or the structure to
be fired is measured in a plane parallel to the plane formed by
the face 3 for bearing on the firing setter 4, as indicated above
in FIG. 1. A thermal expansion of the setter in the firing
temperature range is close to that of the structure within the
context of the present invention if it is equal to that of the
structure plus or minus 2%, and preferably plus or minus 1%,
irrespective of the temperature in the range in question (20°
C.-D.

[0049] Preferably, according to the invention, the setter is
green so as to best accompany the dimensional variations of
the structure while it is being fired. Advantageously, the mate-
rial of the setteris chosenin such a way that its shrinkage after
the heat treatment for firing the structure is equal to that of the
structure plus or minus 2%, preferably plus or minus 1%.

[0050] The setter according to the invention may be used in
various ways, some of which are illustrated below. Of course,
the invention is not, in any of the aspects described, limited to
these embodiments.

[0051] FIG. 3 illustrates a setter 4 in a first configuration
according to the invention, in a longitudinal sectional plane of
the structure, the principal axis 5 of which is shown. The setter
according to the invention has a width L, between Lg and
1.1xLg. For a structure having a bearing face of given shape,
for example oval, round or square shape, the setter used
according to the invention preferably has a generally similar
shape i.e. an oval, round or square shape respectively, the
dimensions of which are such that L, is between g and
1.1xL in any longitudinal plane passing through the princi-
pal axis of the structure to be fired. Advantageously, such a
configuration prevents vertical deformation of the structure,
the vertical direction here being understood as the direction
perpendicular to the plane formed by that surface of the
structure to be fired that bears on the setter. According to the
invention, the setter has a width L, smaller than L, so as to
accompany the horizontal deformation of the structure while
it is being fired. Preferably, the relative difference between the
two widths ((L,-L,)/L,) as a percentage is equal to or greater
than about 5%, preferably equal to or greater than about 10%,
and even more preferably equal to or greater than about 15%.
In general, this difference however remains less than 50%,
preferably less than 40% or even less than 30%.

[0052] The setter shown in FIG. 3 also has a width L,
measured on a second face, or rest face, of the setter on the
opposite side from the face 3 as indicated in FIG. 1, so as to
ensure sufficient stability of the setter/structure assembly, this
second face being in contact, during the firing process, with
for example the floor of the firing furnace or the firing device.

[0053] The setter has a sufficient thickness E,_, between the
level L; in contact with the structure to be fired and the level
L, of the setter. The thickness E, , and width [, values
according to the invention depend on and vary according to
the nature of the material constituting the setter, its internal
geometry (especially depending on the presence of channels,
on the wall thickness, etc.) and the envisaged heat treatment
conditions (in particular the final temperature, the rate of
temperature rise and the firing time at the maximum tempera-
ture).
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[0054] Typically, the optimum thickness E,_, may be deter-
mined and adjusted experimentally.

[0055] To determine such an optimum thickness, various
parameters will be considered, among which are the follow-
ing:
[0056] the width L of the structure to be fired, for
example the outside diameter of the structure if this is of
cylindrical cross section; and

[0057] the height h or the length of the structure to be
fired.

[0058] Preferably, the thickness E, , and the width L, are
adjusted experimentally, for example by successive itera-
tions, so as to have optimum creep resistance or slump resis-
tance under the load of the structure to be fired.

[0059] Preferably, E, ., L, and L, are chosen so that the
angle a, as shown in FIG. 3, is greater than 15°, preferably
greater than 45°.

[0060] Preferably, E, ,, L, and L, are chosen so that the
angle o is less than 85°.

[0061] According to another embodiment illustrated in
FIG. 4, the setter according to the invention has a configura-
tion such that the parameters L, and [, described above are
substantially identical, i.e. L,=L,.

[0062] According to this embodiment, the setter has a con-
stant thickness E,_; between the level L, and thelevel L, at the
base of the setter which is in contact with the floor of the
furnace or with the firing device. According to one possible
embodiment giving satisfactory results, E, 5 is preferably less
than 5 L./3.

[0063] Inapreferred embodiment, illustrated in FIG. 5, the
setter according to the invention is of substantially trapezoi-
dal shape, corresponding to the extreme case in which E,_;=0.

