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atmospheres is most commonly of cryogenic origin. Its
purity is then excellent (such a nitrogen typically

15 contains less than 5 ppm of residual oxygen and less
than 5 ppm of residual water vapor, corresponding to a
dew point lower than -65°C) and is suitable in practice
for virtually all the types of heat treatment.

In recent years there has been a considerable

20 ‘development in the production of nitrogen by means such
as membranes (the expression "membrane module" is also
frequently employed) or a preferential adsorption
module, in both cases frequently called "means on site"
or "onsite", supplementing the conventional production

25 by a cryogenic route, because these means of on-site
production present the following advantages:

- an excellent safety of supply;
- low production costs;
- the possibility of supplying, at very

30 attractive costs and depending on the applications
considered, nitrogens of adapted purity, often referred
to as "impure mnitrogens", insofar as the residual
oxygen concentration in these nitrogens can vary from a
few thousand ppm to a few per cent.

35 Nevertheless, if the example of nitrogen
produced by permeation is considered, its lower cost is
linked with an oxygen and water vapor purity that is
appreciably less good than that obtained by a cryogenic
route (typically 0.5 % to 5 % of residual oxygen and
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sensitive to S&&Qp@ pﬁﬁéenﬁﬁfi9§ e&fe’the nitrogen produced to the
specification of each user site: such and such metal in
question considered to be not readily oxidizable being
15 less sensitive to the presence of oxidizing species in
the atmosphere, whereas some other metal being treated
will be more sensitive to such a presence; or else,
such and such appearance of the metal surface which is
being sought after will require an atmosphere of lower
20 oxidizing power than in the case of another surface
appearance which 1is being sought after. It would
therefore be possible to distinguish the following two
cases:

- cases where the specification of the user site

25 is compatible with the presence of oxygen (for example
higher than 0.5 %) in the treatment atmosphere. It must
be s=said, however, that such a specification is rarely
encountered in practice. Nevertheless, it 1is possible
to mention in this category the case of the annealing

30 of pig irons with a certain tolerance of decarburizing
to approximately 0.3 mm;

- the case where the specification of the user
site is not compatible with the presence of free oxygen
in the treatment atmosphere, these cases representing

35 the huge majority of the heat treatments in industrial
practice. It is then absolutely necessary to lower the
residual oxygen content in the treatment atmosphere to
less than 20 ppm.

From this it is thefefore concluded that the
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The nethods enwis3ged, | @ Hdt 4ALU €ch8 fdPdseveral other gaseous
species which will act as oxygen-scavengers (also
referred to in most cases as a "getter"), by virtue of

15 their reducing properties.

These are, for example, Hs, Co, SiHyg,
hydrocarbons CxHy or else methanol CH30H (which itself
first decomposes to CO and Hjp).

The "getter" will then react inside the heat

20 vessel, at temperature, with the free oxygen to be
removed, to form, depending on the case, water vapor,
CO, hydrogen, CO; or a number of these components.

These processes for in-situ deoxygenation are

known and form the subject of an abundant literature;

25 nevertheless, they exhibit the following disadvantages:

- such a thermal decomposition in situ is to a

large extent a function of the temperature of the

treatment vessel. Consequently, if the treatment

temperature is too low or else if the mixture of

30 nitrogen + oxygen + "getter" is injected into too cold

a part of the heat vessel, the deoxygenation reaction

will be incomplete, allowing residual oxygen to come
into contact with the articles to be treated;

- according to these processes the quantity of

35 residual oxygen initially present in the noncryogenic

nitrogen to be purified is generally and deliberately

kept lower than 0.5 % or else 1 % by volume, this being

in order to make it certain that a virtually complete

deoxygenation (lower than 20 ppm O3) will take place
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hardening of carbon steels employing nitrogen/methanol
atmospheres, where the creation of oxidizing species
CO5 and Hy0 is to a large extent compensated by the
presence of the reducing species Hy and CO and by the

20 possible presencé of control by additions of
hydrocarbon(s) .

The second category of methods, known as ex
situ, uses a premix of impure nitrogen (which can in
this case easily contain more than 0.5 % of residual

25 oxygen) with the getter, the mixture reacting in a
catalytic deoxygenation reactor placed outside the heat
treatment vessel.

The key point of these methods is therefore
that the deoxygenation reaction takes place before the

30 introduction of the gaseous mixture into the heat
treatment vessel and therefore before the atmosphere

comes into contact with the metal components to be

treated.
The oxygen/getter combination is not
35 sgpontaneous in this case; it 1is performed on a
catalyst, typically palladium/alumina or else
platinum/alumina.

The nitrogen leaving the deoxygenation reactor
is then substantially devoid of residual oxygen (less
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gaseous m xture intoItthes heate that in this precise case of a
hydrogen getter, where water vapor is formed in the gas

15 produced, it is possible to perform a subsequent
purification of this gas, based on adsorption on
molecular sieve. These processes of catalytic
deoxygenation followed by purification by adsorption
are commonly listed in the literature under the name of

20 "deoxo". They make it possible to obtain nitrogen whose
purity is wvery close to that produced by a cryogenic
route, typically O3 lower than 10 ppm, H;0 lower than
10 ppm (dew point lower than -60°C) and, where
appropriate, a very light residue of hydrogen.

25 The nitrogen produced by such a system is
therefore of a very high quality which is suitable, of
course, for all the types of heat treatments practiced
in industry, but which is obtained at the price of a
piece of —relatively complex and <costly ‘"deoxo"

30 equipment. This cost aspect is to a large extent linked
with the need to employ a part of the nitrogen produced
by the device for'regenerating the adsorbent (between
15 and 30 % of the nitrogen produced) .

Still in this category of deoxygenation ex

35 situ, the Applicant Company had proposed, in document
EP-A-482,992, the use of a reaction of impure nitrogen
+ hydrocarbon in a platinum catalyst reactor with
external heat input.

Such a process gives rise to a very low
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purificationl%&éggﬁg qugaking it possible to control the Hy/H30 and
CO/CO, ratios and therefore the oxidizing or reducing
potential of each atmosphere.

15 Such a process still represents a certain
complexity of implementation (need for an external heat
input, reaction at relatively high temperature), which
makes it relatively inappropriate in the case where low
flow rates (of only a few tens of m3/h) need to be

20 installed.

