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Method and device for filling a distribution line

with corrosive gas.

The subject of the present invention is a
method and a device for filling a distribution line
with corrosive gas. The subject of this invention is
more specifically a method and its associated device
for filling with gas, with passivation, a line for
distributing corrosive gas; the said 1line being
intended to distribute the said corrosive gas to a
system located immediately downstream of this line and
the said corrosive gas being capable of passivating it.

The technical problem of obtaining good
pagssivation of such corrosive-gas distribution lines
with a view to, on the one hand, obtaining effective
protection against corrosion of the said lines and of
the said system supplied with the said gases by the
said lines and, on the other hand, distribution of
ultra-pure corrosive gases, is kxnown to those skilled
in the art.

To date, no truly satisfactory solutions to the
sald technical problem have been proposed {in
particular, there are still problems with corrosion in
the 1line and in the downstream equipment); the
operation of filling with gas conventionally being
performed in the following successive steps:

- a first step of conditioning the line: this
first step comprises at least one purge and a leak
test. It generally comprises successive sequences of
purging using one and the same inert gas, one and the
same mixture of inert gas or several gases or mixtures

of inert gases so as:

-~ to eliminate impurities, ©particularly
water, adsorbed onto the interior wall of the line {the
said water accelerating corrosion in the ﬁresence of
corrosive gas);

- to check the tightness and integrity of the
said line wusing conventional methods known to those
skilled in the art;
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- and possibly, to analytically monitor the
integrity parameters of the said 1line, such as the
hygrometry, the oxygen content, the number of particles
carried by the purge gas and supplied by the said line
{the said purging gas obviously being clean and “free”
of water, oxygen and particles).

On completion of this conditioning of the said
line, the inert gas ({(or mixture of inert gases)
contained therein is or are removed (purged). The said
inert gas (or mixture of inert gases) is or are
generally pumped, to remove 1it, wvia the equipment
located at the end of the line;

~ a second step of filling the said line with
active gas: the 1line is filled with the active
(corrosive) gas. The said gas is thus made available to
the equipment.

The amount of active gas introduced into the
said conditioned line for filling the said line with
gas (for the “first fill” of the said line with the
said active gas) is thereafter generally left in this
line and then, when the said line enters sexrvice,
delivered downstream into the equipment to supply the
said equipment with active gas. This amount of active
gas, although limited but not in any way negligible,
and in any event proportional to the length and square
of the diameter of the line concerned, may be referred
to as the priming, start-up, or “going live” quantity.

The Applicant should be given due merit for
having clearly established, in a way which was not
obvious, that this amount of active gas used for
filling the line-.with active gas, and more generally
the initial quantities of active gas delivered, were
liable to generate the corrosion problems mentioned
hereinabove and that this was true regardless of the
rigour with which the prior conditioning of the said
line was performed. Specifically, the Applicant has
clearly established (see Figure 2 appended to this
description) that the corrosive gas, in generating the
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passivation layer from the surface layer of oxides in
the said line during its “first passes” down the line,
also generates water, the said water making the said
gas more corrosive and being liable, on the one hand,
to detract from the formation of the said passivation
layer and, on the other hand, to adversely affect the
said passivation layer formed. Thus, regardless of the
rigour of the prior conditioning, with reference to the
hygrometry parameter, there is always the in situ
generation of water after the said conditioning. For
example, on the interior walls of a steel or iron pipe
there is 1inevitably contact between gaseous HCl
{corrosive gas) giving rise to the following chemical
reaction:

Fey0O3 + 6 HC1 — 2 FeCly + 3H,0.

Reactions of this type, known per se, were

. never alluded to within the particular context of the

£illing of distribution lines with corrosive gases. It
is to the Applicant‘s credit that the link has been
established.

