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While intergranular phases are generally desir- able to assist sintering,
the behavior of some of - Field of the Invention
these phases can be detrimental to the sintered product. Certain liquid
phases tend to wet the ce- This invention relates to tooling used in hot
5   ramic grain boundaries. If those phases remain pressing, hot pressing
techniques and techniques    after sintering, the high temperature
mechanical for hot pressing green ceramic substrates.          properties
of the sintered product may be deg- raded. For example, such wetting phases
may pro- Background of the Invention                         mote grain
sliding or other phenomena which con- 10  tribute to high temperature
creep. Hot pressing is a technique for densifying          Additionally,
since the wetting phase repre- green powder compacts or preforms using a
com-      sents a microstructural inhomogeneity between bination of heat
and pressure.                      grains, the wetting phase may affect
other prop- Hot pressing has principally been used to        erties as well
(e.g., it may lower the effective ther- make parts having little volumetric
detail. Such   15   mal conductivity of the body). parts include plates,
cylinders, simple straight        Thus, for some materials systems, it may
be tubes and the like. Many hot pressing applications  desirable to hot
press under conditions so liquid have been directed to forming structural
ceramic    phase sintering occurs, but the liquid phase is parts such as
armor plates or wear parts. Such      eventually removed by evaporation
from the grain structural ceramic pieces do not usually have any   20
boundary surface to improve material properties. surface or internal
compositional features apart     Such methods of hot pressing and liquid
phase from, perhaps, a uniformly distributed composite    removal present
additional problems. Namely, phase.
since hot press tooling encloses the ceramic part, A recent application of
hot pressing technology  uniform removal of the liquid phase from the part
is has been in the area of ceramic substrates and   25  often difficult or
impossible to achieve. Non-uniform electronic packaging for integrated
circuit devices.  liquid phase removal can cause non-uniformity of U.S.
Patent 4,920,640 is a pioneer patent in this   properties in the sintered
product. field. The '640 patent discloses the use of hot         Thus,
there is a need for an improved hot pressing to form unmetallized and
metallized single  pressing technique which allows use of interg- layer
substrates and multilayer laminated sub-   30  ranular phase material
during sintering while avoid- strates containing various configurations of
metal-  ing the problems caused by certain intergranular lization.
phases. Another application of hot pressing was made in U.S. Patent No.
4,763,694 to Herron et al. In    Summary of the Invention Herron et al., a
preformed laminate of metallization   35 and glass-ceramic particles was
densified to form a     The present invention overcomes the problems
multilayered substrate at less than 1000 [err] In Her-  caused by certain
intergranular phases present ron et al., the preformed laminate was placed
di-   during hot pressing. The invention provides a rectly between two
porous alumina platens which     method of removing such problematic
intergranular exerted pressure on the preform to prevent lateral  40
phases while avoiding problems of non-uniformity. shrinkage.
In this disclosure, the term  "green body" is In a typical hot pressing
process, the body to   meant to include a) bodies formed into a shape be
sintered may contain ceramic particles to be     before being placed into
the die (i.e., preforms) and sintered, a binder, and possibly a sintering
aid. The  b) bodies formed by pouring powder into the die binder is
typically an organic binder which is re-  45  and molding it in Situ. moved
by combustion or pyrolysis before sintering.      In one aspect, the
invention encompasses an As the ceramic sinters during hot pressing,
interg-  improvement in a method of sintering a green body ranular phase
material often forms. This material   by hot pressing, where the green body
contains may result from the sintering aid additions and/or  ceramic grains
to be sintered and material capable from impurities present in the starting
ceramic par-  50  of existing as intergranular phase material during
ticles. The presence of intergranular phase is usu-  sintering. The
improvement embraces hot pressing ally desirable as it assists the
sintering process.  the body in the presence of a permeable material For
sintering ceramic particles, hot pressing    adapted to receive at least a
portion of interg- conditions typically involve temperatures in excess
ranular phase material as the sintering takes place of 1000 C, usually in
excess of 1200 C. These   55   or after the sintering has been completed.