From these comments it can therefore be
concluded that ex-situ deoxygenation processes exhibit
undoubted advantages: deoxygenation reaction
temperature which is easily controllable independently

25 of the temperature of the heat vessel, or else the fact
that the quantity of residual oxygen present initially
in the impure nitrogen to be treated does not.
constitute a limitation, insofar as the reaction is
complete before the atmosphere comes into contact with

30 the articles. The deoxygenation action thus conducted
undoubtedly gives rise to the formation of oxidizing
species such as Hy0 and CO;, but it is then possible to
perform an after-purification before the atmosphere
reaches the heat treatment vessel, even if this

35 purification turns out to be very costly in practice.

In this context the objective of the present
invention is to propose an improved process for
producing nitrogen by a noncryogenic route, using a
stage of deoxygenatioh of this nitrogen and of
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' deoxygenated by a catalytic route), where the stage of
purification from water vapor was performed by
condensation (exchange of the gas with a cold £fluid
15 resulting in the condensation of the water vapor
present in the gas, followed by a stage of purification
of the liquid phase thus created by passing through a
refrigeration unit or else through a membrane). This
document mentioned the possibility of working at
20 pressure, both with regard to the catalytic reactor and
during the purification stage.
The work which the Applicant Company has
continued on this subject has demonstrated that it is
"necessary to perfect the idea developed in this
25 document, of an operation under pressure, to propose a
process for generating nitroéen by a noncryogenic route
offering an answer to the abovementioned technical
problems of flexibility and adaptability to the
specification in question, of excellent
30 cost/performance compromise, or of simplicity in use,
by the combined application of the following measures:

- using water vapor extraction stages based on
condensation and carrying out both the actual catalytic
reaction and the stages of purification from water

35 vapor under significant pressure (preferably above
5 x105 Pa);

- bearing in mind these pressure conditions,
feeding impure nitrogen at the point where the reaction
mixture of impure nitrogen/reducing gas (hydrogen or
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of 15 stage (to obtain an output gas at a utilization
pressure close to atmospheric pressure) is performed
only downstream of this buffer capacity or of the
purification stage in question.

In fact, as expounded further in the context of

20 examples, the work under pressure (if possible combined
with the use of a sufficiently low temperature, for
example 3°C, for the condensation) enables the yield of
the stage of purification from water wvapor to be
appreciably increased and controlled, and also the

25 working volume of catalyst to be decreased.

It therefore appears important to take
advantage of the pressure available at the exit of the
generator of impure nitrogen (a pressure reserve which
is not wvery high), but also, and above all, to avoid

30 any pressure drop in the plant.

Such a limitaﬁion of the pressure drops in the
plant (and therefore of the presence in the line of
means which could cause pressure drops) appears
relatively 'incompatible with two characteristics of

35 such deoxygenation processes:

- on the one hand, it 1is necessary to control
accurately the ratio of oxygen/hydrogen or else
oxygen/hydrocarbon concentrations in the mixture

reacting in the reactor (to avoid the untimely presence
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to considerably limit the pressure drops in the plant

15 while being compatible with the operating conditions
referred to above, giving rise, in extremely favorable
cost conditions, to an excellent water vapor extraction
efficiency, an efficiency which can be adapted
according to the operating conditions practiced, to

20 remain as close as possible to the real specifications
of the user's specification, thus giving rise to the
production of a nitrogen almost completely devoid of
oxygen (lower than 20 ppm by volume) and relatively
devoid of water vapor (depending on the conditions

25 practiced: less than 1000 ppm of residual water vapor,
corresponding to a dew poinﬁ lower than -20°C or else,
if necessary, less than 700 ppm of residual water
vapor, corresponding to a dew point lower than -25°C if
the treatment conditions so demand).

30 The process for generating a nitrogen-based gas
according to the invention therefore comprises the
following stages:

- a hitrogen primary gas which includes a
residual oxygen content is produced in an air separator

35 by adsorption or permeation;

- this primary gas is directed along a main
conduit towards a catalytic deoxygenation reactor;
- a secondary gas including at least one of the

reducing gases from the group consisting of hydrogen



by the conbined application of the follow ng neasures: - using

wat er vapor extraction stages based on condensati on and carryi ng out
both the actual catalytic reaction and the stages of purification from
wat €r 35* vapor under significant prgs;grg (preferably above 5 x
10[err] Pa); - bearing in mnd these pressure conditions,

feedi ng i npur eandt hygeocarkdns pos eddedr tot vher agitnagy gas fpefore &t
~inpure nitrogepLLefde Reed a&Qﬁnggen or
e

- 8- hydr ocarbon) is_produc according to apn uncontrqll ed
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:t he cat al yt I C reactor,; - , € gas Jhen I €l ng under ressure,
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buf fer capacityar@iyehse apefatofnd dd udijng thgrstage out Of KRUri Eheation
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-{questlon. of the liquid phase induced in the reaction gas as a
result of the cooling stage, to obtain a purified
reaction gas;

15 and is characterized by the combined
application of the following measures: _

- the reaction and the cooling and extraction
stages are carried out at pressure;
- the point of the main conduit where the

20 addition of secondary gas is performed is fed with
primary gas according to an uncontrolled all-or-nothing
method.

An "uncontrolled all-or-nothing" method
according to the invention is wunderstood to mean a

25 method where the point of the main conduit where the
addition is performed is fed with primary gas in a
binary manner: 0 m3/h when it is not fed, X m3/h when
the point receives primary gas, X denoting the nominal
flow rate of the separator, the part of main conduit

30 situated upstream of this point and downstream of the
separator being devoid of any flow control device.

A flow "control" device is to be understood
according to the invention to be any instrument which
limits (for example a throttling wvalve, a calibrated

35 orifice etc.) or regulates a gas flow (for example a
proportional valve, a mass flow regulator etc.).

The operation under pressure according to the
invention is therefore to be understood as being at a
pressure that 1is higher than atmospheric pressure;



In fact, as expounded further in the context of 20 exanples, the work under

pressure (if possible conbined with the use of a sufficiently |ow
tenperature, for exanple 3[err]C, for the condensation) enables the
yiel'd of * the stage of purification fromwater vapor to be

appreci ably increased and controlled, and also the 25 morking,volune of
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i npur e ni th%g ume, JENG aPB?E?rFPigfhe&‘f’eﬁqrﬁl 35

- rat 8™n succdssl ve
-stages 5 of ssibppmgee pPefefrably, hbetgeear at&r andt @pfed) and of

- production (nom nal flﬂgcgffl&?né n@éh’orggn%’@t (Erhe' Nembodiments of the
invention the purified reaction gas obtained at the
exit of the purification stage is directed to and

15 stored in a buffer capacity from which it is withdrawn
depending on the requirements of the final wuser
station. This gas is then advantageously expanded (in
one or more operations) to a pressure Pr of use of the
gas by the user station (for example a furnace). This

20 pressure Pg will therefore generally be close to
atmospheric pressure (which according to the invention
is to be understood. as a pressure Pgf lying in the
region between approximately 1 x 105 Pa and 2 x 105 Pa
absolute). It will therefore be noted that in this

25 configuration the gas line is at pressure as far as and
including the buffer capacity.