[0064] According to other possible embodiments (not illus-
trated by figures in the present description), the setter accord-
ing to the invention may also have other shapes between the
levels [, and T, provided that the distance [, remains less
than the distance L, in particular it may have rounded perim-
eters or curves of concave or convex surface.

[0065] The setter according to the invention may also
advantageously have one or more of the following optional
features:

[0066] a) the setter preferably has a suitable roughness,
for example as described in the patent application EP 1
808 423, without this however being necessary for
achieving the advantages of the setter according to the
present invention. By depositing grains or a powder bed,
for example of globular corundum or alumina, it may be
possible to prevent any bonding to the setter while filling
the surface irregularities of the setter;

[0067] D) the setter is green and its mineralogical chemi-
cal and particle-size composition is similar or even iden-
tical to that of the structure to be fired. Experiments
carried out in the context of the present invention have
shown that such a configuration does actually reduce the
mechanical stresses on the structure during firing, espe-
cially if the shrinkage is high, in particular if the shrink-
age is greater than about 7%. The expression “similar
mineralogical composition” is understood to mean a
composition having the same phases and/or a very close
or even identical volume or mass distribution of the
crystalline phases present after the structure has been
fired;
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[0068] c¢) the setter is porous. In particular, it preferably
has an open porosity close to that of the structure to be
fired. After firing, the porosity of the setter is typically
between 10% and 80% and preferably between 30% and
70%. In particular in the particulate filter application,
too low a porosity leads to too high a pressure drop,
while too high a porosity corresponds to too low a
mechanical strength. The median diameter ds, by vol-
ume of the pores constituting the porosity of the setter
after firing is preferably between 5 and 30 microns, more
preferably between 8 and 25 microns; and

[0069] d) the setter is itself formed from channels, as
shown in FIG. 6, so as to let the gases emitted by or
reacting with the structure to flow freely during binder
removal and firing of said structure, said channels being
oriented in the same direction during firing. In particular,
the setter may have the same internal honeycomb mac-
rostructure as the structure to be fired. Thus, when the
structure 2 to be fired is of the honeycomb type, the setter
4 is preferably of the honeycomb type according to an
arrangement as shown in FIG. 6 in which the plugs 6
closing off the channels have also been shown. The
dimensional characteristics of the setter channels (chan-
nel density, wall thickness, channel shape in particular)
are then preferably close to those of the structure to be
fired, or even identical thereto. The setter may be
adapted so that its channels have the same open surface
area as those of the facing structure on the bearing face
to be fired. Such an embodiment may be particularly
advantageous for optimally firing structures of the
“asymmetric” type, i.e. structures in which the surface of
some of the inlet channels is different and preferably
greater than that of some of the outlet channels, as illus-
trated by the aforementioned patent application WO
05/016491. Such an arrangement increases the rate at
which the binders are removed at the start of the firing
operation at the channels of the setter that are open to the
outside. Such an arrangement is in the end favorable to
good integrity of the filter structure and in particular it
prevents the appearance of cracks or deformation of the
structure during the firing.

[0070] One example of a process for manufacturing a hon-
eycomb structure, in which a setter according to the invention
may advantageously be used, typically comprises the follow-
ing main steps:

[0071] a)preparation of a composition based on the con-
stituent material of the structure and forming, especially
by extrusion through a die, of said material and cutting
so as to obtain a honeycomb structure;

[0072] D) preparation of a composition of a plugging
material and sealing of said green structure in some of
the channels by said composition before and/or after
drying before and/or after firing according to step d) so
as to obtain a filter structure after firing;

[0073] c)optionally, drying in air using a technique cho-
sen from hot-air drying, microwave drying and freeze
drying at a temperature below 130° C., or a combination
of said techniques; and

[0074] d) firing of said structure on a setter according to
the invention, optionally including an initial binder-re-
moval step.
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[0075] Typically, the firing step d) is carried out at a tem-
perature dependent on the constituent material of the struc-
ture.

