Office de la Proprieté Canadian CA 2469330 C 2010/11/23

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 469 330
Findustie Canada Industry Ganada 12 BREVET GANALIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2002/12/04 (51) Cl.Int./Int.Cl. BO1D 53/74 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2003/06/12 | (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2010/11/23 BAUDRY, YVAN, FR,

LAMBERT, JEAN-PIERRE, FR;
(85) Entree phase nationale/National Entry: 2004/06/04 DELPERIER, BERNARD. FR:

(86) N° demande PCT/PCT Application No.: FR 2002/004169 POTIN, JEAN-FRANCOIS, FR
(87) N° publication PCT/PCT Publication No.: 2003/047725 (73) Proprietaire/Owner:

o SNECMA PROPULSION SOLIDE, FR
(30) Priorité/Priority: 2001/12/05 (FR0115697)
(74) Agent: SIM & MCBURNEY

(54) Titre : PROCEDE ET INSTALLATION POUR LE TRAITEMENT DE GAZ EFFLUENT CONTENANT DES
HYDROCARBURES

54) Title: METHOD AND INSTALLATION FOR TREATING FLUE GAS CONTAINING HYDROCARBONS

water

30
26
27?2 20 effluent gas . Y
i T
12 | o X ,
o7/ (\ Yo
O O
10| ofd 110 g
O ' O
v/ N7
16 O O
O O
D /_\ ;
O O
Q O i
18 57 il
reagent gas
-
24
53 o1 _ 79
50 77 J )
56 _
water q4—— —
water — —

(57) Abréegée/Abstract:

Prior to passing through pumping apparatus (60) effluent gas containing hydrocarbons is subjected to washing by being sprayed
with aromatic type oll in oll-recirculating washing apparatus (30). Polycyclic aromatic hydrocarbons contained in the effluent gas are
trapped by being absorbed In the oll. The method Is suitable for treating effluent gas coming from an installation for chemical vapor

deposition or Infiltration using a reagent gas containing a precursor for pyrolytic carbon, or else coming from a cementation
Installation.
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A BSTRACT

Prior to passing through pumping apparatus (60)
effluent gas containing hydrocarbons 1s subjected to
washing by being sprayed with aromatic type o1l 1n o1l-
recirculating washing apparatus (30). Polycyclic
aromatic hydrocarbons contained in the effluent gas are
trapped by being absorbed in the oil. The method is
suitable for treating effluent gas coming from an
installation for chemical vapor deposition or
infiltration using a reagent gas contalning a precursor
for pyrolytic carbon, or else coming from a cementation

installation.
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Title of the invention

Method and installation for treating flue gas containing

hydrocarbons

Background of the invention

The invention relates to treating effluent gas
containing polycyclic aromatic hydrocarbons.

The field of application of the invention 1s more
particularly that of treating effluent gas produced by
industrial installations for chemical vapor deposition or
infiltration to form a deposit of pyrolytic carbon on
substrates or to densify porous substrates with a matrix
of pyrolytic carbon.

auch installations are very well known. Substrates

for coating or densifying with pyrolytic carbon are

placed in an oven into which a reagent gas containing one
or more precursors of said carbon is introduced. The
precursor gas is a hydrocarbon, typically methane,
propane, or a mixture of both. The pressure and the
temperature in the oven are adjusted so as to cause the
coating or the matrix of pyrolytic carbon to be produced
by the precursor gas decomposing (cracking) on coming
into contact with the substrates. The effluent gas
containing by-products of the reaction is extracted
continuously from the oven by pumping.

The by-products of the reaction comprise organic
compounds having a very high solidification temperature,
in particular polycyclic aromatic hydrocarbons (PAHS)
such as, in particular: naphthalene, pyrene, anthracene,
acenaphthylene, ... . On condensing, these reaction by-
products form tars which tend to become deposited in the
outlet pipework from the oven as the effluent gas cools.
These tars are also to be found in the pumping apparatus,

e.g. in the oil of vacuum pumps Or 1in condensates from

steam ejectors.

