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To densify thin porous substrates (1) by chemical vapor Infiltration, the invention proposes using loading tooling (10) comprising a
tubular duct (10) disposed between first and second plates (12, 13) and around which the thin substrates for densification are
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(57) Abrege(suite)/Abstract(continued):

disposed radially. The tooling as loaded In this way Is then placed inside a reaction chamber (20) in an Infiltration oven having a
reactive gas admission Inlet (21) connected to the tubular duct (11) to enable a reactive gas to be admitted into the duct which
distributes the gas along the main faces on the substrates (1) in a flow direction that is essentially radial. The reactive gas can also

flow In the opposite direction, I.e. it can be admitted into the tooling (10) from Its outer envelope (16) and can be removed via the
duct (11).



10

15

20

25

30

35

CA 02597253 2007-08-08

21

ABSTRACT

To densify thin porous substrates (1) by chemical
vapor infiltration, the invention proposes using loading
tooling (10) comprising a tubular duct (10) disposed
between first and second plates (12, 13) and around which
the thin substrates for densification are disposed
radially. The tooling as loaded in this way 1s then
placed inside a reaction chamber (20) i1n an infiltration
oven having a reactive gas admission inlet (21) connected
to the tubular duct (l11l) to enable a reactive gas to be
admitted into the duct which distributes the gas along
the main faces on the substrates (1) in a flow direction
that is essentially radial. The reactive gas can also
f1

into the tooling (10) from its outer envelope (16) and

i

ow 1in the opposite direction, 1.e. it can be admitted

can be removed via the duct (11).

Translation of the title and the abstract as they were when originally filed by the
Applicant. No account has been taken of any changes that may have been made

subsequently by the PCT Authorities acting ex officio, e.g. under PCT Rules 37.2,

38.2, and/or 48.3.
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Title of the invention

A method of densifying thin porous substrates by chemical
vapor infiltration, and a loading device for such

substrates

Background of the invention

The present i1nvention relates to the techniques of
chemical vapor infiltration that are used i1n particular
when making parts out of thermostructural composite
material. The i1nvention relates more particularly to
densifying thin porous substrates by deposing a matrix,
i.e. densifying substrates that present thicknesses that
are relatively small compared with thelr main dimensions.

In order to fabricate parts out of composite
material, 1n particular parts made out of
thermostructural composite material constituted by a
refractory fiber preform (e.g. made of carbon or ceramic
fibers) that i1s densified by a refractory matrix (e.g. of
carbon or ceramic), 1t 1s common practice to make use of
chemical vapor infiltration methods. Examples of such
parts are thruster nozzles made of carbon-carbon (C-C)
composite, or brake disks, 1n particular for airplane
brakes, likewise made of C-C composite.

Densifying porous substrates by chemical wvapor
infiltration consists in placing the substrates in a
reaction chamber of an infiltration installation by using
support tooling, and in admitting a reactive gas into the
chamber, which gas contains one or more precursors of the
material that 1s to be deposited within the substrates in
order to densify them. Infiltration conditions, 1in
particular the composition and the flow rate of the
reactive gas, and also the temperature and the pressure
within the chamber, are selected to enable the gas to
diffuse within the accessible internal pores of the
substrates so as to deposit the desired material therein
by decomposing a constituent of the gas or by a reaction
between a plurality of the constituents thereof. The
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reactive gas is usually preheated by being passed through
a preheater zone situated in the reaction chamber and
into which the reactive gas inlet opens out. That method
corresponds to the free-flow chemical vapor infiltration
method.

In an industrial installation for chemical vapor
infiltration, it is common practice to load the reaction
chamber with a plurality of substrates or preforms that
are to be densified simultaneously so as to 1ncrease the
vield of the densification method, and consequently
increase the packing density with which reaction chambers
are loaded. Nevertheless, using free-flow chemical vapor
infiltration to densify a plurality of substrates in a
common chamber leads to certain difficulties, 1n
particular relating to the uniformity of the resulting
densification. When densifying thin substrates, e.g. 1n
the form otf fine rectangular plates disposed
longitudinally in a reaction chamber with a reactive gas
being diffused in free flow from the top edge thereof, 1it
has been found that densification gradients are present
within the substrates and between substrates within a
single chamber (dispersion), and that this arises 1in
spite of the care with which infiltration conditions are
controlled. These deposition gradients are due in
particular to lack of control over the flow of reactive
gas within the chamber (privileged flow paths appear),
thus leading to premature depletion of reagents and
consequently to dispersions in densification between
those portions of the substrates that are closest to and
those that are furthest from the gas admission points.