According to another embodiment of the
invention a buffer capacity is arranged upstream of the
catalytic reactor but downstream of the point, already

30 mentioned, of the main conduit where the addition of
secondary gas is performed. The expansion stage will
therefore be performed in this case directly on leaving
the purification stage. It will therefore be noted that
in this configuration the gas line is at pressure up to

35 and including the purification stage.

As already stated, the process according to the
invention is based on the use of a significant pressure
throughout an upstream part of the process and on the

achievement of a minimum pressure drop between the



service) whereas, on the other hand, the user station at any end of the

line wil'l be just as capabl e of operating continuously as of varying
its flowrate in 10 this range O-X nferr]/h, potentially entailing a
vari'ati oh in the reaction conditions ¢4 the catalytic reactor.

The succession of stages in the process according to_the invention

makes it possiuPatyrami sepyce ofi gasomidikd| Pointi Lnt flepAdney oK ps in

the plant 15 whid epbel AOcSOIDRt EPAGe MEhpbPeopREqat i Ng conditions
referred to above, giving rise, in eﬁ)%reggléfavo abl e cost conditions,
to an excel l ent water VApbPi8xeRGcititeh 2dd1iEen PELEFCONGATY/Fa% | IS

which can beth@daptied condweor hn@rdesd heoopaioducey tladmixense of
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demand). 3§ inventigpe 4 océjstée]ﬁfroﬁeene 8ti KF a MMIFHIERCPasEF gt
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deoxygenati on 4 egciQhdary conduit éoﬁﬁﬁeﬂgaringﬁ%si@?éﬂ%éﬂhiﬁaﬂﬁﬁﬁﬁ Hne of
t he reduci ng gases _fromthe group consisting of hydrogen
15 source of secondary gas including the reducing gas and,

in its downstream part, to the main conduit.

With the same concern for avoiding the upstream
presence of any device capable of inducing a pressure
drop, it will be noted that the buffer capacity which

20 traditionally represents the "lung" of such processes
for producing nitrogen on site is preferably placed
cleverly downstream of the point where the addition is
performed, preferably downstream of the stage of
purification from water wvapor, or else between the

25 point of addition and the catalytic reaction. As
already mentioned above, it must be considered, in
fact, that the generators for producing impure nitrogen
(be it by permeation or adsorption) traditionally
operate in a stage-alternation regime: 0 m3/h

30 (generator stopped) or X m3/h (generator in service at
its nominal flow rate). However, on the other hand, the
user station at any line end operates continuously
(outside its stoppage periods) and can vary its flow
rate within this range.

35 A buffer capacity placed (as is traditionally
the case in such on-site nitrogen generators) just at
the exit of the air separator, is then accompanied by
means for measuring and controlling (regulating) the
flow rate of nitrogen injected into the mixture, so as



- 10 - and hydrocarbons is added to the primary gas before it

reaches the reactor; - the primary gas and the secondary gas are
reacted in the catalytlc reactor so as to obtain at the 5 reactor exit a
ni t rogen- based reaction gas which inglydes water vapor, - a
stage of purification fromall or part of the wat er .vapor present_in
the reaction &8 JMIHERER atcoRkinually athei cdepdgedor Preportic Qfiried
out by the ﬁb/ﬁlﬁidﬁfﬁlgas Ofwhedlead e@sé p2deesst ae&ﬁ:oﬁlngoebl fﬁhethe
reaction gas and t elﬁés]t one, stg}g c xtragiﬁeo uid
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 gas, X denoti sgmpie noeasakementf |afiv thiee nittbgesefdrad orateheimpartheof
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any means of regulation, and a feedback, from this flow
rate measurement, to the secondary route for reducing
15 gas, where, on the other hand, means for measuring and
regulating the flow rate of secondary gas would be
arranged.

This solution, while capable of being envisaged
from a conceptual viewpoint (since a simple means of

20 measurement could introduce a relatively acceptable
pressure drop compatible with operation at pressure),
is clearly less advantageous from the economic point of
view, owing to the regulation which it imposes, and
also owing to the necessary management of the safety

25 aspect to which it gives rise (especially in the
reduding gas route). -

The succession of stages of the process
according to thé invention offers a solution which
takes advantage of the fact that such separators can be

30 employed as "flow generators".

More ©precisely, both the proposed buffer
capacity configurations offer the advantage that the
gas flow which passes through the catalytic reactor is
of constant oxygen and reducing gas composition, (as

35 fixed by the operating parameters of the separator,
including its nominal flow rate, and by the fixed flow
rate of secondary gas arriving in the main conduit).

On the other hand, they differ on the following
points:



separ ator being devoid of any flow control device. A flow.
~"control" device is to be understood according to the invention to be
any instrument which limts (for exanple a throttling valve, a
~cali'bratéd 35 orifice etc.) or regulatesja gas flow (for exanple a

proportional valve, a nass ﬂIOM/reguIator etg. ). The operﬁtion
under pressure accordi Bt o 'yrRStrean h,EAPRGALYS  hEIRFGFe*Ro BF untRPst ood

as being at a reacBbepsur echifabuirathvaher rdkass at masphegoss iBBSSUreery

depen 10, o0,  BSyARPHabRHRRY o T PERLE, B4 Oion, w28, VRAELED
preferably in theoughge Ehex l@ptelytPa, reakior 10[iwsr] Fegadys (it
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preferably, Detven 01 %0 00 3 e o e LB e S o oL
invention the puagéi allceenationsges oheaseperatothe exit of the
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. station. This ghiows thke adufifiengecepigiexpandedo¢i mrranged opubside
operations) to(anpressuredyl ofiMs€iff A®ons, the catalytic reactor
and means employed for the extraction are preferably
placed inside), and this entails, on the one hand, a
15 sgignificant saving in space, and, above all, offers
advantages that are not insignificant in terms of
safety. In fact, the buffer capacity placed outside
makes it possible to avoid having a line carrying the
reducing gas (potentially very pure) running inside the
20 plant shop, especially near various electrical cabinets
forming part of the plant.