Similar problems can be encountered with industrial

installations other than ovens for chemical wvapor
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N

deposition or 1nfiltration but that also make use o0;

hydrocarbons as reagent gas, for example cementation

ovens.,

BRIEEF SUMMARY OF THE INVENTION

The present invention 1s directed towards the

C e

provisions of a method of treating effluent gas

containing tars, in particular polycyclic aromatic
hydrocarbons, to avoild clogging plpework or polluting the
environment with these tars.

F

In accordance with one aspect of the present

invention, there is provided a method of treating

ﬁ
—

e-

fluent gas containing hydrocarbons, the method

including the steps of: washing the effluent gas by
spraying aromatilic type 01l having a vapor pressure of
less than 100 Pa at 0°C; trapping polycyclic aromatic
compounds with the washing o©1l; and passing the treated
gas through pumping apparatus.

Compared with other gas washing techniques, spray
washing serves to limit head loss and to minimize the
formation of tar deposits on walls, as might happen when
using washiling columns with plates.

The washing o0il used must remain in the liquid phase
during the washing process so as to avoid producing vapor

that i1s entrained by the effluent gas. Specifically with

o

effluent gas from an oven for chemical vapor deposition

or infiltration, the pressure of the effluent gas at the

outlet from the oven 1s relatively low. The washing o1l
must therefore present low vapor pressure, preferably
less than 100 Pascals (Pa) at 0° C.

n addition, the composition of the o0i1l must enable

the tars that need to be trapped to be absorbed well.
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That is why it i1s preferable to select a mineral o1l of
the aromatic type having low PAH content, and capable of

absorbing and dissolving PAHs.

According to a feature of the method, the effluent
gas 1s washed by i1njecting 01l i1nto a stream of effluent
gas travelling along a spray column, e.g. a Venturi
column.

Advantageously, the o1l circulates contilnuously
between a recirculation tank collecting the PAH-filled

oil and at least one nozzle for spraying o1l into a

stream of effluent gas. The o0il 1s preferably cooled by
passing through a heat exchanger on 1ts path between the
tank and the spray nozzle(s).

According to another feature of the method, the

effluent gas 1s pumped by passing the washed gas through

at least one steam ejector-condenser. Advantageously, at
least a portion of the gas from the ejector-condenser 1is
used as combustion gas for apparatus producing the steam

that 1s fed to the ejector-condenser.

Also advantageously, the condensate coming from the
ejector-condenser 1s treated by belng passed over
activated carbon 1n order to recover light hydrocarbons,
in particular benzoles, and any residual PAH contained 1n
the condensate.

The present invention 1s further directed to the

provision of an installation for implementing the above-

defined method.

In accordance with a further aspect of the present
invention, there is provided an industrial 1nstallation
for chemical vapor deposition or infiltration to form a

deposit comprising pyrolytic carbon on substrates or to

densify porous substrates with a matrix contalning
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pyrolytic carbon, the installation comprising: an oven
having a reagent gas 1nlet and an effluent gas outlet; a
gas pumplng apparatus connected to the effluent gas
outlet; and an 01l washing apparatus interposed between
the effluent gas outlet and the pumping apparatus, the
01l washing apparatus comprlsing: a spray column having

an inlet connected to receive effluent gas from the

effluent gas outlet and enable the effluent gas to flow

along the column; and means for injecting washing oil

into the spray column.
The spray column may be a Venturi column.
According to a feature of the installation, the
washing apparatus includes an oil recirculation tank

having: an 1nlet connected to the spray column; an oil

outlet connected to the means for injecting oil into the

column so as to cause the 01l to circulate continuously
between the recirculation tank, the o0il injection means,
and the spray column; and an outlet for washed gas
connected to the pumping apparatus.

Advantageously, the washing apparatus includes a

#

heat exchanger placed on the path of the effluent gas

downstream from the spray column, and means for feeding

the heat exchanger with a cooling fluid.
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Also advantageously, the washing apparatus includes
a heat exchanger placed between the o0il outlet and the
0il injector means in order to cool the oil prior to
injecting it into the column.