Tn addition to the observed lack of uniformity in
deposition, the densification of thin substrates
presently also requires the use of support tooling so as
to limit the extent to which the parts deform as a result
of the deposition gradient and/or of internal stresses 1n
the material. The use of such tooling penalizes the
density with which the chamber can be loaded.
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Procedures and installations for densifying porous
annular substrates by chemical vapor infiltration are
described in particular in documents US 2004/237898 and
US 5 904 957. Nevertheless, those methods apply
essentially to densifying substrates of annular shape
disposed in stacks, and they are not adapted to

densifying substrates presenting thin shapes.

Object and summary of the invention

An object of the invention is to provide a method
that enables thin porous substrates to be densified, 1.e.
substrates that present thickness that 1is small relative
to the dimensions of their main faces, such as fine parts
that are plane or curved, and to enable the substrates to
be loaded at high density, while simultaneously reducing
densification gradients 1n the substrates.

This object is achieved by a chemical vapor
infiltration method for densifying thin porous substrates
with a material that is deposited therein, the method
comprising: loading substrates for densification inside a
reaction chamber of an infiltration oven; admitting close
to a first longitudinal end of the reaction chamber a
reactive gas containing at least one precursor of the
material to be deposited; and removing the residual gas
through an outlet situated close to the longitudinal end
of the reaction chamber opposite its first end,

in which method, 1n accordance with the invention,
the substrates are disposed radially around a
longitudinal duct, the reactive gas then being
distributed along the main faces of the substrates i1n a
flow direction that 1s essentially radial.

Thus, the flow direction of the reactive gas along
the substrates is controlled, and consequently so 1s the
uniformity with which the substrates are densified. The
distribution of the reactilive gas takes place as close as
possible to the faces of the substrates, thus making it

possible to reduce local depletion 1n reactive gas of the
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kind that is observed when the substrates are close to
one another and the flow is not directed. The amount of
reactive species diffusing within the substrates 1s
greater.

Consequently, the method of the invention makes 1it
possible to densify thin porous substrates, while
simultaneously increasing the quality of the parts
obtained and the volume of the reaction chamber that can
be loaded.

In addition, the reactive gas can be preheated prior
to being distributed along the substrates. 1In this way,
the preheater zone generally used in reaction chambers
with free-flow methods is no longer necessary, thus
making it possible to further increase the volume of the
chamber that can be loaded.

The reactive gas can be distributed from the duct,
i e. close to the inside edges of the substrates, and 1t
can be removed from close to the outside edges of the
substrates. Conversely, the reactive gas admitted into
rhe chamber can be distributed from the outside edges ot
the substrates and can be removed from the inside of the
longitudinal duct. Either way, the gas flows along the
main faces of the substrates in a flow direction that 1is
essentially radial.

When the reactive gas is distributed from the duct,
the radial configuration of the substrates provides a
local distribution of substrates that matches the
depletion of the gas as it flows along the faces thereof.
On leaving the duct, the gas presents its richest
composition, and it is then in the zone where the
substrates are loaded with the greatest packing density.
Thereafter the gas becomes depleted as 1t travels along
the faces of the substrates that spread out progressively
relative to one another, thereby reducing the local
packing density. This mutual compensation can be useful
when the reactive gas presents a starting composition

that is already low in reactive species.
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Wedge-shaped inserts may be disposed between pailirs
of adjacent substrates so as to encourage the reactive
gas to flow as close as possible to the faces of the
substrates.

As a function of the internal dimensions of the
reaction chamber, it is possible to superpose and/or
juxtapose a plurality of series of substrates in the
internal volume of the chamber. 1In each stack, the
longitudinal ducts communicate with one another to form a
single channel for distributing or removing the reactive
gas.

With substrates of small dimensions, one oOr more
additional rows of substrates can be juxtaposed, each
substrate of the additional row then lying 1n the same
radial plane as the substrate of the adjacent row so as
to avoid disturbing the radial flow of the reactive gas.

The invention also seeks to provide loading tooling
that enables the above-defined method to be implemented.