temperatures are combined with varying degrees of     In a further aspect,
the invention embraces a pressure to enhance and/or accelerate the
sintering  method of hot pressing a preformed shape, the 



process.                                            shape containing
ceramic grains to be sintered and 2    3                 EP 0 492 284 B1
4 material capable of existing as intergranular phase  powder) 21 to be hot
pressed is placed in a die 22. material during sintering, the method
including:     Rams 23 are located above and below body 21. (a) placing the
shape into a die;                 Rams 23 are used to apply pressure to
body 21 (b) placing tooling into the die about the shape,  during hot
pressing. Spacers 26 may be placed wherein
5   between rams 23 and body 21. Shims 24 are (i) the tooling is adapted to
hold the shape in  placed between body 21 and die wall 25. Shims 24 said
die,                                       are usually adapted to fit
snugly between die wall (ii) at least a portion of the tooling is adapted
25 and body 21 to prevent outward lateral move- to transfer pressure to the
shape, and          ment or deformation of body 21. Additional shims (iii)
at least a portion of the tooling is per-  10   would also be present
between the front and back meable to liquid and/or vapor forms of the
edges of body 21 and die wall 25. These additional intergranular phase
material;                  shims are not shown in Figure 2. (c) heating the
shape to start sintering; and         Die wall 25 may be of any desired
shape so (d) applying pressure to the sintering shape to  long as body 21
can be accommodated therein. accelerate and/or induce further sintering
where-  15   The die 22 is typically a monolith. The shims 24 by the
sintering is completed and at least a      are adapted to conform to the
shape of die wall 25 portion of the intergranular phase material is    and
the edges of body 21. An intermediary material transferred from the shape
to the permeable       (not shown) may be placed between body 21 and
tooling.                                          spacers 26. In a further
aspect, the invention encompasses   20  Figure 3 shows an alternate
toolirig arrange- tooling for hot pressing shapes, the tooling com-    ment
for simultaneously pressing multiple bodies prising a die for containing
the shapes and a ram   31. In this case, spacers 36 are placed between
which fits into the die, wherein the tooling has at  bodies 31.
Intermediary material (not shown) may least a portion thereof containing a
material per-  be placed between spacers 36 and bodies 31. meable to
intergranular phase material present in  25   The tooling used in hot
pressing operations is said shapes during hot pressing. Preferably, the
often made of dense graphites having low thermal permeable portion of the
tooling includes a rigid   expansion coefficients (e.g., Union Carbide's
ATJ member adapted to transfer pressure to the shape.   graphite). Dense
graphite can easily withstand the In a further more specific aspect, the
permeable    temperatures used in most hot pressing operations. material is
preferably a permeable graphite ma-  30   Additionally, dense graphite is
strong, thus provid- terial.
ing excellent transfer of pressure to the material to be hot pressed. Such
dense graphites generally Brief Description of the Drawings
have very low permeability to phases present as intergranular phase
material during sintering. Figure 1 shows a cross-section of a typical  35
The invention will be discussed with respect to prior art hot press tooling
for pressing a single   the tooling arrangements in Figures 2 and 3 merely
piece.                                              for purposes of
illustrating the invention. The inven- Figure 2 shows a cross-section of a
hot press   tion itself is not limited to any particular tooling tooling
embodiment of the invention for pressing a  arrangement or any particular
system of materials single piece.                                  40  for
the tooling or the body or preform to be sin- Figure 3 shows a
cross-section of hot press     tered. tooling embodiment of the invention
for pressing        A principal feature of the invention is that the
multiple pieces simultaneously.                     sintering (that takes
place during the hot pressing) Figure 4 shows a comparison photograph of
be performed in the presence of a permeable ma- substrates hot pressed with
only dense graphite  45  terial adapted to receive intergranular phase. In
this tooling versus tooling having permeable graphite.   way, at least, a
portion of intergranular phase is transferred to the permeable material.
Once the Detailed Description                                intergranular
phase is received by the permeable material, it may be absorbed and/or
transferred by A typical hot press tooling configuration of the   so  the
permeable material. prior art is shown in Figure 1. This tooling consists
While it is not really necessary that the per- of a die 12 into which a
ceramic powder or preform  meable material be present during the entire
sinter- 



10 is placed. The rams 14 are inserted into the top  ing process, such an
arrangement is generally and bottom ends of die 12 to exert pressure on the
more convenient. Also, the permeable material ceramic 10. In the prior art,
the tooling used in  55   need not be in direct physical contact with the
such a configuration was usually dense graphite.    piece being sintered so
long as it can still perform A preferred tooling setup for a hot pressing
its function. apparatus is illustrated in Figure 2. The body (or 3    5
EP 0 492 284 B1                     6 It is generally desirable that the
permeable     meable material having poor thermal expansion material be
located about the entire ceramic body    properties may plane severe
limitations on the geo- so as to promote a more uniform transfer of the
metric configurations of tooling that can be used. iquid phase out of body.