As will therefore be clearly apparent to a
person skilled in the art on sight of this description,
the position chosen for placing the buffer capacity

25 will depend especially on local factors (site
configuration) and the specification sought after,
resulting in handling of more or less high
concentrations of combustible gas (Hy, CxHy, etc.), and
therefore more or 1less problematic where safety is

30 concerned.

The first stage of cooling according to the
process is carried out so as to perform a cooling of
the gas originating from the catalytic reactor (which
generally leaves it at a. temperature which is not

35 insignificant, for example close to 150°C in the case
of a nitrogen containing 1 % of residual oxygen), if
possible at a temperature lower than 50°C, to condense
the water vapor present in the gas before it is
extracted, for example by settling.



'-gas by the user station (for exanple a furnace). This 20 pressure Pf

will therefore generally be close to at nospheric pressure (which
according to the invention is to be understood as a pressure Pf |ying
in the regi on between approximately.11% 10[err] Pa and 2 x 10[err] Pa
absolute). It wll therefore be notedthat inthis configuration the
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advant ageously ta pl ace
involves, for example, a cryogenic liquid or a Freon).

One of the stages of cooling may advantageously

15 Dbe carried out by passing the reaction gas through one

of the routes of a plate exchanger. In such a

configuration it will then be advantageous to pass

through the other route of the plate exchanger the

already purified reaction gas produced in the

20 purification stage, which has negative calories to be
released.

In fact, as will be clearly apparent to a
person skilled in the art seeing this description, it
will be possible, within the scope of the invention, to

25 produce, depending on the requirements, many suitable
combinations of cooling and extraction stages, for
example, and purely by way of illustration, many
successively cooling/extraction combinations or else
many cooling stages producing plateaus followed by a

30 single extraction stage, or else, after the carrying
out of at least one cooling stage followed by an
extraction stage, the application of at least one other
cooling/extraction combination etc. The choice of the
succession of stages used and of the constitution of

35 each stage will depend, understandably, on the
performance values which it is desired to attain. By
way of illustration, the conditions to be attained in
the case of steel annealing will be more draconian than

in the case of copper annealing, where, as is known,



"direct"” injection of the secondary gas into the main condui t.

"The 'di‘rect injection" according to the 10 invention is therefore
. to be understood as not i nvol ving any "significant” m xing device
t hat woul d be a source of pressure drp;_-such an inj ection will

therefore be carried out, for exanple, wth t he ai,d i a secondary
condui t connecW@HernVaP§ru9§ﬂrbénFﬁé?FaFGdamQSG Waded¥-of secondary gas

i ncl udi ng the redu0|ngsgﬁ§eangn on4g1ués;jﬁpuxgl%ﬁﬁaﬁﬁgén t gefidea @t N
condui t. sanme_conceyn for_ avoi.di ng stream

presence of an?PﬁE§F€§ clarbaH'P«?tofc?ﬁﬁﬁm’rfb SUSCESHIVE Pr°§}‘8§1°n W be
noted that thesb@fatagecanagetsy Whei @he&&fdﬁeachppmmd I\;er}em@vs@mtagems

ol aced %1 058y | §oubuRst i TEIHE poPR RERE Re adi] i ntierore Y

pl aced € porlnt mhere t
perforned, prebpenbdtyodbwnefr eahﬁof seperataye @nd Ofpurqlﬁrﬁatl%ﬁ f Elaen

water vapor, Oéegbﬁﬁaggsﬁﬁgnlhﬂg the R@HM cdﬂauf%ﬂnéd(Hh ﬁﬁ“bvéﬂ& any

catalytic reaction | ready nentlone a ov it
consi der ed, insafetyaprobipg linkege waith fg ‘?‘h‘&ﬁ% 2Fr ogen

(be it by pern@ﬁél aec@rssa&@oru@aw)(ﬁcsladekampaél ¥ serv@pefaeme pﬂesent

stage-al ternation enerator st ped nB8/ h
(generatort9 n %Erdﬂﬁ% gﬁcondaF?é %%ﬁé%%é ﬁ%ﬁﬁ/% fﬁméﬁ% 8% the %fher
hand, the uselisedt Eom ahmnpdrpmeseenchldmrmga$emmdammsy to be

(out5|de its sggggggguggrbaggk %?% %gﬁIyQ&&deirgﬁwy (ﬁ il e ¥%gféeo}hls

range. 35 capac s traditiona
case in such onSsnneanpﬁpdy@ﬁ1@@n@¢@§91$tHQEnP¥ﬁventl%ﬁmﬁ%@#QQ%ﬁ PReair

separator, is ﬁg&POéSEBBHa'BeEi%ngdel1v€'§é83 ﬁdHerffﬁ%Slllry ngupad iGHY r ehei ng

(regulatln%) | ow rate ni t rogen %gd into. the m xture, .S0 as

heat treatment furnace it ho aving been combinéd

with oxygen) .

It will also be noted that, in order to meet
the objective of limitation of pressure drops upstream
of the point where the purification stage is performed,

20 a flow control device upstream of the point of addition
is optionally tolerated only in the secondary line for
delivering secondary gas. The presence of such devices
in this secondary 1line entails few unfavorable
consequences in terms of pressure drop since, in most

25 cases, a large pressure reserve will be available in .
this line (for example 200 10° Pa in a packaged bank of
pure hydrogen bottles), which is never the case in the
main conduit connected to the on-site separator.

Nevertheless, a calibrated orifice will be

30 advantageously employed in the secondary conduit, for
cost reasons.

As will be also clearly apparent to a person
skilled in the art, depending on- the atmosphere sought
after, the redu01ng gas employed, depending on the

35 circumstances, will be hydrogen or else a hydrocarbon
(be it a compound formula CxHy or else an alcohol). The
reaction gas obtained at the reactor exit will then
have a quite different composition (N + Hy0 +
optionally a hydrogen residue in one case, a much more
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J err]/reduci ng gas, whereas the process according to the I nvention
seeks precisely to limt the presence of such control devices, which
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to the invention ers sol ut1on takes a antage of the fact
that such separeryr¥ariadbdmntnaplioysangings | FRrgeredBpbes” from the

treatments of ferrous metals (for example operations of

15 steel annealing, sintering, tempering, heating before
quenching, case hardening, carbonitriding, etc.) of
nonferrous metals (for example annealing of copper,
nickel, their alloys, sintering etc.), operations of
glass/metal sealing, welding or brazing (involving hard

20 brazing or else soft brazing as in microelectronics),
or processes for metallizing substrates.