This object is achieved by a loading device
comprising a tubular duct disposed between first and
second plates, the tubular duct opening out in the
surface of at least one of the plates 1n order to enable
a reactive gas to be admitted to or removed from said
duct, each plate including means for holding the
substrates in a radial position around said duct, the
tubular duct having a plurality of orifices for
distributing or removing the reactive gas along the main
faces of the substrates in a flow direction that 1is
essentially radial.

Once placed in a reaction chamber, the device acts
as a mini-reactor in which the flow of gas 1s controlled
as described above. With this device, the load of
substrates can be prepared in advance away from the
densification installation, and 1s easily transported
without risk to the reaction chamber. Thus, the time
required for loading/unloading reaction chambers 1s

reduced.
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The orifices of the tubular duct are preferably
disposed so as to distribute or remove the reactive gas
as close as possible to the faces of the substrates.

According to an aspect of the invention, the device
further comprises an outer cylindrical envelope
surrounding the substrates and disposed concentrically
about the tubular duct, the envelope including a '
plurality of orifices for removing or distributing the
reactive gas. The orifices of the cylindrical envelope
are preferably disposed as close as possible to the outer
edges of the substrates in order to encourage the
reactive gas to flow as close as possible to the faces of
the substrates.

Fach of the first and second plates includes means
for holding the substrates radially in position around
the tubular duct. These means may be constituted 1n
particular by slideways or by rings provided with notches
in which the substrates are engaged.

The invention also seeks to provide an installation
enabling thin porous substrates to be densified uniformly
by chemical vapor infiltration, and to do so with a high
loading capacity.

This object is achieved by an installation
comprising a reaction chamber within which there 1s a
zone for loading substrates for densification, a
susceptor defining the chamber and associated with heater
means, an admission inlet for reactive gas at a first
longitudinal end of the chamber, and a removal outlet
situated close to the longitudinal end of the reaction
chamber opposite from its first end,

the installation being characterized in that the
chamber comprises a plurality of thin porous substrates
disposed in at least one loading device as described
above, the tubular duct of the device being connected to
the admission inlet or to the removal outlet for reactive
gas of the chamber.
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Depending on its dimensions, the chamber may
comprise a plurality of loading devices stacked one on
another, the tubular duct of one loading device co-
operating with the tubular duct of the device on which 1t
ig stacked, and the tubular duct of the loading device
situated at the top of the stack being connected to the

reactive gas admission inlet or removal outlet of the
chamber.

Brief description of the drawings

Other characteristics and advantages of the
invention appear from the following description ot
particular embodiments of the invention given as non-
limiting examples, with reference to the accompanying
drawings, in which:

Figures 1A to 1C are perspective views of tooling
used for loading and densifying thin porous substrates in
accordance with the invention;

Figure 2 is a perspective view of a portion of the
Figure 1A tooling showing a variant embodiment of the
means for holding and positioning substrates;

Figure 3 is a diagrammatic section view showling an
installation for densification by chemical vapor
infiltration in which the substrates are loaded by means
of tooling of the invention;

Figure 4A is a section view of the Figure 3
installation;

Figure 4B is a detail view of a portion of
Figure 4A;

. Figure 4C shows the flow of reactive gas 1n the
presence of inserts;

. Figure 5 is a diagrammatic section view showling an
installation for densification by chemical vapor
infiltration in which the flow of the reactive gas 1s
reversed relative to the installation of Figure 3;

Figure 6 is a diagrammatic section view showing an

installation for densification by chemical vapor
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infiltration in which a plurality of tooling devices of
the invention are superposed and juxtaposed;

Figure 7 is a section view of the Figure 6
installation; and

Figures 8A and 8B show respectively the results
obtained with a method of densification by chemical wvapor
infiltration using a free flow and using a method of
densification by chemical vapor infiltration in

accordance with the invention.

Detailed description of an implementation

The chemical vapor infiltration method for
densifying thin porous substrates in accordance with the
invention makes use of specific tooling for loading
purposes that are constructed and assembled as described
below with reference to Figures 1A to 1C.

Figure 1A shows a loading device or tool 10 at the
beginning of the operation of loading substrates 1 that
are to be densified, i.e. before the tooling 1s closed
and inserted in a reaction chamber of an industrial
chemical vapor infiltration installation. The tooling 10
comprises a vertical tubular duct 11 disposed between two
circular plates 12 and 13. The top end of the duct 11
co-operates with a central opening 121 formed through the
plate 12, and the bottom end of the duct 11 1is closed by
the plate 13. In a variant, the bottom end of the duct
11 could co-operate with a central opening formed through
the plate 13, in particular to enable tooling devices to
be superposed in a reaction chamber, as explained below.