For the tooling configura-     A preferred permeable material for such hot
tions in Figures 2 and 3, it is preferred that the   5   pressing
conditions is permeable graphite. Perme- shims and spacers are made with
permeable ma-        able graphite, such as HLM-50 graphite sold by terial.
Great Lakes Carbon, generally has a lower TCE It is also generally
desirable that one or more  compared to most ceramics. The degree of per-
exit paths be provided whereby some or all of the    meability desired may
vary with the amount of material received by the permeable material may
10  intergranular phase to be removed, the desired rate be transferred out
of the tooling. In cases where a  of removal, the geometry of the tooling
configura- large amount of permeable material is used relative  tion, and
the relative amount of permeable material to the amount of intergranular
phase to be removed  present as well as other factors. If the permeable
from the ceramic body, such exit paths may be        material is to be
stressed during the hot pressing, omitted. In the embodiments shown in
Figures 2   15  then strength may also be a factor in determining and 3,
shims 24, 34 provide exit paths for transfer  the degree of permeability in
the graphite or other of the received intergranular phase. In other con-
material selected. figurations, cracks between pieces of the tooling
A fortuitous advantage to using permeable may serve as exit paths.
graphite (or other suitably strong permeable ma- In many hot pressing
applications, it may be   20  terial) as the permeable material is that
such per- desirable to place an intermediary material be-     meable
graphite may be used as a rigid member in tween the body to be sintered and
the tooling.      the tooling (e.g., as a spacer or a shim). Thus, the Such
an intermediary material may assist in sepa-   permeable graphite may be
used in place of con- ration of the sintered body from the tooling and/or
ventionally used, typically more expensive, imper- prevent undesired
interactions between the tooling   25   meable dense graphite. and the
body. If such an intermediary material is       A specific application of
the invention is in the used between the permeable material and the
context of hot pressing substrates for electronic body, the intermediary
material is preferably ca-   packages. The use of permeable materials
allows pable of allowing transmission of intergranular     for uniform
removal of intergranular phases and phase material from the body to the
permeable  30  thereby results in a substrate having more uniform material.
properties and improved overall properties. The relative quantity of
permeable material         While this application of the invention is de-
present may vary, for example, according to the      scribed with respect
to aluminum  nitride-based capacity to receive the material as well as the
substrates, it should be understood that the inven- amount of intergranular
phase to be removed. The   35  tion is not limited to aluminum nitride
ceramics, to geometric configuration of the tooling and the body  hot
pressing aluminum nitride substrates or to elec- or bodies to be sintered
may also be a factor in    tronic packaging. determining the relative
amount of permeable ma-        Referring to U.S. Patent 4,920,640, an
alumi- terial used.                                         num nitride
preform may be formed by forming a The permeable material used may be any
per-  40  layer or a lamination of several layers of green meable material
capable of performing the receiv-   tapes which contain aluminum nitride
particles, a ing function under the selected hot pressing con-    binder,
and perhaps, a sintering aid. Any or all of ditions. Additionally, the
selected permeable ma-   the layers may carry metallization which is
applied terial must also have sufficient strength to with-   by some known
technique. stand mechanical stresses it may undergo during   45    The
preform is then preferably placed between the hot pressing.
layers of a suitable intermediary material (e.g., a An additional
consideration in the selection of  boron nitride tape) to protect the
preform from the 



the permeable material used is its thermal expan-   tooling. Intermediary
materials can be omitted if sion coefficient (TCE). It is generally
preferable that  there is no concern regarding interaction between the TCE
for the permeable material be less than   50  the tooling and the preform.