According to another feature of the installation,
the pumping apparatus comprises at least one steam

ejector-condenser.
Advantageously, the steam is produced in a boiler

having fuel gas feed means connected to a gas outlet from
the ejector-condenser.

The ejector-condenser may be of the indirect
condenser type. Means are preferably provided for
treating the condensate coming from the ejector-condenser
in order to recover hydrocarbons contained therein, e.g.
means for adsorption on activated carbon.

In a variant, the ejector-condenser may be of the
direct condenser type. The condensate coming from the

condenser can then be treated by being passed through a

stripplng tower.

Brief description of the drawings

The invention will be better understood on reading

the following description given by way of non-limiting
indication and made with reference to the accompanying
drawings, in which:

Figure 1 shows an industrial installation for
chemical vapor infiltration provided with an installation
for treating effluent gas constituting an embodiment of
the invention; and

Figure 2 shows a portion of an installation for

treating effluent constituting another embodiment of the

invention.

Detailed description of embodiments
Figure 1 is a highly diagrammatic representation of

an installation for chemical vapor infiltration that 1is
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intended more particularly for densifying porous
substrates with a pyrolytic carbon matrix.

An oven 10 housed 1n an enclosure 12 recelves porous
substrates 14 that are to be densified, e.g. fiber
preforms for parts that are to be made out of carbon
matrix composite material.

The oven 10 is defined by a wall 16 forming a
susceptor, e.g. made of graphite, and by a bottom 18 and
a cover 20. The susceptor 16 1s coupled with an
induction coil 22, the oven being heated essentially by
radiation from the susceptor which is heated by being
coupled inductively with the induction coil.

A reagent gas is inserted via a plpe 24 passing
through the bottom 18 of the oven, for example. The
reagent gas comprises one Or more carbon precursors 1n
gaseous form, in particular methane and/or propane. The
effluent gas is extracted from the oven through the cover
20 by means of a pipe 26 connected to pumpling apparatus
which ensures that gas flows through the oven and which
maintains the desired low pressure inside the oven.

Such an installation 1s well known per se so there
is no point in giving a more detalled description.

A matrix of pyrolytic carbon 1s formed within the
pores of the substrates by the gaseous precursor(s)
decomposing. Reaction by-products are also formed and
these are collected in the effluent gas together with a
fraction of the reagent gas which has not reacted and
together with the hydrogen gas H, that comes from
decomposing the gaseous precursor of carbon.

The reaction by-products comprise 1n particular the
following organic compounds:

residual reagent gas and hydrogen gas;

unsaturated hydrocarbons, mainly ethylene and
acetylene; these do not present any particular problems
and can be burnt at the outlet;

benzoles such as benzene, toluene, xylene (BTX);

and
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polycyclic aromatic hydrocarbons, such as
naphthalene, pyrene, anthracene, acenaphthylene,

PAHs present greater difficulty because of their
high solidification temperature which facilitates
condensation thereof, causing tars to become deposited in
the outlet pipes from the oven as soon as the temperature
of the effluent gas decreases.

Thus, the invention provides an 1nstallation for
treating effluent gas, said installation comprising
apparatus 30 for washing the effluent gas by means of
oil, which apparatus is interposed between the outlet for
effluent gas from the oven 10 and the pumpling apparatus
60.

The o0il washing apparatus 30 comprises a spray
column 32 whose top end 1s connected to the pipe 26. The
column 32 is a column having a Venturi 34 formed by a
constriction in the flow section it provides for gas. At
its bottom end, the column 32 communicates with a gas
inlet 42 formed through the top wall of an o1l
recirculation tank 40 in the vicinity of one end thereof.
A gas outlet 44 also opens through the top wall of the
tank 40, in the vicinity of 1its other end, and
communicates by means of a pipe 62 with the pumping

apparatus 60.
An oil outlet is formed in the bottom portion of the

tank 40 and is connected to a pump 50 which extracts oil
from the tank 40 in order to feed nozzles 36, 38 disposed
substantially on the axis of the column 32, the 01l being
caused to pass through a heat exchanger 52. Additional
nozzles 46a and 46b may be disposed i1n the tank 40, with
the nozzles 46a and 46b being fed with 01l downstream
from the heat exchanger 52, in parallel with the nozzles

36 and 38.
The heat exchanger 52 has a cooling fluid passing

therethrough, e.g. cold water, for the purpose of cooling
the o0il that comes from the tank 40. The cooling o1l

also passes through a heat exchanger 54, e.g. 1mplemented
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in the form of plates and connected in series with the
heat exchanger 52, being disposed 1inside the tank 40.

