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(57) Abrége/Abstract:

A dry pump (32) has an Inlet connected to the oven (10) for the purpose of establishing the desired low pressure conditions
Inside the oven and for extracting residual gas therefrom, a hydrolysis reactor (50) Is connected to an outlet of the dry pump In
order to recelve residual gases coming from the oven, the hydrolysis reactor includes a first outlet (52) for solid deposits or for
acld solutions coming from hydrolysis of the gases it recelves, and it has a second outlet (54) for gas which Is connected to the
atmosphere. Gas Injection means (46, 48) are located between the inlet of the dry pump (32) and the hydrolysis reactor (50) to
prevent any backflow from the hydrolysis reactor towards the pump. Water feed means (74, 76) are connected to the hydrolysis
reactor (50), at least via the second outlet (54) thereof, in order to put into solution the acid vapors that come from the hydrolysis
reactor, thereby avoiding discharging them in the atmosphere.
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A BSTRACT

A dry pump (32) has an inlet connected to the oven
(10) for the purpose of establishing the desired low
pressure conditions inside the oven and for exXtracting
residual gas therefrom, a hydrolysis reactor (50) is
connected to an outlet of the dry pump in order to
receive residual gases coming from the oven, the
hydrolysis reactor includes a first outlet (52) for
solid deposits or for acid solutions coming from
hydrolysis of the gases it recelives, and it has a
second outlet (54) for gas which is connected +o the
atmosphere. Gas injection means (46, 48) are located
between the inlet of the dry pump (32) and the
hydrolysis reactor (50) to prevent any backflow from
the hydrolysis reactor towards the pump. Water feed
means (74, 76) are connected to the hydrolysis reactor
(50), at least via the second outlet (34) thereof, in

from the hydrolysis reactor, thereby avoiding
discharging them in the atmosphere.
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GAS REMOVAL DEVICE

The present invention relates +to industrial
installations for fabricating composite material parts,
which installations include ovens for chemical vapor
deposition or infiltration. More particularly, the
invention relates to a gas extraction device for such
installafions.

A known technique for fabricating composite
material parts, in particular parts made of
thermostructural composite materials such as carbon-
carbon composites Or ceramic matrix composites,
consists in making preforms of +the parts and in
densifying the preforms in a chemical vapor deposition
Oor infiltration oven. Preforms for parts are generally
constituted by fibrous textures or fabrics. The
preforms, optionally held in shape by tooling, are
inserted into an oven into which there is admitted a
gas whose composition is selected as a function of the
nature of the matrix of the composite material. Under
predetermined conditions of +temperature and pressure,
the gas diffuses throughout the pores in the preforms
and, by decomposition of one of its components or by
reaction between a plurality of its components, it
leaves behind a solid deposit that progressively
densifies the preforms by filling up their pores and
thus forming the matrix.

Since chemical vapor deposition or infiltration
takes place under low pressure, it is necessary to

provide pumping means connected to the oven. An
industrial installation for chemical vapor infiltration

and operating with a water ring pﬁmp is described in
document WO 87,/04733.
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The gaseous reaction products and/or the residues of
the gas as extracted from the oven by pumping may give
rigse to difficulties because they are toxic or corrosive,

5 or because they tend to form unwanted deposits.

This applies in particular when fabricating parts
made of composite materials 1n which the matrices are at
least mainly constituted by a ceramic such as a silicon
carbide (e.g. 8iC), or, more particularly, when the

10 matrix includes at least one ceramic such as boron
carbide (B,C) or a silicon-boron-carbon (Si-B-C) ternary
system as described in document EP-A-0 483 009.

The precursors used 1in the gas then generally
include gaseous halides, in particular gaseous chlorides,

15 which, in addition to being corrosive and toxic, can also
form considerable solid deposits on leaving the oven.
This applies in particular to boron trichloride BCl,, a
precursor for the element boron.

In the above-mentioned installation that uses a

20 water ring pump, it has thus been observed by the
Applicant that the presence of moisture at the 1inlet to
the pump gives rise to solid deposits because of reaction
with the gaseous chlorides, thereby progressively and
inescapably clogging the pumping pipework. It 1s then

25 necessary to perform frequent maintenance, or indeed
replacement, of the components 1in the pumping device,
which operations require great precautions to be taken
because of the unwanted solid deposits are frequently of
an unstable nature.

30 The present invention i1is directed towards the
provigsion of a gas extraction device which avoids the
abovementioned drawbacks, 1in particular which avoids
unwanted deposited forming that could give 1rise to
clogging. The present invention 1is further directed

35 towards the provision of an extraction device 1including

means for treating corrosive and toxic gases coming from

the oven prior to discharging them to the atmosphere.