The intermediary ma- that for the ceramic to be sintered. Additionally, the
terial should be selected so that it does not un- TCE of the permeable
material is preferably equal   desirably inhibit the performance of the
permeable to or only slightly different from that of the other  material
used. parts of the tooling. If the permeable material does    Boron nitride
is a preferred intermediary ma- not possess this thermal expansion
characteristic,  55  terial. It is also preferable that the intermediary
then there may be a risk of fracture of the sintered  material be applied
in tape form so as to ensure a body and/or the tooling during heating or
cooling   more uniform thickness of intermediary material slepc of the hot
pressing process. Also. a per-     across the preform. 4    7
EP 0 492 284 B1                     8 The preform is placed into the die
and sur-       A) heating to about [err] in vacuum with no rounded by
components of the tooling, namely, the     pressure and holding at that
temperature to al- spacers and shims. If more than one preform is to    low
binder evolution; and be simultaneously pressed, then the tooling would
B) heating to a maximum hot pressing tempera- also include spacers to be
placed between the   5     ture of 1800-1850 [err] at 6895 kPa (1000 PSI)
in preforms.                                             a nitrogen
atmosphere and holding there for four Preferably, the shims and spacers are
all made    hours. of permeable material adapted to receive interg-
After hot pressing, the sintered substrates were ranular phase material
during the hot pressing. A  removed from the die and grit blasted to remove
preferred permeable material is permeable graphite  10  any remaining
portion of the BN material. The sold by Great Lakes Carbon under the name
HLM-     resultant substrates are shown in Figure 4. The 50. This material
has a permeability of about 0.06-  substrate hot pressed with permeable
graphite is 0.20 Darcy. Generally, the permeable material pref-  uniformly
translucent indicating an absence of un- erably has a permeability of at
least about 0.01   desirable intergranular material. The substrate hot
Darcy.                                        15  pressed with dense
graphite is dark and opaque The rate and degree of removal of intergranular
indicating the presence of undesirable intergranular material also
generally depend on the selected hot  phases. pressing conditions,
especially temperature, time, and pressure. Higher temperatures usually
promote  Claims faster transfer of intergranular phase out of the   20
body. Longer times at temperature promote a        1. A method of sintering
a green body by hot greater degree of intergranular phase removal.
pressing, wherein said green body contains Higher temperature is believed
to increase the mo-     ceramic grains to be sintered and material bility
of the intergranular phase. For the AIN sys-    capable of existing as
intergranular phase ma- tem using BN tape and permeable graphite, the   25
terial during said sintering, comprising: hot maximum hot pressing
temperature used is prefer-       pressing said body in the presence of a
per- ably about 1800-1850- C.                               meable material
adapted to receive at least a Increased pressure does not appear to have a
portion of said intergranular phase material as great direct effect on the
mobility of the interg-     said sintering takes place. ranular phase
material. Increased pressure can   30 have an adverse effect on the
permeability of the  2. The method of Claim  1, wherein said per- permeable
material used. Additionally, increased       meable material consists
essentially of graph- pressure may adversely effect the intermediary
ite. material. For the AIN system using BN tape and permeable graphite,
pressures between about 2068   35  3. The method of Claims 1 or 2, wherein
said and 5516 kPa (300 and 800 PSI) are preferred.          permeable
material has a permeability of about The following examples illustrate
embodiments      0.06-0.20 Darcy. of the invention. The invention is not
limited to the examples or the materials discussed therein.       4. The
method of Claims 1 to 3. wherein at least 40      a portion of the
permeable material is in the Example
form of a rigid member. Two metallized, multi-layer aluminum  nitride   5.
The method of Claim 4, wherein at least a 



preforms were prepared in accordance with the          portion of said
permeable material is a shim method described in Example 3 of U.S. Patent
45       adapted to maintain said body in place relative 4,920,640 using
the green sheet compositions de-       to walls of a die in which said body
is hot scribed therein. The metallized preforms were lami-    pressed.
nated between BN sheets. Each of metallized preforms was individually    6.
The method of Claim 5, wherein said shim hot pressed. The first preform was
hot pressed   so    consists essentially of graphite. using dense graphite
tooling in the configuration shown in Figure 1. The second preform was hot
7. The method of Claims 1 to 6, wherein a plural- pressed using the tooling
configuration shown  in      ity of green bodies are hot oressed simulta-
Figure 2. Permeable graphite (HLM-50) was used         necusly and at least
a portion of said per- as the material for the shims and spacers for hot
55  meable material is a spacer placed between pressing the second preform.
The preforms were         said bodies. treated under the following
conditions: 5    7                 EP0492284B1                        8 The
preform is placed into the die and sur-       A) heating to about 600  C in
vacuum with no rounded by components of the tooling, namely, the
pressure and holding at that temperature to al- - spacers and shims. If
more than one preform is to    low binder evolution; and be simultaneously
pressed, then the tooling would     B) heating to a maximum hot pressing
tempera- also include spacers to be placed between the   5    ture of [err]
at 6895 kPa (1000 PSI) in preforms.