The heat exchanger 54 and the nozzles 46a and 46b
are housed inside the tank between its gas inlet 42 and
its gas outlet 44, above the level of the o0il in the
tank.

A droplet remover 48 may be mounted at the gas
outlet 44 from the tank 40.

The o1l washing apparatus 30 operates as follows.

The o1l delivered to the nozzles 36 and 38 1is
sprayed into the stream of effluent gas passing through
the column 32, this spraying being enhanced by the
increase in the speed of the gas due to the presence of
the Venturi 34. One of the nozzles, 36, may be provided
in the top portion of the column 32 upstream from the
Venturi, while the other nozzle, 38, 1s provided close to
the throat of the Venturi. It would also be possible to
use only one nozzle, 36 or 38.

The sprayed oil absorbs a large fraction of the tars
conveyved by the effluent gas, 1n particular the
polycyclic aromatic hydrocarbons (PAHs) which are
entrained into the bath of o©1l contained in the tank 40.

The oil used must present vapor pressure that is low
enough to ensure that i1t does not wvaporize at the
pressure which exists at the outlet from the oven 10 soO
as to avoid loading the effluent gas with oil vapor. As
an indication, the pressure inside the oven 10 during the
various stages of the infiltration process may be less
than about 0.2 kilopascals (kPa). The viscosity of the
oil must also be sufficiently low to enable it to be put
into circulation and to enable a mist to be formed at the
outlet from the nozzles.

That is why the 0il 1s preferably an aromatic type
mineral oil having vapor pressure of less than 100 Pa at
0°C, and capable of absorbing and dissolving PAHs.

An oil based on Xylenes, such as the synthetic oil

sold under the name "Jaritherm AX 320" by the French
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supplier El1f Atochem and constituted by 85% by weight
mono-xylyxylene and 15% by weight di-xylyxylene has been
found to be effective. That ©il has viscosity of

60 centipoilses at 0°C and a vapor pressure at 0°C of less
than 100 Pa.

By way of comparison, an oil based on paraffin has
been found to be ineffective because of i1its inability to
dissolve PAHs.

The heat exchangers 52 and 54 are fed with cold
water at a temperature near 0°C in order to cool as much
as possible the oil injected by the nozzles 36 and 38,
and also by the nozzles 46a and 46b on the path between
the inlet and the outlet of gas passing through the tank
40.

The heat exchanger 54 encourages condensation of tar
still present in the effluent gas leaving the column 32.

The droplet remover 48, e.g. of the baffle type,
contributes to breaking up a migt present at the outlet
from the tank 40 so as to separate out droplets and cause
them to coalesce, thereby enabling them to be collected
in the bath of oil.

The tank may be emptied at least in part via the
outlet from the pump 50 by closing a valve 51 mounted in
a pipe connecting the outlet of the pump 50 to the heat
exchanger 52 while opening a valve 53 mounted 1n a pipe
connecting the output from the pump 50 to an outlet 56
for waste 0i1il. The collected waste o1l can be destroved
by being incinerated, and clean o1l can be added into the
tank 40.

The trapping performed by the oil washing apparatus
30 serves to eliminate a maximum amount of tar such as
PAHs. Only the lightest aromatic hydrocarbons (benzenes,
monocyclic hydrocarbons) might remain in the washed
effluent gas, but they do not present any risk of
clogging the pipes since thelr vapor pressure 1s higher.

The pumping apparatus 60 comprises an ejector-

condenser 64, or a plurality of similar ejector-
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condensers connected 1n series (only one being shown in
the figure).