10

15

20

235

30

335

CA 02206464 2000-11-09

In accordance with the present invention, there is
provided a device for extracting gas from an oven for
chemical vapor deposition or infiltration in an
industrial installation for fabricating parts made of
composite material, the device comprising a dry pump
having an 1inlet connected to the oven to enable the
desired low pressure conditions to be established inside
the oven and to enable residual gases to be extracted
therefrom; and a hydrolysis reactor connected to an
outlet of the dry pump and designed to receive the
residual gases coming from the oven, the hydrolysis
reactor having a first outlet for solid deposits or acid
solutions coming from hydrolysis of the gases it
receives, and a second outlet for gas that is connected
to the atmosphere.

Advantageously, means are provided for injecting a
gas, preferably an 1inert gas such as nitrogen, between
the inlet of the dry pump and the inlet of the hydrolysis
reactor. The gas injection may be performed both at the
inlet of the dry pump and into a duct connecting the dry
pump to the hydrolysis reactor. In addition to having a
diluting effect on the gases extracted from the oven,
such gas 1injection contributes to oppOSing backflow from
the hydrolysis reactor to the pump, thereby avoiding any
return of hydrolysis reaction products towards the pump.

Water feed means are advantageously provided to
establish a continuous flow of liquid between at least
one access to the hydrolysis reactor and the first outlet
thereof.

The water feed means are preferably connected to the
hydrolysis reactor via at least the second outlet thereof
soO as to make 1it posSible to put the acid wvapors that
come from the reactor into solution, thereby avoiding

discharging them in the atmosphere.
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second outlet of the reactor.

Also for avoiding discharge of toxic or corrosive
substances, the first outlet of the hydrolysis reactor
may be connected to a neutralization tank for the
purpose of neutralizing the acid solutions produced by
hydrolysis.

A particular embodiment of +the invention is
described below by way of non-limiting indication with
reference to the accompanying drawing in which the sole
figure is a highly diagrammatic overall view of a gas
extraction device in accordance with the invention.

The gas extraction device shown is connected +o
the outlet of a chemical vapor infiltration oven 10,
€.g. as described in above-mentioned document WO
87/04733. Very briefly, the oven 10 comprises a
reaction chamber 11 defined by a graphite induction
body 12. The induction body is surrounded by a metal
inductor 13 with heat insulation 14 being interposed
therebetween. The assembly is housed inside a gastight
metal enclosure 15.

The induction body 12 is in the form of a cylinder
about a vertical axis that is closed at its bottom end
by a bottom 12a and at its top end by a removable cover
12b. Inside the chamber 11, preforms to be densified
are placed on a perforated turntable 16. The preforms

(not shown) may be fiber-based structures that are

out of composite material, and they may optionally be
held in tooling. The +turntable 16 is capable of
rotating about a vertical axis coinciding with that of

the chamber 11. Rotation is under the control of a
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motor (not shown) coupled to the turntable by a shaft
17 passing through the bottom 12a.

Reaction gas containing the precursor(s) for the
matrix of the composite material and taken from
supplies thereof (not shown) is injected into the
Chamber 11 via a feed duct 18 passing through the
enclosure 15 and opening out into the top portion of
the chamber through the cover 12b. An additional flow
of 1inert gas, e.g. nitrogen, | may be added to the
reaction gas in order to adjust the pressure inside the
chamber. The reaction gas that penetrates into the
chamber 12 is made to flow in contact with preheating
plates. These plates as constituted by superposed
perforated plates 19 make it possible to raise the
temperature of the reaction gas quickly to the
temperature inside the chamber.

Residual gas is extracted through one or more
ducts 20 connected to the bottom portion of the chamber
1l via an annular passage 21 surrounding the shaft 17.

inert gas, such as nitrogen. This gas is fed via a
duct 22. It 1s extracted from the enclosure 15 by a
duct 24. A buffer of inert gas is thus formed around
the chamber 11.

Outside the chamber, the ducts 20 and 24 are
connected together so as to form a single duct 30.

In conventional manner, a control unit (not shown)
receives signals representative of the temperature and
the pressure inside the chamber 11, and controls a
generator 28 which supplies feed current +o the
inductor so as to maintain the temperature inside the
chamber at the predetermined optimum value for chemical

vapor infiltration.
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As mentioned above, the preforms contained in the
infiltration oven are densified with d ceramic matrix,
in particular a matrix formed at least in part from the

ternary Si-B-C system, including SicC, BaC, and SiBy,

corrosive, and 1liable to form unwanted deposits on
leaving the oven 10. These precursor gases are
constituted, in particular, by gaseous chlorides such
as SiyxHyCl, or B¢H,Cl, (where x, vy, z, t, u and v are
integers).