a nitrogen atmosphere and holding there for four Preferably, the shims and
spacers are all made    hours. of permeable material adapted to receive
interg-      After hot pressing, the sintered substrates were ranular phase
material during the hot pressing. A  removed from the die and grit blasted
to remove preferred permeable material is permeable graphite  10  any
remaining portion of the BN material. The sold by Great Lakes Carbon under
the name HLM-     resultant substrates are shown in Figure 4. The 50. This
material has a permeability of about 0.06-  substrate hot pressed with
permeable graphite is 0.20 Darcy. Generally, the permeable material pref-
uniformly translucent indicating an absence of un- erably has a
permeability of at least about 0.01   desirable intergranular material. The
substrate hot Darcy.                                        15  pressed
with dense graphite is dark and opaque The rate and degree of removal of
intergranular  indicating the presence of undesirable intergranular
material also generally depend on the selected hot  phases. pressing
conditions, especially temperature, time, and pressure. Higher temperatures
usually promote  Claims faster transfer of intergranular phase out of the
20 body. Longer times at temperature promote a        1. A method of
sintering a green body by hot greater degree of intergranular phase
removal.         pressing, wherein said green body contains Higher
temperature is believed to increase the mo-     ceramic grains to be
sintered and material bility of the intergranular phase. For the AIN sys-
capable of existing as intergranular phase ma- tem using BN tape and
permeable graphite, the   25    terial during said sintering, comprising:
hot maximum hot pressing temperature used is prefer-       pressing said
body in the presence of a per- ably about 1800-1850 C.
meable material adapted to receive at least a Increased pressure does not
appear to have a       portion of said intergranular phase material as
great direct effect on the mobility of the interg-     said sintering takes
place. ranular phase material. Increased pressure can   30 have an adverse
effect on the permeability of the  2. The method of Claim  1, wherein said
per- permeable material used. Additionally, increased       meable material
consists essentially of graph- pressure may adversely effect the
intermediary        ite. material. For the AIN system using BN tape and
permeable graphite, pressures between about 2068   35   3  The method of
Claims 1 or 2, wherein said and 5516 kPa (300 and 800 PSI) are preferred.
permeable material has a permeability of about The following examples
illustrate embodiments      0.06-0.20 Darcy. of the invention. The
invention is not limited to the examples or the materials discussed
therein.       4. The method of Claims 1 to 3, wherein at least 



40      a portion of the permeable material is in the Example
form of a rigid member. Two metallized, multi-layer aluminum  nitride   5.
The method of Claim 4, wherein at least a preforms were prepared in
accordance with the          portion of said permeable material is a shim
method described in Example 3 of U.S. Patent  45       adapted to maintain
said body in place relative 4,920,640 using the green sheet compositions
de-       to walls of a die in which said body is hot scribed therein. The
metallized preforms were lami-    pressed. nated between BN sheets. Each of
metallized preforms was individually    6. The method of Claim 5, wherein
said shim hot pressed. The first preform was hot pressed   50    consists
essentially of graphite. using dense graphite tooling in the configuration
shown in Figure 1. The second preform was hot      7. The method of Claims
1 to 6, wherein a plural- pressed using the tooling configuration shown in
ity of green bodies are hot pressed simulta- Figure 2. Permeable graphite
(HLM-50) was used         neously and at least a portion of said per- as
the material for the shims and spacers for hot  55  meable material is a
spacer placed between pressing the second preform. The preforms were
said bodies. treated under the following conditions: 5    9
EP 0 492 284 B1                    10 8. Tooling for hot pressing shapes,
said tooling    8. Bearbeitungsvorrichtung zum Heipressen von comprising a
die for containing said shapes          Formk6rpem, wobei die Vorrichtung
eine PreB- and a ram which fits into said die, said tooling    form zur
Aufnahme der Formk6rper und einen having a portion containing a material
per-         in die PreBform passenden PreBstempel um- meable to
intergranular phase material present   5  fa~t und wobei ein Teil der
Vorrichtung ein far in said shapes during hot pressing.                 das
wahrend des Hel~pressens in den Form- k6rpem vorhandene intergranulre
Phasenma- 9. The tooling of Claim 8 further comprising a          terial
durchlassiges Material enthalt. plurality of shims adapted to hold said
shapes a fixed distance from walls of said die.    10  9.
Bearbeitungsvorrichtung gemaB Anspruch 8, die zusatzlich eine Vielzahl von
Abstandshal- 10. The tooling of Claim 9 further comprising one       tern
enthalt, die daran angepaBt sind, die or more spacers adapted for insertion
between       Formk6rper in einem festen Abstand zu den said shapes in said
die.                            Wanden der Preliform zu halten. 15
Patentanspriiche                                    10.