In the context of the present invention, the
2Applicant therefore recommends limiting the harmful
effects of the water generated in situ during the
formation of the passivation layver as far as possible.
To this end, it recommends an original and particularly
effective (from the point of wview of the desired
passivation and the corrosion caused} method for
filling a distribution line with corrosive gas; the
said 1line being intended to distribute the said
corrosive gas to a system (generally an item of
equipment) located immediately downstream of the said
line. The components of the said system will be all the
more reliable (in other words, the risk of the system
malfunctiéning will be all the lower) if the
aggressiveness of the gas has been minimized, and if
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the presence of water within the said gas has been
minimized.

The said line supplies the said system with the
said gas directly. Its supplies the said gas to the
inlet of the said system. The whys and wherefores of
locating the system that is to be supplied with gas
immediately downstream of the line will be understood

from studying the considerations hereinabove about the
methods of conditioning, and from the description
hereinbelow of the method of the invention. In effect,
the issue is obviously not one of carefully preparing a
line *“far” upstream of the system that is to be
supplied so as to then use the said prepared line and
an extension thereof or some other line, which has not
been prepared, immediately upstream of the said system
for supplying this system. The problems mentioned
hereinabove would inevitably be encountered in the
unprepared part, and this would, Jjust as inevitably,
cancel the effects of the preparation in the portion
“far” upstream.

The method of the invention is thus generally
performed on the entire active-gas distribution system.
It may, however, obviously be performed only on part of
this system, in instances where a new line or an
extension of a line is or are added to a network, the
upstream part of which has already been “treated”.
within the meaning of the inventiomn.

The method of the invention comprises, in
succession, the conventional steps of the method of the
prior art, namely:

- prior conditioning of the said line
(conditioning as described in the introduction of the
present description, on completion of which the said
line ig dry, clean and empty of any gas.) ;

- the actual filling of the said line with the
said corrosive gas known as an active gés.

It 1is characterized by an original way of
performing the second of the said steps. Specifically,
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according to the invention, the said actuai filling
with gas comprises:

~ at least one cycle of filling the said line
with active gas as far as immediately upstream of the
system and of removing the said active gas thus
introduced into the said line; the said removal being
performed without the said active gas passing through
the said system;

- followed by the final £illing of the said
line with gas so as to make the said gas available to
the said system.

Thus, characteristically, according to the
method of the invention, the first quantity
(quantities) of active gas introduced into the said
line (at least the said first quantity, referred to
hereinabove as the start-up or priming quantity) is
(are) removed from the said 1line without Dbeing
delivered downstream into the system. The said system
is thus spared from any contact, or any reaction with
the said water-laden first quantity (guantities) of
gas, which has (have) thus become more corrosive.

According to the invention, the active gas
introduced during the filling with active gas of a line
supplying a system is not delivered into the said
system (which would be in accordance with the teachings
of the prior art) but is removed upstream thereof. The
intervention of the said active gas 1is thus optimized
with respect to the passivating of the said line, while
at the same time sparing the said system from the said
active gas which has become wet, and therefore more
aggressive, and at the same time therefore sparing the
said system from the corrosion for which the said wet
active gas would inevitably be responsible if it were
to pass through the said system, if it were removed
downstream. The said system benefits greatly from this
in terms of reliability. It is thus spared from:

- “direct* corrosion from the said wet active gas,
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- any damage liable to be caused by the metal particles
resulting from the degradation, by corrosion, of the
interior walls of the line.

In the same way, the method performed within
the said system {(method which uses the active gas) is
spared from any contamination from water and the said
metal particles.

- Characteristically, according to the method of
the invention, the first quantity (quantities) of
active gas delivered (contaminated by the water
generated in situ) is (are) not delivered to the system
that is to be supplied.

The implementation of the method of the
invention and the optimization thereof is within the
competence of the person skilled in the art. Obviously,
it is necessary, in addition to the means necessary for
filling with gas in the conventional way, to provide
means (for example a pump) for removing the active gas
introduced, upstream of the system. This is described
in greater detail in this text.