[0076] The inventors have observed that the setter accord-
ing to the invention is particularly advantageous for the firing
of green filter structures that have already been plugged,
thereby making it possible to dispense with an additional
firing step for sintering the plugs. Thus, the use of the setters
according to the invention makes it easier in the end to obtain
filter structures of improved cohesion between plugs and
walls.

[0077] Preferably, the filter structure is monolithic and the
filtering walls are based on an inorganic oxide material, in
particular based on aluminum titanate or cordierite or mullite,
or a composite based on these materials. The expression
“based on” is understood to mean that said walls comprise at
least 50% by weight, preferably at least 70% by weight, or at
least 90% by weight or even 98% by weight of said material.
[0078] In a first possible embodiment according to the
invention, the porous walls of the filter structure are made of
a material based on aluminum titanate. In general, the com-
position of the aluminum-titanate-based porous ceramic may
have all the known additives for stabilizing the aluminum
titanate phase. The expression “high-temperature stability” is
understood to mean the capability of the aluminum-titanate-
based material not to decompose into two phases, namely
titanium oxide TiO, and aluminum oxide Al,O;, under the
normal operating conditions of a particulate filter. Conven-
tionally, this property is measured according to the invention
by a stability test consisting in determining the phases present
in the material, typically by X-ray diffraction, and then in
subjecting it to a heat treatment at 1100° C. for ten hours and
checking, using the same method of X-ray diffraction analy-
sis and under the same conditions, for the appearance of
alumina and titanium oxide phases at the detection threshold
of the equipment.

[0079] In another possible embodiment according to the
invention, the porous walls of the filter structure are made of
an SiC-based material and a ceramic and/or glassy binding
matrix, said glassy matrix possibly comprising SiO,. The
term “ceramic binding matrix” is understood to mean a con-
tinuous structure between the grains, typically with a mean
size or diameter between and 100 microns and preferably
between 10 and 100 microns, and obtained by firing or sin-
tering so as to consolidate the material constituting said
matrix. The expression “glassy matrix” is understood in par-
ticular to mean a matrix formed by a noncrystalline or slightly
crystalline material comprising at least 30% silica (Si0,).
[0080] In another possible embodiment according to the
invention, the porous walls of the filter structure are made of
an alumina-based material.

[0081] In another possible embodiment according to the
invention, the porous walls of the filter structure are made of
a cordierite-based material.

[0082] Inonepossible embodiment, the filter consists of an
assembly of filtering monoliths, the cross section of @ mono-
lith constituting the assembled structure is preferably square,
the width of the monolith being between 30 mm and 50 mm.
The jointing material is understood here to mean a moldable
composition formed by a particle and/or fiber blend, whether
dry or wet, capable of setting and of having a sufficient
mechanical strength at room temperature or after drying and/
or heat treatment, the temperature of which will not exceed
the softening or slumping temperature that defines the refrac-
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toriness of the material(s) constituting the monoliths. The
jointing material preferably comprises particles and/or fibers
of a ceramic or refractory material, chosen from non-oxides,
such as SiC, aluminum and/or silicon nitride and aluminum
oxynitride, or from oxides, especially comprising Al,Os,
Si0,, MgO, Ti0,, Zr0,, Cr,0; or any mixture thereof.
[0083] The filter, whether assembled or not, preferably has
a coating cement fastened to the assembled filter, especially
of the same mineral composition as the jointing material so as
to reduce the thermomechanical stresses.

[0084] The filter structure obtained by the process accord-
ing to the invention may furthermore include a supported, or
preferably unsupported, active catalytic phase typically com-
prising atleast one precious metal such as Pt and/or Rh and/or
Pd and possibly an oxide such as CeO,, ZrO, or CeO,—
710,.

[0085] The invention and its advantages will be better
understood on reading the following nonlimiting examples
provided solely for demonstrating the advantages associated
with the use of the setter according to the invention. In the
examples, all the percentages are given by weight.