Bearbeitungsvorrichtung gemaB Anspruch 9, die zusatzlich ein oder mehrere
Distanzst~cke 1. Verfahren  zum  Sintern  eines GrOnkorpers
enthalt, die zum Einfugen zwischen die Form- durch HeiBpressen, wobei der
Grank6rper ke-         k6rper in der Pre~form angepaBt sind. ramische
Korner, die gesintert werden sollen,   20 und ein Material enthalt, das in
der Lage ist,   Revendications wahrend des Sinterns als intergranulares
Pha- senmaterial vorzuliegen, und wobei der K6rper    1. Proc6d6 de
frittage d'un corps a l'etat vert par in Anwesenheit eines durchlassigen
Materials        pression a chaud, dans lequel ledit corps a heilgepreBt
wird, welches daran angepalt ist,  25   I'etat vert contient des grains de
c6ramique a wahrend des Sinterns zumindest eanen Tell           fritter et
du mat6riau apte a exister comme des intergranularen Phasenmaterials
aufzuneh-       mat6riau de phase intergranulaire pendant ledit men.
frittage, comprenant: la pression a chaud du- dit corps en pr6sence d'un
materiau permea- 2. Verfahren gemaB  Anspruch  1, wobei das   30
ble apte a recevoir au moins une partie dudit durchlassige Material im
wesentlichen aus          mat6riau de phase intergranulaire lorsque ledit
Graphit besteht.                                    frittage est execut6.
3. Verfahren gemaB den AnsprUchen 1 oder 2,         2. Proced6 selon la
revendication 1, dans lequel wobei das durchlgssige Material eine Durch-
35     ledit materiau perm6able est constitue essen- lassigkeit von etwa
0,06 bis 0,20 Darcy besitzt.    tiellement de graphite. 4. Verfahren gemaB3
den AnsprUchen 1 bis 3,         3. Proc6d6 selon les revendications 1 ou 2,
dans 



wobei mindestens ein Teil des durchlassigen         lequel ledit materiau
permeable a une permea- ---'   Materials in Form eines starren Elements
vor-  40   bilite d'environ 0,06-0,20 Darcy. liegt. 4. Proced6 selon les
revendications 1 A 3, dans 5. Verfahren gemBS Anspruch 4, wobei minde-
lequel au moins une partie du materiau per- stens ein Tell des
durchlassigen Materials ein      meable se presente sous la forme d'un e1l-
Abstandshalter ist, der daran angepalt ist, den   45  ment rigide. Korper
relativ zu den Wanden einer Preaform in Position zu halten, in welcher der
Korper     5. Proced6 selon la revendication 4, dans lequel heiegepreBt
wird.                                   au moins une partie dudit materiau
perm6able est une rondelle de calage pour maintenir ledit 6. Verfahren
gemaB Anspruch 5, wobei der Ab-  5o        corps en place relativement aux
parois d'une standshalter im wesentlichen aus Graphit be-        matrice
dans laquelle ledit corps est press6 a steht.
chaud. 7. Verfahren gernaB den AnsprUchen I bis 6,         6. Procede selon
la revendication 5, dans lequel wobei eine Vielzahl von GrUnkorpern
gleichzei-  55  ladite rondelle de calage est constituee essen- tig
hei~gepreBt wird und mindestens ein TOil        tiellement de graphite. des
durchlassigen Materials ein Distanzstuck ist, clas zwischen die K6rper
plaziert wird.                          ....--- 6 * C   L   M   S *    11
EP 0 492 284 B1                     12 7. Procdd6 selon les revendications
1 a 6, dans lequel une pluralite de corps a l'4tat vert sont presses a
chaud simultan6ment, et au moins une partie dudit mat6riau permdable est un
disque d'ecartement place entre lesdits corps.    a 8. Outillage pour
presser a chaud des formes, ledit outillage comprenant une matrice pour
contenir lesdites formes et un plongeur qui est adapte a ladite matrice,
ledit outillage pr6sen-   10 tant une portion contenant un materiau per-
meable au materiau de phase intergranulaire dans lesdites formes pendant la
pression a chaud. 15 9. Outillage selon la revendication 8, comprenant en
outre une pluralite de rondelles de calage congues pour maintenir lesdites
formes a une distance fixe des parois de ladite matrice. 20 10. Outillage
selon la revendication 9, comprenant en outre un ou plusieurs disques
d'6cartement aptes a ftre ins6rds entre lesdites formes dans ladite
matrice. 25 30 35 40 45 50 55    