The person skilled in the art will actually
know how to manage the number of cycles of introducing
and removing active gas {obviously at least one cycle)
and the duration of each of these cycles so as to
optimize the desired result (in terms of passivation of
the line and reduction of corrosion in the said line
and the system downstream).

The following specifics are non-limiting. The
first cycle  {only cycle or first of at least two
cycles) can be performed quickly, in so as far as the
oxides directly in contact with the corrosive gas xreact
gquickly: thus, the active gas may be introduced into
the line in question and pumped back out of it almost
immédiately (in under 10 minutes, generally after 1 to
a few minutes). For the next cycle or cycles, it is
sendible to leave the active gas in the line ¥or a
little longer: it needs to have time to diffuse in
order to generate “deep” passivation. Such “deep”
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passivation is generally likely to be achieved, in any
event, in under 24 hours.

According to one particularly advantageous
implementation of the method of the invention, the
actual filling with gas (filling with active gas)
comprises n successive c¢ycles, n being a whole number
greater than 1, of filling with active gas and of
removing the said active gas, performed with monitoring
of the water content of the said removed active gas;
the final filling with gas being performed at the end
of the n™ cycle (first cycle}, during which there has
been no generation of water. Logically, the term “final
filling with gas” is understood here to mean the
filling with active gas at the end of which the active
gas in question is delivered to the system downstream
of the line. At the end of these n cycles, all the
water likely to be generated has been generated and
removed (without contact with the said system).

In any event, the performing of a single cycle
within the meaning of the invention is advantageous. In
general, in the context of the method according to the
invention, at least two cycles are performed in
succession. Advantageously, as specified hereinabove, n
cycles are performed in succession, with the amount of
water generated being monitored. Such monitoring may be
based on various analytical methods. The method
selected must obviously be compatible with the wet
corrosive gas involved and advantageously allow
analyses to be pexrformed in short times.
Advantageously, technigques for measuring H;0 by
infrared absorption spectroscopy are used.

The context of the method of the invention will
now be explained in somewhat greéter detail.

As mentioned earlier, the active gas in
question is a corrosive gas. It may, in particular, be
a gas chosen from F,, Cl,, Br,, }IF, HCl, HBr, HI, CIF;
and gaseous mixtures containing at least one of these
gases. In any event, this list is not exhaustive._ The
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method of the invention is advantageously employved on a
line supplying a unit for the industrial manufacture of
semiconductors with one of the gases listed
hereinabove, particularly with HCl, HF or HBr.

The method of the invention is also implemented
for £illing with gas, with passivation, any line for
distributing a corrosive gas, the line being intended
to distribute the said corrosive gas to a system
located immediately downstream of the said line (system
using the said gas or intermediate system). A
distribution 1line such as this is 1liable, in
particular, to connect:

a) a gas cabinet or GC {(to use the term of the
art) directly to a system consisting of an item of
equipment that is to be supplied with the said gas, or
of the equipment item using the said gas. A cabinet
such as this may contain within its structure a device
{(valve manifold box or VMB, see next paragraph) that

.allows it to supply several lines in parallel;

b) a gas cabinet (or GC) to a system consisting
of a valve manifold box or VMB (to use another term of
the art}:

c) a wvalve manifold box {(or VMB) to a system
consisting of the equipment item that is to be supplied
with the said gas, as the equipment item using the said
gas.

The method of the invention may thus be
implemented in wvarious contexts and, in particular, on
a line of type b above then on a line of type ¢ above,
to deliver the said gas respectively from the gas
cabinet (GC) to the valve manifold box (VMB) and then
from the said wvalve manifold box (VMB) to the
equipment. .

Whatever the context in which it is performed,
the said method optimizes the passivation of the
distribution line, with the first quantities of gas
delivered; these not being distributed to the system
but being removed upstream of the said system, thus



10

15

20

25

30

35

-9 -

sparing it from corrosion. When such a method has been
performed, the said distribution line is capable of
delivering an ultra-pure corrosive gas, without
contaminating it.