As reported above, the process for the
production of a nitrogen-based gas according to the
invention exhibits characteristics of great flexibility

25 making it possible to pfoduce the étmosphere which is
quite simply compatible with the specification of the
user station being considered, and therefore if need be
tolerating a certain quantity of residual water vapour
which is compatible with the heat treatment being

30 considered (avoid the excess of quality and hence
excessive costs).

Nevertheless, according to one of the
implementations of the invention, it will be possible
to choose to deliver to the user station not the

35 purified final reaction gas but a mixture of this
purified reaction gas and of the reaction gas which
originate from the catalytic reactor before its
purification. '

This can be performed by removing a part of the



More precisely, both the proposed buffer capacity configurations
of fef the advantage that the gas flow whi ch passes through the
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to be arrangecCJWEIZRE 3 PYRRREALL fBPeE] ﬁﬁfﬁl@r}%ag’ ﬁ§e tarf'é“
reactor anee GRRPeMEIPS OYEHT feaf, t he axﬂ:actthen ape pofedidldy in @l aced
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(potentially very pure) ruhnin
gas, streams 1In controlled (or even regulated)

proportions that are required by the station being
15 considered.

This “multistation” implementation will then
require the use of conventional delocalized means for
mixing and control of the mixing thus performed (such
as valves, flow metering, or even means for regulation

20 such as flow regulators and means for measuring the
resultant water vapour content).

It can therefore be seen that the process
according to the invention makes it possible, by
employing one of its many forms of implementation, to

25 deliver to the final user station(s) the nitrogen-based
atmosphere which the station‘being considered requires.

Regulation of the pressure of the gas delivered
to the catalytic reactor will be advantageously
undertaken by inserting an expansion valve just

30 upstream of the reactor.

Such an expansion valve undoubtedly then
introduces a slight pressure drop into the 1line
(typically of the order of 1 to 2 bar), and hence
thereby produceé a slight deterioration in the dew

35 point, but, on the other hand, has the advantage of
allowing a perfect control of the gas pressure
delivered to the catalytic reactor and hence regulation
of the dew point produced

Such a configuration will then be compatible in
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part of ‘the pl ant. As will therefore be clearly apparent to a
person skilled in the art on sight of this description, t he position
chosen for placing the buffer capacity 2519will depend especially on
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i s extracte or exa e n
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. a gas/gas %xcﬂgggfgrépy VB¥r Rie 0 exghgpl ¢ @) .enbodiment it would be

" possible in this case to e an alr coofer of the type with natural
©or forced convettidnCabhRl¥ 1Fsd9‘é¥¥9€Hé5b°naﬁﬁaﬁﬁP’6h because of
“the work at pressure, 9ffe{sce gogatdurifying from all or part of the

water vapor present in a gas, including at least one
means for cooling a gas and at least one means for

15 extracting all or part of the 1liquid water phase
present in a gas;

and a secondary gas line connected in its
upstream part to a source of secondary gas including at
least one of the reducing gases from the group

20 consisting of hydrogen and hydrocarbons and, in its
downstream part, to the main conduit, at a point
situated upstream of the catalytic reactor;

and is characterized in that the part of the
main conduit situated upstream of the point of the main

25 conduit where the secondary gas line is connected and
downstream of the source of impure nitrogen is devoid
of any flow control device.

According to one of the embodiments of the
invention the plant includes at least two means of

30 extraction, between which an intermediate means of
cooling is arranged.

According to one of the embodiments of the
invention the plant includes a buffer capacity situated
downstream of the point of the main conduit where the

35 addition of the secondary gas is performed, in one of
the following two ©positions: downstream of the
purification device or at a point situated upstream of
the catalytic reactor.

Other characteristics and advantages of the
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_involves, for exanple, g cryogenic |ljguid or a Freon). One of
the stages of PBGFERY méPWﬁhé%ﬂ%a %ﬁgfy EBergE cggF%bd e biOPASYIRY the
reaction gas thesughpgien  off tRenboditments, a pliaten exdbnangewayl n efich a
configuration I dv 99¢o t h, her
.route of the pﬂgégsgrgkéﬁger WA rég %1%§%%5ﬁ§§ reac |%ﬁ£§18&
~produced in prbhduged pimi fneﬂ@thmn swagh, V\htctﬂmdﬁéba@“r@éﬂ@ﬁlsorl é8 to
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person skilled I'n the art seeing, thIS descrlptlon it wi | | $£33|ble
within the scope of -t hEipH¥enty ok 2o 299rﬁﬁ8666€ TERISSTNGR: %ﬂ?t

requirenments, gma»stswdl&fame fo ik MRg i GBE ©f IR ioeesk exteaeting
. stages, for ggrely by way of illustration, many

successi vel y cBBIFﬁ&/é??F conbi nations or el se many cool i ng
st ages produci ng platea&gutelIameﬂsbwaadﬂhgrﬁmnﬁ&immuﬁamtigdvgnggetheor
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an extractron stage, st one ot
. cool i ng/ ext r acihbmrpesbngafFiighret d; The ch0|ce of t he successi on of

stages used and of thnggu%bt 4t QN Hfa 35 i EAGcrStA06thet | L1t dengtdve
understandably on erfornance val yes which it is desired to

attain. By ﬂé?sonlﬁméggﬂQ@PGno £ hbec BN, FGﬁ§198 §&39t-ai ned in
the case of steel anneahi Fgguirel 1he a1y & ain arorddt linénlf hehease of

copper anr}_%allngh %ereécganilzeg Q:\‘rvlne presence of an air separator 3
using adsorption or permeation, producing an impure
nitrogen in which the residual oxygen content is in
this case lower than or equal to 5 % by volume, at a
pressure close to 11 165 Pa, which is directed along

20 the conduit 1 towards a catalytic deoxygenation reactor
5 (for example of the palladium on alumina type).
Before this impure nitrogen reaches the reactor a
secondary gas is added to it, by virtue of the
secondary conduit 2, including, in the case of the

25 embodiment shown, hydrogen originating from the source
4, by direct injection into the main conduit 1.

In the case of the embodiment shown the
secondary conduit 2 is provided with a calibrated
orifice 17.