The facing side faces of the plates 12 and 13 have
respective holding and positioning means that are to
receive the substrates for densification. In this
embodiment, shown in Figure 1A, the plates 12 and 13 have
respective pluralities of slideways 14 and 15 that are
uniformly distributed radially around the duct 11. The
substrates 1 for densifying are loaded one by one 1into

the tooling, by engaging them in the slideways. Other
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devices can be used for holding the substrates in
position. For example, as shown in Figure 2, the
slideways may be replaced by rings 15', 15" having
notches 1in which the substrates are engaged. In another
variant, the plates may be provided with riders
optionally of different dimensions or adjustable in
height for receiving substrates of different sizes.
These devices may be fitted onto the plates or they may
form integral portions thereof (bulk machining).

Figure 1B shows the tooling 10 when all of the
substrates 1 have been loaded. It can be seen that they
are uniformly distributed radially around the duct 11.
Once fully loaded, the tooling 10 i1s closed by a
cylindrical envelope 16 as shown in Figure 1C. The
tooling 10 then forms a cell that protects the
substrates. The substrates can thus be transported
easlily to the reaction chamber. All of the elements of
the tooling 10 (plates, tubular duct, substrate holder
means, cylindrical envelope, ...) are made for example of
graphite, of expanded graphite, or of C/C compOsite
material.

Optionally, wedge-shaped inserts 30 can be disposed
between pairs of adjacent substrates so as to encourage
the reactive gas to flow as close as possible to the
faces of the substrates. Like the other elements of the
tooling 10, the inserts 30 may be made for example out of
graphite, of expanded graphite, or of a C/C composite
material.

The duct 11 for delivering or removing the reactive
gas as explained below has a plurality of orifices 111
for allowing the gas to pass through. These orifices 111
are preferably disposed in lines parallel to the axis of
the tube, which lines are uniformly spaced apart from one
another around the periphery of the duct, and the
orifices on a given line are at constant spacing.

The cylindrical envelope 16 is also provided with

orifices 161 to allow the gas to be removed from or
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delivered into the tooling and also to allow gas to flow
within the reaction chamber. The number and angular
positioning of the orifices 161 through the envelope 16
are preferably selected so as to be in alignment one to
one with the orifices 111 in the duct 11.

The tubular duct 11 and the cylindrical envelope 16
may be made up of a plurality of sections connected end
to end to provide a modular construction.

Figure 3 1s a diagram showing a reaction chamber 20
of an installation or oven for chemical vapor
infiltration having substrates for densifying shown
loaded therein. The chamber 20 is generally cylindrical
in shape.

In order to densify the substrates 1, a reactive gas
containing one or more precursors of the material of the
matrix for deposition 1s introduced into the chamber 20.
With carbon, for example, hydrocarbon gases are used,
typically propane, methane, or a mixture of both. With a
ceramic material, such as silicon carbide (SiC) for
example, it is possible in well-known manner to use
methyltricholorosilane (MTS) as a precursor for SicC.

In well-known manner, the porous substrates 1 are
densified by depositing within them the matrix material
as produced by decomposition of the precursor contained
in the reactive gas diffusing inside the accessible
internal pores of the substrates. The pressure and
temperature conditions needed to deposit various matrices
by chemical vapor infiltration are themselves well known.

In the example shown, the reactive gas 1s brought in
by a pipe 21 that opens out into the top portion of the
chamber. The residual gas 1s extracted from the bottom
portion of the chamber wvia a pipe 22.

Heating inside the chamber is produced by a graphite
susceptor 23 that is electromagnetically coupled with an
induction coil (not shown). The susceptor 23 defines the
inside volume 24 of the vertical axis chamber with the

pipe 21 passing through the cover 20a and the pipe 22
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passing through the bottom 20b. The bottom and the cover
are likewise made of graphite.

In order to densify thin porous substrates using a
method in accordance with the invention, the substrates
are loaded into the inside of the chamber 20 using the
loading tooling 10 as described above. As shown 1in
Figures 3 and 4A, the axis of the duct 11 coincides with
the axis of the chamber so that the substrates 1 are
disposed longitudinally along said axis and extend
radially around it starting from the outside wall of the
duct 11. The substrates are contained 1n an internal
volume 17 defined between the duct 11, the envelope 16,
and the plates 12 and 13, this volume defining the
reaction zone for densifying the substrates.