According to another of its subjects, the
present invention relates to a device that can be used
in implementing the method (constituting the first of
the said subjects) described hereinabove. The said
device 1is suitable for £illing with gas, with
passivation, a line for distributing corrosive gas or
active gas, which line is intended to distribute the
said corrosive gas to a system located immediately
downstream of the said line. In the conventional way,
it comprises:

- mounted on the said line, a first shut-off
valve for supplying the said line with the said gas and
a second shut-off wvalve for supplying the said system
with the said gas (the said first shut-off valve is at
the inlet to the said line, whereas the second shut-off
valve is at the outlet from this line);

- associated with the said line, means for
filling it with inert gas and for removing the said
inert gas used from this line (the said means allowing
the line to be purged and qualified before it is filled
with active gas).

Characteristically, it further comprises:

- means for purging the said line of the said
active gas, introduced between the said £irst and
second shut-off wvalves; the said meéns allowing the
said@ purge to be performed without the said purged
active gas passing through the said system.

Said means must allow the first quantities of
active gas introduced (at least the first quantity of
gas introduced) into the line to be removed, removal
being from upstream of the system, from upstream of the
second shut-off walwve that isolates the said system.
The said means may in particular comprise a vwvalve
mounted on the said line and connected to pumping
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means; the said pumping means being capable of purging
the said line of the active gas introduced into it,
such purging obviously being performed with the first
and second shut-off valves closed. Incidentally, it
will be noted that the said means for purging active
gas can be used, prior to the filling with active gas,
for the operation of filling the line with inert gas
(for removing the said inert gas from the said line).

Advantageously, the device of the invention
comprises, mounted on the 1line concerned, a four-way
valve connected to the inert gas supply and to the
purging means, which are indispensable in purging the
first gquantities of active gas introduced into the said
line. The said four-way valve is used in two successive
first positions, for the prior filling of the line with
inert gas for purging and qualification purposes and,
in two other successive positions, for each cycle of
filling the line with active gas and of removing the
said active gas. Such four-way valves thus suited to
advantageous implementation of the method of the
invention have, in particular, been described by the
Applicant in patent application EP-A-0,814,298.

It was seen elsewhere that the method of the
invention advantageously comprises n successive cycles
of filling the line with active gas and removing the
said active gas, performed with the water content of
removed active gas being monitored. To implement this
advantageous alternative form of the said method, the
device specified hereinabove therefore advantageously
also comprises means for measuring the water content of
the purged active gas. When this water content is
deemed to be acceptable, or advantageously when it is
equal to the water content ‘of the active gas entering
the line, correct or even oﬁatimum passivation has been
achieved. The distribution line can therefore be filled
with gas for use, to deliveﬁ active gas to the system,
the first and second shut-off valves being opened. The
person skilled in the art is capable of selecting an
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effective means of measuring the said water content of
the purged active gas and of incorporating the said
means into the line for removing the said purged active
gas.

The invention, in terms of its two aspects,
method and device, will now be described with reference
to the appended figures.

Pigure 1 diagrammatically depicts a typical
installation for the distribution of corrosive gas
according to the prior art.

Figure 2 illustrates the phenomenon clearly
identified by the Applicant, responsible for the
problems of the prior art: that of the in-situ
generation of water when a metal line is filled with
active gas {generation at t=4 min).

Figure 3 diagrammatically depicts the
installation of the prior art, according to Figure 1,
as modified according to a first alternative form so as
to implement the method of the invention between a
valve manifold box and an item of equipment.

Figure 4 diagrammatically depicts the
installation of the prior art, according to Figure 1,
as modified according to another, preferred,
alternative form for implementing the method of the
invention, between a valve manifold box and an item of
equipment.

Figures 1, 3 and 4 diagrammatically depict one
context for the filling with gas of a distribution line
20, the said Iine 20 connecting a wvalve manifold box
(VMB) 2 to any item of equipment 3.