30 The production conditions of the separator are
preset in respect of flow rate and residual oxygen
purity, to take account of the specification issued by
the wuser, but also, where appropriate, of other
constraints of local economic type which may influence

35 the dimensioning and therefore the output of the
separator (for example cost of the membrane modules,
cost of electricity, etc.).

For a flow rate and a given purity of the

separator, the injection of secondary gas (for example
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30 advantageoﬁg?ﬁeEhployeﬂ e S&FhdalF coﬁgﬁlt ﬁung C%Bg?lLy
reasons. configuration adopted. here (downstream configuration)

15 the flow passing through the catalytic reactor follows
the production stages of the separator.

In the case of the embodiment shown in Figure 1
the reaction gas obtained at the exit of the catalytic
reactor 5, resulting from the reaction, 1inside the

20 reactor, of the mixture of impure nitrogen and of
secondary gas including hydrogen, then undergoes a
stage of purificatidn from its residual water vapor,
symbolized by number 12 in Figure 1.

This stage 12 includes, in fact, multiple

25 stages symbolized 6, 7, 14, 8.

The first stage 6 is obtained by passing
through an air cooler of the type with £forced or
natural convection (gas/gas exchanger), stage 7
consists of a plate exchanger (other gas/gas exchanger)

30 whose operation will be detailed in the context of
Figure 2, stage 14 consists of a gas/coolant fluid
(which happens to be a Freon in this case) exchanger,
while stage 8, which is an extraction stage, consists
in this case of an extractor for 1liquid water by

35 sgettling and purging.

In the case of this embodiment and in the case
of a considered composition of the gaseous mixture
which reacts in the catalytic reactor, it is then
possible to assign an order of magnitude to the
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i
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gsituated at the end of a line, to be expanded (10) in
order to return its pressure to a pressure close to
15 atmospheric pressure. '

Figure 2 provides the detail of the
purification stage interposing Figure 1, with the fact
that the reaction gas obtained at the exit of
extraction stage 8 will pass through the other route of

20 the plate exchanger 7, where it can thus exchange its
negative calories before reaching the buffer capacity
9.
An alternative form of embodiment of the
purification stage 12 of Figure 2 could consist of the
25 sequence plate exchanger 7/Freon exchanger 1l4/extractor
8 (absence of gas-gas exchanger 6). If need be, this
configuration makes it possible to preheat the gas
which is sent towards the final user station. In fact,
the reaction gas obtained at the exit of the extractor
30 8, which is directed towards one of the routes of the
plate exchanger 7, encounters there the gas originating
directly from the reactor 5 (instead of a gas which has
been subjected to the precooling stage 6), which is
therefore relatively hot. This configuration will
35 therefore be preferentially used with a buffer capacity
in an upstream position, to avoid directing this "hot"
gas towards the buffer capacity 9, but rather directly
towards the user station via the expansion stage.
Figure 3 illustrates an alternative form of
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of the purification stage 12 of Figure 1, where, before
encountering the cooler 6, the reaction gas first of
15 all comes into contact with a water exchanger 15 of the
type already described. Symbolized in this figure is
the passage of the reaction gas obtained at the
extractor exit 8 via one of the routes of the plate
exchanger 7 before being directed towards the buffer
20 capacity. The advantageous recirculation of the liquid
water extracted at the extractor 8 towards the water
exchanger 15 has also been symbolized by the number 13.

Figure 5, for its part, illustrates the

following sequence: water cooler 15/air cooler 6/an
25 inserted extractor 18, plate cooler 7/cooler by
exchange with coolant fluid 14/final extractor 8.

In addition, the advantageous recirculation 16
of the 1liquid water extracted at the extractor 18
towards the water exchanger 15 has therefore been

30 symbolized here.

While all these embodiments illustrate the
capacity placed downstream of the extractor, as noted
above, this capacity could also advantageously be
situated between the point of the conduit where the

35 mixing is performed and the catalytic reactor 5.

In the case of all the embodiments illustrated
in the context of Figures 1 to 5, the reaction mixture
formed from the sources 3 and 4 is delivered directly,
without control, to the reactor 5. As mentioned above,
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purification stage 12, 1n order to mix it with the

15 purified reaction gas before the latter reaches the
user station 11.

A plant as described in the context of Figure 1
was employed for producing an example of embodiment of
the invention.

20 A generator of impure nitrogen 3 of the
membrane type was employed, supplying a residual oxygen
concentration of 1 % by volume, at a working pressure
of 11 x 105 Pa absolute and at a temperature close to
40°C.

25 _ This 'generator supplies in turn 0 m3/h
(stoppage stage) or 100 ¥ of the nominal flow D1
(production stage) of the generator of nitrogen
controlled at 1 % of residual oxygen.

Furthermore, a source of secondary gas 4 was

30 employed, which 1is pure hydrogen, flowing in the
secondary hydrogen conduit at 15 x 105 Pa absolute and
at ambient temperature. Bearing in mind the
stoichiometry conditions of the reaction, the flow of

~hydrogen reaching the main conduit is 2.4 % of the

35 nominal flow rate D (when the separator is in
operation, otherwise 0 m3/h). This is therefore in this
case a hydrogen flow rate which is very slightly higher
than the minimum flow rate necessary for conforming to
the stoichiometry of the reaction.
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characterized in that ©hé gaf gesimal hydnagedonduit situated upstream of -
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9 onioumsieam of 4 S0use Al IS L ksl 12 g ae Bl B,
“invention the plant inahedeflaw teast obteimednsimftBis extsactison) héyheen
\,gxlglcg?dﬁﬂgl ?E)e{)%dggasﬁg‘%g:gr%og—’l r?er?tog&o IlIt %OIWS r%lrt:?\?e e'?bn t he plant includes
a buffer capacity situ#ted the exit of the air cooler 6 the
15 characteristics of the reaction gas are the following:
- gas = Ny + 1.1 % Hy0 + 0.4 % of hydrogen +
condensed liquid water;
- P =11 x 105 Pa;
- temperature T = 50°C!
20 - flow rate = 0 or 100.5 % D;.

The gas which leaves the cooler 6 then enters a
settlef/purger (not shown Figure 1, which allows the
ligquid phase to be ejected) which it leaves again in
order then to enter a plate exchanger 7. The

25 characteristics of the gas leaving this plate exchanger
are then the following: ’
- gas = Ny + 1100 ppm HO + 0.4 % of hydrogen +
condensed liquid water;
- P =11 x 105 Pa;
30 - T 15°C;
- flow rate = 0 or 99.5 % of Dj.