The pipe 21 of the chamber is connected to the duct
11 of the tooling, which forms a preheating zone for the
reactive gas prior to being distributed towards the
substrates 1. A sleeve 18 for forming a preheater
chamber may also be disposed on the top portion of thé
plate 12 around the opening 121. The preheated reactive
gas is distributed in the internal volume 17 by passing
through the orifices 111 1n the duct 11 and passes
through this internal volume 24 of the chamber by
diffusing through the substrates 1 and passing through
the orifices 161 of the envelope 16. The residual gas 1s
extracted from the bottom 20B of the chamber through the
pipe 22 which is connected to suction means (not shown).

Distributing the reactive gas by passing it through
the orifices 111 of the duct 11 serves to ensure that the
gas flows essentially radially in the reaction zone. By
controlling the flow direction of the gas in this way
relative to the shape of the substrates, it is possible
to ensure that the gas becomes depleted in substantially
uniform manner over the entire width of the substrates.

In addition, the loading tooling enables the
reactive gas to be conveyed as close as possible to the
substrates. As shown in Figures 4A and 4B, the reactive



10

15

20

25

30

35

CA 02597253 2007-08-08

12

gas is distributed from the duct 11, passing through the
orifices 111 that face or are close to the i1inside edges
of the substrates. Similarly, the orifices 161 in the
envelope 16 through which the gas 1s removed from the
reactive zone are situated facing or close to the outside
edges of the substrates. In this way, the flow of
reactive gas takes place mainly along the walls of the
substrates, thus serving to optimize the quantity of
reactive species that are diffused within the substrates
and serving to reduce the diffusion boundary layer. A
pressure gradient may optionally be maintalned between
the duct 11 and the internal volume 17. Furthermore,
head loss 1is controlled by the diameter of the orifices,
which diameter may vary so as to achieve equilibrium
between the flows within the reaction zone, where
appropriate.

Figure 4C shows the flow of reactive gas when the
inserts 30 are placed between the substrates. The wedge-
shape of the inserts 30 serves to reduce the volume
between the substrates so as to encourage the reactive
gas to flow as close as possible to the faces of the
substrates.

Another advantage of the loading tooling 1s that it
provides the possibility of achieving a good match
between the composition of the reactive gas and the local
packing density of the load. When the reactive gas 1s
introduced via the tubular duct 11, i1.e. the zone 1in
which the local packing density 1s the greatest because
the substrates are arranged radially (i1.e. the substrates
are very close together), the gas presents a composition
that is rich in reagent. Consequently, prior to being
depleted, the gas 1s distributed in the zone having the
greatest density of substrates. Conversely, at the
periphery of the tooling, the gas presents a composition
that is depleted in reagent, since the reactilive species
have been consumed on passing through the reaction zone.
This depletion is compensated by the local packing
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density being lower (the substrates diverge). This
compensation i1s useful when the gas presents a starting
composition in reactive species that i1s already low. The
risks of premature depletion of reactive species from the
gas can be eliminated by selecting a gas having a
concentration in reactive species that is greater than
that which i1is to be consumed during the infiltration
process.

In a variant i1mplementation of the method of the
invention, the reactive gas can be distributed from the
outside edges of the substrates and evacuated by the
tubular duct 11. Under such circumstances, as shown in
Figure 5, the loading tooling 10 1s disposed inside a
reaction chamber 120 that differs from the above-
described chamber 20 in that the reactive gas 1s admitted
into the internal volume 124 of the chamber by a pipe 122
and is removed by a pipe 123 that i1s connected to the
duct 11 of the tooling 10. In this configuration, the
reactive gas admitted into the chamber by the pipe 122
flows in the internal volume 124 of the chamber and
penetrates into the internal volume 17 of the tooling
through the orifices 161 i1in the envelope 16. The gas
then flows along the faces of the substrates i1n a
substantially radial direction. The gas 1s removed from
the volume 17 via the duct 11 by passing through 1its
orifices 111.