The said valve manifold box 2 is capable of
supplying four lines. It is itself supplied with the
corrosive gas that is to be distributed, from the gas
cabinet (GC) 1 via the line 20’.

This text confines itself to discussing the
prior art and describing the invention, with reference
to the £filling of the said 1line 20 with active
{(corrosive} gas. It now disregards the problem of
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filling with active gas the line 20’ that connects the
said gas cabinet 1 to the said valve manifold box 2.
The said problem is the same and may, in the same way,
be solved by implementing the invention.

According to the prior art (Figure 1), the line
20 is conditioned beforehand. For reasons of
simplification, merely the use of nitrogen has been
depicted. The said nitrogen is introduced into the said
line 20 wvia the wvalve 6; the shut-off wvalves (fully
open or fully closed valves) 4 and 5 obviously being
closed. During the said conditioning and on completion
thereof, the said nitrogen is delivered to the system 3
via the open shut-off valve 5.

To actually £fill the line 20 with gas, the
shut-off wvalve 4 is opened, the shut-off wvalve 5 and
the valve 6 obviously being closed.

At the end of this filling with active gas,
according to the prior art, the active gas can be
delivered as desired to the system 3 (from the gas
cabinet 1 via the valve manifold box 2), the valves 4
and 5 being open. All of the active gas introduced into
the line 20 is thus delivered to the said system 3.

The method of the prior art, described with
reference to the said Figure 1, has been implemented in
particular, by the inventors, for the filling with
active gas (HCl) of a gas line (made of stainless
steel) 4 m long with an inside diameter of 4 mm. The
said line had been perfectly dried beforehand using
nitrogen.

The inventors monitored the water content of
the active gas delivered by the said line and clearly
demonstrated, in Figure 2, the generation of water in a
perfectly dry pipe through which a stream of HCL
flowed.

According to the prior art, the said water is
delivered to the system 3. According to the invention,
it is removed without contacting the said system 3.
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According to the first alternative form of the
invention, illustrated in Figure 3, the 1line 20
comprises the means necessary for filling it with inert
gas beforehand and supplyving it with active gas: the
valves 6 (for supplying nitrogen), the shut-off valve 4
{for the supply of active gas), the shut-off valve 5
(for opening and <closing the said 1line 20).
Characteristically, there is also a valve 7 associated
with appropriate means (particularly a pumping system
P}; the said valve 7 (known as the pumping valve} and
the said means allowing the said line 20 to be purged
(without delivering into the system 3, the valve 5
being closed). To fill the said line 20 with insert gas

" beforehand, the procedure is as described hereinabove

with reference to Figure 1. The inert gas may finally
be removed via the valve 5 into the system 3 or via the
pumping wvalve 7. To actually £ill with gas, the
following cycle:

- of filling the said line 20 with active gas,
the valve 4 being open and the valve 5 being closed;

- of removing the said active gas via the valve
7, the valves 4 and 5 being closed,
is performed at least once.

At the end of a single cycle of several cycles
of this type, the said line 20 is finally £illed with
active gas, it being possible for the said active gas
then to be delivered wvia the valve 5 to the system 3.

According to the second alternative form of the
invention, illustrated in Figure 4, the 1line 20
comprises:

-~ a first shut-off valve 4 for supplying the
said line 20 with active gas;

- a second shut-off valve 5 for supplying the
system 3. .

The valve 6’ mounted on the nitrogen supply
line is used for filling with inert gas beforehand.

Characteristically, to implement this preferred
alternative form of the method of the invention, there
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is also a four-way valve 10 and other on-or-off valves
8, 9 and 9 and an absorption column 11. For the
conditioning operations, the valves 6‘, 8 and 10 are
open, while the valves 4, 5 and 9 are closed. At the
end of the said operations, the nitrogen is removed to
the system 3, the valve 5 being open and the valve 6’
being closed.