EXAMPLES

a) Production of a Powder Obtained from Fused-Cast
Aluminum Titanate
[0086] In all the examples, the percentages are given by
weight. In a preliminary step, aluminum titanate was pre-
pared from the following raw materials:

[0087] about 40% alumina by weight, with an Al,O,
purity level greater than 99.5% and a median diameter
d;o of 90 pm, sold under the reference AR75® by
Pechiney;

[0088] about 50% titanium oxide by weight, in rutile
form, comprising more than 95% TiO, and about 1%
zirconia and having a median diameter ds, of about 120
pm, sold by Europe Minerals;

[0089] about 5% silica by weight, with an SiO, purity
level greater than 99.5% and a median diameter d, of
around 210 um, sold by SIFRACO; and

[0090] about 4% by weight of a magnesia powder with
an MgO purity level greater than 98%, more than 80% of
the particles of which having a diameter between 0.25
and 1 mm, sold by Nedmag,.

[0091] The initial blend of reactive oxides was melted in an
electric arc furnace, in air, under oxidizing electrical opera-
tion. The molten blend was then cast into a CS mold so as to
achieve rapid cooling. The product obtained was milled and
screened in order to obtain powders of various particle size
fractions. More precisely, the milling and screening opera-
tions were carried out under conditions for obtaining in the
end the following two particle size fractions:

[0092] one particle size fraction characterized by a
median diameter d,, substantially equal to 50 microns,
denoted by the term “coarse” fraction according to the
present invention; and

[0093] one particle size fraction characterized by a
median diameter ds,, substantially equal to 1.5 microns,
denoted by the term “fine” fraction according to the
present invention.

[0094] Inthe context of the present description, the median
diameter ds, denotes the particle diameter, measured by
sedigraphy, below which 50% by volume of the population
lies.

[0095] Microprobe analysis showed that all the grains of
the fused phase thus obtained have the following composi-
tion, in percentages by weight of the oxides below (Table 1):
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TABLE 1
ALO; TO, MgQ S0, Ca0 Na,0 KO Fe03 Z10, TOTAL
405 485 398 481 017 015 047 035 085 100.00
b) Manufacture of Green Monoliths
[0096] Firstly, a series of dry green monoliths was synthe- TABLE 2-continued
sized in the manner below: Example 1
[0097] Powders according to the following composition :
were blended in a mixet: diameter 130 mm
% of a blend of lumi titanat ) wall lthlckness‘ 350 um
[0098] 100% of a blend of two a uminum titanate pow Median pore diameter 13 um
ders produced beforehand by fuse casting, namely about ~ Mercury porosity 44%
75% of a first powder with a median diameter of SO um ~ Average shrinkage of the filter on being fired 8%

and 25% of a second powder with a median diameter of
1.5 pm.
[0099] Next, the following were added, relative to the total
mass of the blend:

[0100] 4% by weight of an organic binder of the cellulose
e;

[O%Ii]l 15% by weight of a pore-forming agent;

[0102] 5% ofa plasticizer derived from ethylene glycol;

[0103] 2% of a lubricant (oil);

[0104] 0.1% of a surfactant; and

[0105] about 20% of water so as to obtain, using the

techniques of the prior art, a homogenous paste after
mixing, the plasticity of which enabled a honeycomb
structure to be extruded through a die, which structure,
after being fired, had the dimensional characteristics as
in Table 2.
[0106] Next, the green monoliths obtained were dried by
microwave drying for a time sufficient to bring the chemically
unbound water content to less than 1% by weight.
[0107] The channels of both ends of the monoliths were
plugged using well-known techniques, for example those
described in U.S. Pat. No. 4,557,773, with a mixture satisfy-
ing the following formulation:
[0108] 100% of a blend of two aluminum titanate pow-
ders produced beforehand by fuse casting, namely about
66% of a first powder with a median diameter of 50 um
and 34% of a second powder with a median diameter of
1.5 pm;

[0109] 1.5% of an organic binder of the cellulose type;

[0110] 21.4% of a pore-forming agent;

[0111] 0.8% of a dispersant based on a carboxylic acid;
and

[0112] about 55% of water so as to obtain a mixture

capable of sealing the monoliths on every other channel.
[0113] The characteristics of the monoliths, after progres-
sive firing in air until a temperature of 1450° C. was reached,
which was maintained for 4 hours, are given in Table 2 below:

[0114] The porosity characteristics were measured by high-
pressure mercury porosimetry analysis carried out using a
Micromeritics 9500 porosimeter. The shrinkage was mea-
sured by the percentage ratio of the difference between the
diameter (in mm) of the monolith after firing and that of the
dry green monolith divided by the diameter (in mm) of the dry
green monolith. The diameter was measured in the upper
portion of the filter, i.e. close to the face opposite to that which
is directly in contact with the firing setter, so as to ignore any
“elephant foot” deformation at the base of the filter. The
shrinkage value indicated in Table 2 corresponds to an aver-
age obtained from measurements made on a population of 10
monoliths,

[0115] Inthe case of Example 1 (a comparative example),
the monoliths were fired on a green honeycomb setter having
the same structure and the same particle-size and mineralogi-
cal chemical composition as the monoliths. The dimensional
characteristics of the setter, the general shape of which is
iltustrated in FIG. 2, are given in Table 3. According to this
example, the firing setter also has a cylindrical shape and a
diameter identical to that of the structure to be fired.

[0116] Unlike the previous example, the monoliths
obtained according to Example 2 (also comparative example)
were fired on a setter having a geometry identical to that in
FIG. 7 of patent EP 0 234 887. The dimensions of this setter
are given in Table 3. Appended FIG. 7 shows schematically
the shape of the setter, the length a and the angle 8 character-
izing the setter described in this prior art.

[0117] Unlike the above comparative examples, the mono-
liths of Examples 3, 4 and 5 according to the invention were
fired on a green honeycomb setter having the shapeillustrated
in F1G. 5, the dimensions of said setter being given in Table 3
below. The setter consisted this time of two circular levels of
respective diameter [, (Ist level) and L, (2nd level), the
diameter L, being, in accordance with the invention, smaller
than the diameter L, .

TABLE 2 TABLE 3

Example 1 Example 1 2 3 4 5
Material Essentially aluminum Setter Asin Asin Asin  Asin  Asin

titanate phase FIG.2 FIG. 7 FIG.5 FIG.5 FIG.5
Characteristics of the structure after firing: (EP234887)

L, (mm) 163 163 163 163 163

monolith shape cylindrical L, (mm) 163 163 163 163 163
cell cross section square L, (mm) 163 163 130 140 140
length 200 mm E . (mm) — — 40 40 28
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TABLE 3-continued

Example 1 2 3 4 N
H (mm) 40 40 40 40 28
a (mm) 0 10 — — —
&(9) 0 30 — — —
a(®) 0 0 68 74 68
Horizontal >2.5 <1.5 1.2 1.6 1.8
deformation (%)

Vertical <0.1 >1 <0.1 <0.1 <0.1

deformation (%)

[0118] The width [ was measured on the structure in the
dry green state at the base of the monolith. The dimensions
Ly, L,, Ls, E, 5, B, 5, a and H and the angles a and & were
measured on the dry green setter.

[0119] The horizontal (“elephant foot”) deformation, that
is to say deformation parallel to the plane formed by the
surface of the setter in contact with the part to be fired, was
measured on each monolithic filter after firing. The percent-
age deformation expressed in Table 3 is an average percent-
age measured on a sample of 10 filters. [t was determined by
measuring the difference in the outside diameter at the top and
at the base of the filter in contact with the firing setter and by
dividing this difference by the average diameter of the filter
and by multiplying by 100. A horizontal deformation greater
than 2% is considered as unsatisfactory for the application.
[0120] The vertical deformation was measured on a filter or
monolith after firing by the difference in length of the filter at
the center and at the periphery of the filter, dividing this by the
length at the center of the filter and multiplying by 100. A
vertical deformation greater than 0.1% necessitates an addi-
tional machining operation carried out on the part obtained
and is, for this reason, considered to be unsatisfactory.
[0121] The results presented in Table 3 thus show that the
setters according to the invention make it possible to obtain a
filter having the smallest deformations both in the horizontal
plane and in the vertical plane. In particular, the use of the
setter according to the invention results in structures for
which no adjustment, cutting or machining after firing
appears to be necessary. Furthermore, in the case of a filter
structure, the plugs may be fitted without any drawback
before the step of firing the structure. This makes it possible
for the homogeneity and the strength of the filters obtained to
be significantly improved, especially for use as a particulate
filter in an exhaust line of a motor vehicle.