According to a feature of the device of the

the control of the control unit of the installation.
The term "dry pump" is used herein to designate a pump
which, in operation, makes use of no liquid such as oil
Or water that might react with +the gases coming from
the oven to form unwanted deposits. By way of example,
it is possible to use a pump as sold by Edwards under
the name Dry Pump DP180. That pump provides the
additional advantage of having an operating temperature
that can be adjusted up to 160°C, thereby making it
possible to select an operating temperature that avoids
any phenomenon of recondensation Ttaking place within
the pump body. A filter 34 may be mounted in the duct
30 in order to retain solid particles of a size
exceeding a threshold preferably lying in the range 10
microns to 15 microns. By way of example, the filter
34 may be constituted by a rolled-up fine mesh of
stainless steel, such as the ITF cyclone effect filter
sold by Edwards.

Means are provided downstream from the pump for

treating the gases extracted thereby in order to avoid
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pumping toxic and corrosive gases into the atmosphere
and in order to avoid unwanted deposits forming at the
outlet from the pump.

The processing means comprise a hydrolysis reactor
50 connected to the outlet of the pump 32 by a duct 40.
The gases coming from the pump reach the reactor by
following a rising path along a first portion 42 of the
duct 40 and then following a falling path, initially
through a gas jet venturi 43 and then along a tube 44
into which a helix is inserted and forming the end
vertical portion of the duct 40. The tube 44
terminates at the top of the hydrolysis tank 50,
passing through a cover 50a.

The acid solutions and solid deposits produced by
hydrolyzing the residual gases extracted by the pump
are evacuated through an outlet 52 that leads into the
bottom 50b of the hydrolysis reactor. The outlet 52 1S
connected to a neutralization tank 60 via a duct 62.
The tank 60 contains a bath 64 suitable for
neutralizing the acid solutions conveyed thereto by the
duct 62.

An inert gas, e.g. nitrogen, is injected into the
circuit of the gases extracted from the oven, firstly
at the inlet to the pump 32 via a duct 46, and secondly
via a duct 48 into the portion 42 of the connection
between the pump and the hydrolysis reactor, upstream
from the venturi 43.

The effect of injecting nitrogen is to dilute the
gas at the inlet to the pump 32 and to Ooppose any
return of acid wvapor or solid particles from the
hydrolysis reactor 50 back towards the pump, thereby
avoiding any clogging of the pump outlet. The wventuri
43 and the tube 44 constituting that portion of the
duct 42 which terminates at the hydrolysis reactor and
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in which the gas flows downwards, reinforce the
function of providing an interface between the pump 32
and the hydrolysis reactor 50 as provided by injection
nitrogen.

70. A filter 72, e.g. constituted by "Rashig" rings is
inserted in the column 70. A water injection inlet 74
is provided in the column 70 in +the top portion
thereof, and it communicates with a supply of water
(not shown) via a duct 76. The water injected in this
way Ccreates a mist in the column and it penetrates into
the hydrolysis reactor 50 through its outlet 54,
forming a water curtain 56. This water flows into a
zone of the hydrolysis reactor that is defined by the
lateral wall 50c where the outlet 54 is formed and a

reactor 50 from the cover 50a. As a result, any acid
vapor that may be entrained out from the reactor 50
through its outlet 54 is dissolved and is returned to
the reactor for evacuation via the outlet 52.

In the example mentioned above where the

infiltration oven 10 is fed with gas containing

hydrogen and by the nitrogen injected into +the

extraction device.
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CLAIMS

l/ A device for extracting gas from an oven for
chemical vapor deposition or infiltration in an
industrial installation for fabricating parts made of
composite material, the device being characterized in
that it comprises:

a dry pump (32) having an inlet connected +o the
oven (10) to enable the desired low pressure conditions
To be established inside +the oven and +to enable
residual gases to be extracted therefrom: and

a hydrolysis reactor (50) connected to an outlet
of the dry pump and designed to receive +the residual
gases coming from +the oven, the hydrolysis reactor
having a first outlet (52) for solid deposits or acid
solutions coming from hydrolysis of the gases it
receives, and a second outlet (54) for gas that is

connected to the atmosphere.

2/ A device according to claim l, characterized in that
1t includes gas injection means (46, 48) between the
inlet to the dry pump (32) and the hydrolysis reactor
(350) in order to avoid any backflow from the hydrolysis
reactor towards the pump.

3/ A device according to claim 2, characterized in that
the gas injection means (46, 48) are connected firstly
to the dry pump (32) via the inlet thereof, and
secondly to a duct (42) connecting the dry pump to the
hydrolysis reactor (50).

4/ A device according to any one of claims 1 to 3,
characterized in that it includes water feed means (74,

76) enabling continuous 1liquid circulation to be
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provided at least between one access to the hydrolysis
reactor (50) and the first outlet (52) thereof.

5/ A device according to claim 4, characterized in that
the water feed means (74, 76) are connected to the

discharging them into the atmosphere.

6/ A device according to claim O, characterized in that

1t includes water injection means (74, 76) inside a

(60) connected to +the first outlet (52) of +the
hydrolysis reactor (50).
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