The reaction gas has therefore been cooled in
the plate exchanger to a temperature below 50°C (which
in this case happens to be close to 15°C); it can then

35 enter the Freon cooler 14 in which it gives up its
negative calories to the Freon, which goes round in a
closed circuit at approximately 3°C.

The characteristics of the reaction gas
obtained at the exit of the Freon cooler 14 are then
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2 is a diagrammatic-viewgsodpg the 10 detail of the stage of purification

from water vapor interposing Fligure 1;. , - Figures 3, 4 and 5

i | lustrate other al"terﬁg‘?“i’v’éate “forRk %%'%nﬁoﬂfn%ht of the purification

st age. | n G gleavingal oing Fuemim conllert Hheneréacthene 9 can

be recogni zed | p LS prgtion or
SR ES NS Pladlla PhasEPPAOLRL Sxtract'St/Buids

per neati on, producling an |rr% __nrtrogen In v e residual oxygen
content is in t hi Bras@y onss dRdussrasdem &6 5sbepldyvdramstatie

pressure ghosenH 11h34[ annl tige ¥HbEingsS stiare! askad opgr2fedt Batcamsti t 1

towards a catal ytic deoxygenation reactor ~ 5 (for exanple of the,
pal | adi um on #tnPRESEYEE) but agephmospheri; LT 098 reéfﬁ,arﬂéflrfgne
reactor a the gas to atmospheric pressure before it arrives at

the first cooling stage), a water vapor content of 7600
ppm would have been obtained (instead of 700 as in the

15 case in the example illustrated).

Still by way of illustration, if an expansion
valve were inserted just before the catalytic reactor,
it would result in the production of a pressure drop
close to 2 bar, giving a reaction gas pressure close to

20 9 10° Pa absolute. Any other condition kept otherwise
constant (especially the temperature of 3°C of the
cooler 14), a degraded water vapour content of-
approximately a hundred'or so ppm would be obtained in
the final purified gas.

25 The cold gas at 3°C obtained at the extractor
exit can optionally serve as coolant fluid in one of
the routes of the plate exchanger, where it is reheated
to ambient temperature.

Directly on leaving the extractor, or while

30 passing through one of the routes of the plate
exchanger, depending on the circumstances, the reaction
gas is then allowed to enter, still at pressure, the
buffer capacity 9, where its characteristics are those
which it had on leaving the extractor, except for its

35 temperature which is in this case close to 30°C (that
is to say the ambient temperature of the plant shop).

Depending on the requirements of the final user
station, gas is regularly withdrawn from the buffer
capacity, in order to pass through an expander and a



secondary gas is added to it, by virtue of the secondary conduit 2,

I ncluding, in the case of the 25 enbodi nent shown, hydrogen origi nating
fromthe, source 4, by direct injection into the main conduit 1.

In the case of the enbodi ment shown the- 27 secondary conduit 2 is provided

with a calibrated, rifice 17..30 The . progdyct i onaj t of
the separator @F€*¢e g?’ése?o?%r?%gbré%t Bpet I%%]vg¥ at'e and ?%E%Hu%é%%égen
purity, to takeeackimgt the tukespetatioatildn ¢essestbyg, forheexampleput

al so, where apppopri , straints of |ocal econom c type
whi ch may inflﬁén%ehgée %ﬁéaeﬁgﬁgn§P€%§§g° and therefore _the out qﬁ of
@%@? of

t he separator (forTeRamlegasserigtigre aEntiendwottied, gas

electricity eifrives at such &Oheatl tPWdtitehtAntubngte earpurdden othé he
separator, the |niect|on of secondary gas (for exanple

-21- ~ pure FQUtOYERY:will be fixed (in flowrate); bearing in m nd
the stoichionetry of t@gsmatHF fovoat ppm Heacki 0né % oft hgdewgeasis in
y

practice will be to_beys|ight gbgye .ratio 2 between hydrogen
i nput and oxygen inputf.' g x 10 QXA%bg?%%ggy menti oned above, such a
separ at or oper atesT #ntheuswvbienbetempaygasurefi|ling a buffer

. capacity Qqry stopping ip)siep-y¢dh I herRperaht9fuBhst N6r indSRfithesadn.
The placing of the buffer _capacity according to the invention ensures
. conpl et e nai ntElewnyate obf thaecupere=al fre§sBre, owing to the absence of

nmeans of flow cont#@kthébRogeNPOXind ONopbrhbigonl Xtaf € phesi Nguffer
capacity (as a lung) is well known and will not be
.~ detailed here again (when the pressure in the buffer
15 capacity falls below a low 1limit threshold the
separator comes back into service, while the separator
is stopped when this pressure moves above a high limit
threshold) . |
Thus, if, for example, Dy is a 100 base and the
20 wuser's flow rate relative to this 100 base is equal to

70, then the generator will operate 70 % of the time at
its nominal value Dy and 30 % of the time at its value
0.
It will be noted that the user's flow rate must
25 in all cases be lower than or equal to the nominal flow
rate D; of the nitrogen generator; consequently, in
order to guard against possible problems of consumption
being exceeded, it is possible either to place an alarm
1inkéd to a minimum pressure threshold in the buffer
30 capacity or to install an overspill at the entry of the
. buffer capacity and thus to control a minimum pressure
upstream of the overspill.
Although the present invention' has been
described in relation to particular embodiments, it is
35 not, however, limited thereby, but is, on the contrary,
capable of modifications and alternative forms which
will be apparent to a person skilled in the art.



through the catal'ytic reactor beimg constant (as preset). In the
case of  the . bmisfoneet HastRBAGDd  configuration_adopted here