Thus, with the method of densification by chemical
vapor infiltration of the invention, better infiltration
of the substrate textures 1s achieved 1n comparison with
free flow methods. Figures 8A and 8B show respectively
the results obtained after densification by chemical
vapor infiltration performed with a method of
densification by chemical vapor infiltration i1n which the
flow 1s free (Figure 8A) and with a method of
densification by chemical vapor infiltration in
accordance with the invention (Figure 8B). Tests were

performed on identical substrates made up of woven carbon
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fiber texture in the form of plane rectangular parts
(230 mm X 110 mm) of the "nozzle flap" type, with the
composition of the deposits made 1n the substrates being
the same. The numbers given on the substrates of
Figures 8A and 8B represent the total thickness to the
core (in um) as measured at different locations on the
substrates. It can be seen that the thickness to the
core of the substrates in Figure 8B (using the method of
the invention) is on average considerably greater than
the thickness to the core of the substrate 1n Figure 8A
(the free flow). Furthermore, the dispersion in
densification is smaller in the substrate of Figure 8B
than in that of Figure 8A.

The loading tooling behaves like a mini-reactor that
enables the densification parameters to be optimized in
independent manner. Consequently, when the capacity of
the reaction chamber makes this possible, a plurality of
tooling devices can be superposed and/or Jjuxtaposed 1n a
single chamber. Figure 6 shows a reaction chamber 200 1in
which a plurality of tooling devices 100 are disposed 1n
a plurality of stacks. In practice, the structure and
the operation of the tooling devices 100 are similar to
those of the tooling 10 described above. The difference
is that the tubular duct 110 of the tooling 100 opens out
to both sides of the tooling so that all of the ducts in
a given stack co-operate from duct to duct to enable the
reactive gas to be distributed through all of the
reaction zones in the tooling devices. The device at the
top of each stack is connected via the top end of its
duct 110 to a pipe 210 for admitting reactive gas 1nto
the chamber. The residual gas 1s removed via the pipe
220 at the bottom of the chamber. Alternatively, as
explained above with reference to Figure 5, the flow
direction of the reactive gas may be reversed so that it
flows from the outside edges of the substrates towards

their inside edges. Under such circumstances, the top
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end of the tooling duct at the top of the stack is
connected to the removal pipe of the chamber.

With a multiple load made up of a plurality of
tooling devices, the method is adapted merely by feeding
reactive gas to each mini-reactor that is constituted by
a tooling device. The reactive gas flow rates are merely
multiplied by the number of tooling devices that need to
be fed with gas. Furthermore, problems associated with
flow 1n dead zones, as are encountered with free-flow
methods 1n reaction chambers of large size, are
eliminated by using the loading tooling devices of the
invention.

The method of densification of the invention by
chemical vapor infiltration is particularly adapted to
porous substrates or preforms that are thin in shape,
i.e. of thickness that 1s small relative to their other
dimensions (length/width of the faces). By way of
example, such substrates may be parts that are
rectangular or square, being substantially plane or
presenting curves like the substrates 101 shown in
Figures 6 and 7 which present drop edges at their ends.
The densification method of the invention can be used in
particular for fabricating thin parts of ceramic matrix
composite (CMC) material such as nozzle flaps for
aviation purposes.

The loading tooling of the invention also presents
the advantage of enabling a load to be prepared in
advance, 1.e. away from the premises containing the
infiltration oven, and for the substrates for
densification to be transported to the reaction chamber
with reduced risk, unlike the standard tooling
conventionally used with a free flow. The time required
for loading/unloading ovens for chemical vapor
infiltration is thus reduced and handling is facilitated.

The preheating of the gas inside the duct of the
tooling or in the internal volume of the chamber between

the 1inside wall of the chamber and the outer envelope of
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the tooling makes it possible to omit a preheater zone as

is conventionally used with free-flow chemical vapor

sinfiltration methods. The working volume of the chamber

‘s thus increased, thereby enabling the oven to be loaded
5 with increased packing density.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A chemical vapor infiltration method for densifying

thin porous substrates with a material that 1s deposited

therein, the method comprising: loading substrates for

densification inside a reaction chamber of an
infiltration oven; admitting close to a first
longitudinal end of the reaction chamber a reactive gas
containling at least one precursor of the material to be

deposited; and removing the residual gas through an

outlet situated close to the longitudinal end of the

reaction chamber opposite 1ts first end,

-

wherein the substrates are held between facing faces

of first and second plates of a loading device, said
loading device further comprising a tubular duct having a

pr—

plurality of orifices for distributing or removing the

reactive gas, sald substrates beling disposed radially

around the longitudinal duct, the reactive gas then being

distributed along the main faces of the substrates in a

flow direction that 1s essentially radial.