The ejector-condenser 64 comprises an ejector
portion 66 fed with steam from a boiler 80, and a
condenser portion 68 situated downstream from the
ejector. The condenser 68 1s an indirect condenser, the
gas coming from the ejector being brought into contact
with pipes conveying a cooling fluid, e.g. cold water.

After passing through the condenser 68, the water 1s
taken to a cooling tower 70 where it can be collected in

a tank 72 i1nto which additional water 1s added by means

of a pipe 73 so as to enable continuous circulation to be
performed by a pump 74 inserted in a pipe connecting the
tank 72 to the condenser 68.

The condensate collected in an outlet pipe 76 from
the condenser contains benzoles such as benzene, toluene,
xylene (BTX) together with any residual PAH dissolved in
the water coming from condensation of the steam from the
ejector 66. The condensate is treated by adsorption on a
fixed bed 77 of activated carbon contained 1in an
adsorption column 78. The pipe 76 is connected to the top
of the column 78 and purified water is collected from the
bottom of the column from which it can be taken by a pipe
79 to the tank 72. A plurality of adsorption columns with
activated carbon beds may be connected in series.

At the outlet from the condenser, the effluent gas
passes through a pump 88. It is possilible to use a water
ring pump cooled by a heat exchanger so that the gas
extracted from the treatment installation 1s practically
at ambient temperature.

The extracted gas contains essentially unsaturated
hydrocarbons 1n addition to residual reagent gas and
hydrogen gas H,; coming from the oven 10. It can be

directed to a burn-off flare by a pipe 89 and at least

part of it can be used as fuel gas for the boiler 80. It

it is used as fuel gas, it is mixed 1n a buffer cylinder
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82 with a gaseous fuel such as natural gas delivered by a
pipe 84. The buffer cylinder 82 feeds the burners 86 of
the boiler 80.

In a variant, as shown in Figure 2, the ejector-
condenser 64 (or each of them when a plurality are
connected in series) comprises a direct condenser 168
(instead of an indirect condenser) downstream from the
ejector 66. Elements that are common to both embodiments
of Figures 1 and 2 are given the same references and are
not described in detail below.

The flow coming'from the ejector 66 1s put 1into
direct contact with cooling water inside the condenser
168.

The condensate and the cooling water are collected
in a vessel 170 prior to being taken to a stripping tower
172. The gas from the condenser 168 1s taken to the
buffer cylinder 82.

The stripping tower 172 is fed with steam and air.
The steam may be taken from the boiler 80, in which case
the boiler is dimensioned so as to be capable of feeding
both the ejector 66 and the stripping tower.

The gas coming from the stripping tower, comprising

air, steam, benzoles, and possibly some naphthalene 1is

taken to a burn-off flare.

The ligquid effluent from the stripping tower 1is
collected in a tank 174. It is made up essentially of
water which is recycled to the condenser 168 as cooling
water. Excess water collected in the tank 174 contains
only a very small quantity of benzoles and can be
discharged i1nto the sewers.

Although the description above relates to the
invention being applied to an oven for densifying porous
substrates with a matrix of pyrolytic carbon obtained by
chemical gas infiltration, it can readily be seen that
the invention is applicable to an industrial oven for
coating substrates in pyrolytic carbon by chemlcal gas

deposition, and more generally to industrial
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installations using hydrocarbons and discharging gaseous
effluent containing tar such as PAHs, as can be the case
in particular for cementation ovens.

The following tables give the results of analyses
performed on o0il and water after an i1nstallation of the
kind shown in Figure 1 had been 1n operation for various
periods.

Table I gives the original composition of the
washing oil (time of use = 0), after 1231 hours (h) of
operation in the installation, and after 2137 h of
operation. This table also gives the initial volume of
oil and the subsequently measured volumes, together with
the mass of the absorbed PAHs. |

It can be seen that the washing oil has large
adsorption capacity, said oil being the above-mentioned
"Jaritherm AX320".

Table II gives the quantities of hydrocarbons
measured in the water at the inlet and the outlet of the
column 78 for filtration by adsorption on activated
carbon, after the installation had been in operation for
3500 h. This table also gives the phenol index, the pH,
the turbidity, the total organic carbon content (COT),
and the material in suspension.