1. A process for firing a honeycomb porous ceramic struc-
ture, the process comprising:
contacting the honeycomb porous ceramic structure with a
first face of a firing setter thereby firing the structure,
wherein the structure comprises a plurality of longitudinal
through-channels terminating in two ends of the struc-

ture, at least one end bearing on the setter having a

maximum width L; before firing, in a longitudinal sec-

tional plane passing through a principal axis of the struc-
ture,

wherein the setter comprises, in the longitudinal sectional
plane:

a first level corresponding to the first face of the setter
serving as bearing surface for the structure to be fired,
wherein the first level has a maximum width L,; and

a second level, spaced away from the first face of the
setter by a thickness E, ,, wherein the second level
has a maximum width L,,
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wherein the width L, is equal to or greater than Lg; and
wherein the width L, is less than L, .

2. The process of claim 1, wherein the width L, is between
Lsand 1.1xL,.

3. The process of claim 1, wherein a relative difference
(L,-L, YL, between the two widths L, and L, is equal to or
greater than about 5%.

4. The process of claim 1, the end of the structure and the
face of the setter serving as bearing face thereof have sub-
stantially the same shape, or substantially the same geometry,
or substantially the same shape and geometry.

5. The process of claim 1, wherein the setter is a honey-
comb setter and comprises a plurality of longitudinal
through-channels opening onto two ends, an upper end of the
setter constituting the first level.

6. The process of claim 1, wherein a thermal expansion of
a material comprised in the setter varies by at most 2% of a
thermal expansion of the material comprised in the structure
within a temperature range of the firing.

7. The process of claim 1, wherein a shrinkage on firing a
material comprised in the setter varies by at most 2% of a
shrinkage on firing a material comprised in the structure
within a temperature range of the firing.

8. The firing process of claim 1, wherein the setter has a
trapezoidal shape, wherein the second level corresponds to a
second face of the setter.

9. The process of claim 1, wherein the setter has a third
level corresponding to a second face of the setter, having a
width L;, wherein the width L, is equal to or greater than the
width L, and at least equal to %5 of the width L.

10. The process of claim 1, wherein a honeycomb filter
structure is obtained, in which longitudinal through-channels
of the structure are alternately blocked beforehand at ends of
the channels.

11. A firing setter comprising, in a sectional plane passing
through its principal axis:

a firstlevel corresponding to a first face of the setter so as to
serve as bearing surface for the structure to be fired,
wherein the first level has a maximum width L,;

a second level, spaced away from the first face of the setter
by a thickness E,_,, wherein the second level has a
maximum width L,;

wherein the width L, is less than L,

wherein the setter is suitable for firing a honeycomb porous
ceramic structure.

12. The firing setter of claim 11, where the width L, is

between Lgand 1.1xL.

13. The firing setter of claim 11, wherein a relative differ-
ence (L,-L,)/L, between the two widths L, and L, is equal to
or greater than about 5%.

14. The firing setter of claim 11, comprising a plurality of
longitudinal through-channels opening onto two ends,
wherein an upper end of the setter constitutes the first level.

15. The firing setter of claim 11, having a trapezoidal
shape, wherein the second level corresponds to a second face
of the setter.

16. The firing setter of claim 11, having a third level cor-
responding to a second face of the setter, having a width L,
wherein the width L, is equal to or greater than the width [,.

17. The process of claim 2, wherein a relative difference
(L,-L,)/L; between the two widths L, and L, is equal to or
greater than about 5%.

18. The process of claim 2, the end of the structure and the
face of the setter serving as bearing face thereof have sub-
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stantially the same shape, or substantially the same geometry, 20. The process of claim 2, wherein the setter is a honey-
or substantially the same shape and geometry. comb setter and comprises a plurality of longitudinal
19. The process of claim 3, the end of the structure and the  through-channels opening onto two ends, an upper end of the
face of the setter serving as bearing face thereof have sub- setter constituting the first level.

stantially the same shape, or substantially the same geometry,
or substantially the same shape and geometry. ook R w %
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