2. A method according to claim 1, wherein the reactive
gas admitted 1n the chamber 1s distributed from the

longitudinal duct.

3. A method according to claim 2, wherein the reactive

gas 1s removed from the outer ends of the substrates

adjacent to the main faces of the substrates.

4. A method according to claim 2 or claim 3, wherein the
reactive gas is preheated in the longitudinal duct prior

to being distributed along the substrates.
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5. A method according to claim 1, wherein the reactive

gas admitted into the chamber i1s distributed from the
outer edges of the substrates, the reactive gas being

removed via the longitudinal duct.

6. A method according to any one of claims 1 to 3,
wherein wedge-shaped 1nserts are disposed between the

substrates.

7. A method according to any one of claims 1 to 6, which

1t further comprises superposing wlithin the reaction

chamber one or more sets of substrates disposed radially
around a longitudinal duct, each longitudinal duct of a
set of substrates co-operating with the longitudinal duct

of the series on which 1t 1s superposed.

8. A method according to any one of claims 1 to 7/, which

further comprises juxtaposing within the chamber a

”

plurality of sets of substrates disposed radially around

a longitudinal duct, each longitudinal duct defined by a

o~ —

set of substrates receiving or removing a fraction of the

reactive gas admitted 1nto the chamber.

9. A method according to any one of claims 1 to 8, which

further comprises Jjuxtaposing at least one additional row

of substrates, each substrate of the additional row lying

in the same radial plane as a substrate of the adjacent

row.

10. A loading device for densifying thin porous

substrates by chemical vapor infiltration in a reaction
chamber of an infiltration oven, wherein the device

comprises a tubular duct disposed between first and
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second plates, the tubular duct opening out in the
surface of at least one of the plates in order to enable

a reactive gas to be admitted to or removed from said

duct, the facing side faces of said first and second

plates i1ncluding means for holding the substrates in a

radial position around said duct, and wherein the tubular

e

duct has a plurality of orifices for distributing or

removing the reactive gas along the main faces of the
substrates 1n a flow direction that 1s essentially

radial.

11. A device according to claim 10, wherein the orifices

in the tubular duct are disposed 1in such a manner as to
distribute or remove the reactive gas along the faces of

the substrates.

12. A device according to claim 10 or claim 11, which
further comprises an outer cylindrical envelope
surrounding the substrates and disposed concentrically
about the tubular duct, the envelope 1ncluding a
plurality of orifices for removing or distributing the

reactive gas.

13. A device according to claim 12, wherein the orifices

in the cylindrical envelope are disposed adjacent to the

.

outside edges of the substrates.

14. A device according to any one of claims 10 to 13,

which

ke

further comprises wedge-shaped inserts disposed

between the substrates.

15. A device according to any one of claims 10 to 14,

wherein each of the first and second plates has a
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plurality of slideways disposed radially about the

tubular duct and 1n which the substrates are engaged.

16. A device according to any one of claims 10 to 15,

wherein each of the first and second plates has two
concentric rings with eqguivalent numbers of notches

radially aligned in pailrs, 1n which the substrates are

engaged.

17. An installation for densifying thin porous substrates
by chemical vapor i1nfiltration, the i1nstallation

comprising a reactilion chamber within which there 1s a

zone for loading substrates for densification, a

susceptor defining the chamber and associated with heater

means, an admission inlet for reactive gas at a first

longitudinal end of the chamber, and a removal outlet
situated close to the longitudinal end of the reaction
chamber opposite from its first end,

whereln the chamber comprises a plurality of thin
porous substrates disposed in at least one loading device
according to any one of claims 10 to 16, the tubular duct
of the device being connected to the admission 1nlet or

to the removal outlet for reactive gas of the chamber.

18. An installation according to claim 17, wherein the
chamber contains a plurality of loading devices stacked
one on another, the tubular duct of one loading device

co-operating with the tubular duct of the device on which

it is stacked, and the tubular duct of the loading device
situated at the top of the stack being connected to the
reactive gas admission inlet or removal outlet of the

chamber.
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19. An installation according to claim 17 or claim 18,

wherein the chamber contains a plurality of juxtaposed
loading devices, the tubular duct of each loading device

being connected to a reactive gas admission 1nlet or

removal outlet of the chamber.
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