It can be seen that activated carbon filtering is

effective in eliminating the PAH residues and the

benzoles in the condensates from the condenser 68.
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TABLE I

period of use (h)

PAH

Naphthalene
Acenaphthylene
Acenaphthene

Fluorene

Phenanthrene

Anthracene

Fluoranthene

Pyrene

RBenzo {(a) anthracene
Chrysene

Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene

Dibenzo (a,h) anthracene
indeno (1,2,3,cd) pyrene
Benzo (ghi) perylene

Total PAH in milligrams per
liter (mg/1l)

Benzoles (mg/1l)
Benzene
Toluene

Ethyl benzene
Xylenes

Total benzoles (mg/1l)

Total hydrocarbons (mg/1)

Tnitial oil volume 1n liters

(1)

Measured volume (1)
Change in volume (1)}

Wweight of PAH (kg)

0il analysis results

-
O

L)

l 138.

800

=W 3 = 2O O

~]
N

o O O+ O O

138.

800

3

1231h

33500
30400
828
12200
8600
3060
3400
8600
282
140
162
111
697
160
504
192

102836

530
110
20
20

680

103516

800

9501
101

98 .65

2137h

40500
52000
1420
19400
11800
4420
4900
12000
445
192
324
206
1335
198
1114
573

150827

670
110
20
20

820

151647

800

942
142

138.79
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PAH micrograms per liter (pug/1)

Naphthalene
Acenaphtylene

Anthracene

Benzo {(a) pyrene

Dibenzo (a,h) anthracene
Tndeno (1,2,3,cd) pyrene

Total PAH (ug/1)

Benzoles (ug/1l)
Benzene
Toluene

Ethyl benzene
Xylenes

Total benzoles (ug/l)
Total hydrocarbons (pg/1)

Phenol 1ndex

pH

Turbidity 1in nephelometric
rurbidity units (NTU)

coT (mg/1)

Matter in suspension (mg/1)

13

TABLE Il

Water analysis results

Refore filter

9710
1730
226
38
8.4
16

11728 .4

15400

1000

1000

1000

18400

30128.4

<75

7.25
7.3

| After filter
0

.1
1
.1
1
1
1

o O O O

<10
<10
<10
<10

<40

<41.5

<10

| 7.s5

0.55
0.3

PRCRT P [T VR |
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The embodiment of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A method of treating effluent gas containing hydrocarbons, the method
including the steps of: washing the effluent gas by spraying aromatic type oil
having a vapor pressure of less than 100 Pa at 0.degree. C.; trapping
polycyclic aromatic compounds with the washing oil; and passing the treated
gas through pumping apparatus.

2. A method according to claim 1, wherein the effluent gas is washed by

injecting oil into a stream of effluent gas travelling along a spray column.

3. A method according to claim 2, further comprising the step of continuously
circulating the washing oil between a recirculation tank collecting oil loaded
with polycyclic aromatic hydrocarbons and at least one nozzle for spraying oil
into the effluent gas stream.

4. A method according to claim 3, further comprising the step of cooling the
washing oil on its path between the recirculation tank and the at least one

spray nozzle.

5. A method according to any one of claims 1 to 4, wherein the oil selected is
based on xylenes.

6. A method according to any one of claims 1 to 5, wherein the effluent gas is
pumped by passing the gas through at least one steam ejector-condenser of
the indirect condenser type.

7. A method according to claim 6, wherein the condensate from the ejector-
condenser is treated by being passed over activated carbon in order to
recover light hydrocarbons and any residual polycyclic aromatic
hydrocarbons.
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8. A method according to any one of claims 1 to 5, wherein the effluent gas is

pumped by being passed through at least one steam ejector-condenser of the
direct condenser type.

9. A method according to claim 8, wherein the condensate from the ejector-
condenser is treated by passing through a stripping tower.

10. A method according to any one of claims 6 to 9, wherein at least a portion

of the washed gas coming from the ejector-condenser is used as fuel gas for

a device for producing steam feeding the ejector-condenser.