To actually fill with gas, the said valve 5 is
closed and the valve 4 is opened, the valve 8 remaining
open, and the valve 10 allowing communication between
the valve 4 and the valve 8, The line 20 is thus filled
with active gas which, in passivating it, becomes laden
with water. The said line 20 then needs to be emptied
of the active gas thus contaminated with the said
water. For this purpose, the valve 4 is closed again,
and the valves 9 and 9’ are opened and the valve 10 is
in a position such that it allows the wvalves 4 and 9
and the valves 8 and 9 to communicate. The active gas
pumped, by a pumping system P located downstream of the
valve 9’, 1is neutralized on the absorption column 11.
It is thus incapable of Jdamaging the said pumping
system P.

An analyzer A for measuring the hygrometry of
the said gas has been provided upstream of the said
column 11,

A number of successive gas-filling cycles
{cycles of filling and draining via the column 11) can
thus be performed, with monitoring of the hygrometry of
the drained active gas. When the water content of the
said drained gas is equal to the water content of the
gas introduced, it 1is possible to be sure of total
effective passivation of the line 20. The line can then
be filled one last time, discontinuously, to then
deliver the active gas to the system 3. '
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CLAIMS

1. Method for f£illing with gas, with passivation,
a line (20) for distributing corrosive gas, which line
is intended to distribute the said corrosive gas to a
system {3) located immediately downstream of the said
line (20}; the said method comprising: '

- prior conditioning of the said line (20);

- the actual filling of the said line (20) with
the said corrosive gas known as an active gas;
characterized in that the said actual filling with gas
comprises:

- at least one cycle of filling the said line
{20) with active gas as far as immediately upstream of
the system (3) and of removing the said active gas thus
introduced into the said line (20); the said removal
being performed without the said active gas passing
through the said system (3);

~ followed by the final filling of the said
line (20) with gas so as to make the said gas available
to the said system (3).

2. Method according to Claim 1, characterized in
that the said actual £filling with gas comprises n
successive cycles, n being a whole number greater than
1, of filling with active gas and of removing the said
active gas, performed with monitoring of the water
content of the said removed active gas; the £final
filling with gas being performed at the end of the n™
cycle, during which there has been no generation of
water.

3. Method according to one of Claims 1 and 2,
characterized in that the said corrosive gas is chosen
from F,, Cl,, Br;, HF, HCl, HBr, HI, CIF; and gaseous
mixtures containing at least one of these gases.

4. Method according to any one of Claims 1 to 3,
characterized in that it is employed for filling with
gas a distribution line connecting a gas cabinet (1) to
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the said system which consists of an item of equipment
to be supplied with the said gas.

5. Method according to any one of Claims 1 to 3,
characterized in that it is employed for filling with
gas a distribution line (20’) connecting a gas cabinet
{1) to the said system consisting of a wvalve manifold
box (2) and/or for £filling with gas a distribution line
{20) connecting a wvalve manifold box (2) to the said
system which consists of an item of equipment (3) to be
supplied with the said gas.

6. Device suitable for £illing with gas, with
passivation, a line (20) for the distribution of
corrosive gas or active gas, the said line being
intended to distribute the said corrosive gas to a
system (3) located immediately downstream of the said
line {20); the said device comprising:

- mounted on the said line (20), a first
shut-off wvalve {(4) £for supplying the said line (20}
with the said gas and a second shut-off wvalve (5) for
supplying the said system {(3) with the said gas;

- associated with the said line (20), means (6)
for filling it with inert gas and for removing the said
inert gas used from this line;
characterized in that it further comprises:

- means (P) for purging the said line (20) of
the said active gas, introduced between the said first
(4) and second (5) shut-off valves; the said means (P)
allowing the said purge to be performed without the
said purged active gas passing through the said system
(3).

7. . Device according to Claim 6, characterized in
that it comprises a four-way valve (10) mounted on the
said line (20} and connected to the inert gas supply
and to the purge means (P).

8. Device according to one of Claims 6 and 7,
characterized in that it further comprises means ({A)
for measuring the water content of the purged active
gas.