11. An industrial installation for chemical vapor deposition or infiltration to form

a deposit comprising pyrolytic carbon on substrates or to densify porous
substrates with a matrix containing pyrolytic carbon, the installation

comprising: an oven having a reagent gas inlet and an effluent gas outlet; a

gas pumping apparatus connected to the effluent gas outlet; and an oil

washing apparatus interposed between the effluent gas outlet and the

pumping apparatus, the oil washing apparatus comprising: a spray column
having an inlet connected to receive effluent gas from the effluent gas outlet

and enable the effluent gas to flow along the column; and means for injecting

washing oil into the spray column.

12. An installation according to claim 11, wherein the spray column is a

venturi column.

13. An installation according to claim 11 or 12, wherein the washing apparatus
includes an oil recirculation tank having: an inlet connected to the spray
column; an oil outlet connected to the means for injecting oil into the column
so as to cause the oil to circulate continuously between the recirculation tank,
the oil injection means, and the spray column; and an outlet for washed gas

connected to the pumping apparatus.
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14. An installation according to claim 13, wherein the washing apparatus
includes a heat exchanger placed on the path of the effluent gas downstream
from the spray column, and means for feeding the heat exchanger with a

cooling fluid.

15. An installation according to claim 13 or 14, including a heat exchanger
interposed on the path of the oil between the recirculation tank and the spray

column, and means for feeding the heat exchanger with a cooling fluid.

16. An installation according to any one of claims 11 to 15, wherein the
pumping apparatus comprises at least one steam ejector-condenser of the

indirect condenser type.

17. An installation according to claim 16, including means for activated carbon

treatment connected to a condensate outiet from the ejector-condenser.

18. An installation according to any one of claims 11 to 17, wherein the
pumping apparatus comprises at least one steam ejector-condenser of the
indirect condenser type.

19. An installation according to claim 18, including a stripping tower

connected to a condensate outlet from the ejector-condenser.

20. An installation according to any one of claims 16 to 19, including a boiler
for producing steam for the ejector-condenser, the boiler having fuel gas feed

means connected to a gas outlet from the ejector-condenser.

21. A method of treating effluent gas containing hydrocarbons, the method
including the steps of: washing the effluent gas by spraying aromatic type oil,
trapping polycyclic aromatic compounds with the washing oil, passing the

treated gas through a pumping apparatus to create an effluent gas stream,
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and continuously recirculating the washing oil with accumulated polycyclic
aromatic compounds trapped therein between a recirculation tank collecting

oll loaded with polycyclic aromatic compounds and at least one nozzle for
spraying oil into the effluent gas stream.

22. A method according to claim 21, further comprising the step of cooling the

washing oil on its path between the recirculation tank and the at least one
hozzle.

23. A method according to claim 21 or 22, wherein the aromatic oil has a
vapor pressure of less than 100 Pa at 0°C.

24. A method according to claim 21 or 22, wherein the aromatic oil is based
on xylenes.

25. A method for chemical vapor deposition or infiltration of pyrolytic carbon,
the method comprising the steps of: admitting a reagent gas containing at
least one carbon precursor into an oven,; extracting low pressure effluent gas
containing polycyciic aromatic compounds out of the oven; and washing the

effluent gas by spraying aromatic type oil into a stream of effluent gas
extracted from the oven.

26. A method as claimed in claim 25, wherein the washing oil is an aromatic
type oil having a vapor pressure of less than 100 Pa at 0°C.

27. A method as claimed in claim 25, wherein said aromatic type oil is based
on Xylenes.

28. A method as claimed in any one of claims 25 to 27, wherein said washing

step is carried out by spraying the washing oil into a stream of effluent gas
traveling along a venturi column.
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29. A method as claimed in any one of claims 25 to 28, further comprising the
step of continuously recirculating the washing oil with accumulated polycyclic
aromatic compounds trapped therein between a recirculation tank collecting
oil loaded with polycyclic aromatic compounds and at least one nozzle for

spraying oil into the effluent gas stream.
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