(downstream config he fl ow passing thr g”E@
reaétor follows : Emuljon stages gf the s gﬁ!ﬁgt PT%&S”‘EE’EN I n
the case of the e in Figure 1 t ai ned

at the exit of the catalytic" react oCI&IMSsul ting fromthe reaction,
inside the 20 reactor, of the mxture of inpure nitrogen and of
secondary gas including hydrogen, then undergoes a . st ag

purification fomits &’ \ﬁ@t’fergﬁaﬁﬁf"tlgg %quog@dl'&?ﬁﬁﬁ’rb&asﬂ in
Fi ?rgr?' 1. g ;v1t]1:14 a Wiew Stagesuﬁalﬁfm#yda&, lgndtacbnemidepl etabiost,ages
synbol i ze , The first stage 6 is obtai ned by passing
through an Air a&?&fé%m(% H%é’fi’ﬁ}’e with forced or natural convection
(gas/gas exchanger)-, ast agétrogen mmrsrts odsa phich exthehydes (oeher
gas/ gas exchangey, vg;gzgee ReStd b ajlegdni githgcantexy of
Figure 2, stage fﬁ' consij st ol:? a gasl?icloy\% I!ﬁ]'f ﬁﬁ‘?‘(ﬁj n |lch ﬁ%ppens to be
a Freon in this3dady) adetrmidan or peyiga-iatige 8, WhICh is an extraction

st?tg?a cons:jsts 4 Nndiilss GRSty a@a@d Hact @ﬁxg@teahgwlebn\gat er gmﬁb ]
settling and pur s_enbodi nent _and in the
case 6’&%%4]”%& e&léor‘iﬁ&@’-ﬁ a&ﬁgyéfd’feo OFYIFIREOn TRACERT

reacts in the dat)gl ytic reactor, it |s t hen possi bl e to assign an order
~of magnitude to the _

a secondary gas (4) including at’%east one of
the reducing gases from the group consisting of
hydrogen and hydrocarbons is added to the primary gas

15 Dbefore it reaches the reactor;

- the primary gas and the secondary gas are
reacted in the catalytic reactor so as to obtain at the
reactor exit a nitrogen-based reaction gas which
includes water vapor;

20 - a stage (12) of purification from all or part
of the water vapor present in the reaction gas obtained
at the catalytic reactor exit is carried out by the
application of at least one stage of cooling (6, 7, 15,
14) the reaction gas, then at 1least one stage of

25 extraction (8, 18) of the liquid phase induced in the
reaction gas as a result "of the cooling stage, to
obtain a purified reaction gas;

characterized by the combined application of
the following measures:

30 - said reaction and said cooling and extraction
stages are carried out under pressure;

- the point of the main conduit where the
addition of secondary gas is performed is fed with
primary gas according to an uncontrolled all-or-nothing

35 method.

2. Process according to claim 1, wherein said
purification stage includes at least two extraction
stages (18, 8) between which the reaction gas undergoes
at least one intermediate cooling stage (7, 14).
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terrperaturesrhr %Qgﬁdsge&]m@tahodstage for the gas: cl ose ——te—150ferr}Cat

t he  r eact or ﬂm%la‘r!g the exit of cool er § THEISPHEET BAStBEENe

exit of cooIe at the exit of the F eon REPLACED4. 5
Depend| ng on nce val ues _ ?ught ter, Tt wtibe
possi bl e, for exarrpl e, to envisage a plrant such as that in Figure 1 but
reduced at el edents Procgs® 8acgoridigbe tool¢hrimt dger 2, whereign

| eaving the pubut»lﬁate'donréaeeeoﬁZ é&@ %uta»trﬂé‘a eder eghd | Qi 9aS JeS gaﬁa
directed into a , fromwhich the gas |s regular

acl ty
wi t hdr awn QE&’&FE&F%J‘P@ tﬁ‘gag%qﬂ1sr eh%fﬁft’%rﬁlhﬁe ﬁﬁé’éﬁedm i m buffe
situated at theapaeiefy a($) pefriom behfapandedi 1Qr)J.t|Harawn otgereded r geurn

its pressur ressure cIo e to 15 tnDs herlc

Figure 2 E’eprg$ 85 on& uat et trflfsré%t?%‘h Qfagine

i nterposing Fiddbe 1, W|th the fact that the reaction gas obtained
at the exit ,of BEUAGH 00cebagend VLo! Phsfy I Ough bhe ghlgrpoute
of 20 the plate exchanger where It us exchange 1ts nega I've

cal ori es bef oréeifeaéhm?@qfﬁél%tﬁh%rcé‘a@bﬁw reacgor said primggy gas

alternative fogg gfhiihodhMBNtsedlond¥®y ga®Uhbkl GdPNaghage 1152 gfokigure 2
coul d consi st gf the 25_se uence gll te exchan er 7/ Freon _exchan
14/ extract’dt TEMBOFABILNC Ibfaga’ &5 S gyrapged eét?sﬂ'é"eat‘hlgf

configuration thkesaitialyrdsi bfeadtmxpr eheabuthdogastreamh:fctsaisd spoint

towards the fipal at eact ta|n
the exit of thgﬁexk{r a(F:“[ ain 5(5) Q [ recc%j(?agjt%lwaé%s %%%no ¥ hd gout es
of the pl aie E%@ﬁ@ﬁg@d 7, encount ers there the gas originating

directly fromghe reacb?ﬁcés%‘”é&@@?d?ﬁga Q@S<&ﬂtﬁb Ras or 4bee9héfQ%ﬁCted
to the precoolln st ag therefore relatively hot

conf i gur atlizon RF Pres5 t’?f‘é{%*tld?% b@abiief 55T | aPFPLicRd withe a Perified
capacity | Readtipat ga@aM g iriel, at ot A¥Ookstidi bFCtdid thhsifheation

stage (12) is expanded to a pressure Pg of between
approximately 1 x 10> Pa and 2 x 105 Pa.
6. Process according to one of claims 1 to 5,
20 wherein said reaction and said cooling and extraction
stages are carried out at a pressure within the range
[2 x 105 Pa, 15 x 105 Pa].
7. Process according to one of c¢laims 1 to &6,
wherein a part of the reaction gas is bypassed before
25 it reaches the purification stage 12 and this
unpurified reaction gas thus bypassed is mixed with the
purified reaction gas obtained at the exit of the
purification stage, in proportions which make it
possible to. reach the specifications required by said
30 user station(s). |
8. Process according to claim 7, wherein the water
vapor content of the mixture thus produced 1is
regulated.
9. Process according to one of claims 1 to 6,
35 wherein a number of user stations, whose needs in terms
of purity in respect of water vapor differ, are
supplied in the following manner:
a) a part of the reaction gas is bypassed
before it reaches the purification stage 12;
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; gasrh}s%}qe/aemthh buff_er' capacity 9, but rather di recti\ towards the user
t : ﬁ

st at Hm"ﬁ Ei‘ Eﬂ %dnsi on st age. Fi gure 3|THISISHERT GASBEEN
alte i [L f
. enbo purification stage 12 _aggor_di ng to tre—fAv-ertion

- REPLACED

where the gas successively encounters a cool er of the water exchanger
type 15 (for exanple ab) copfering &% acakededstmd], | abp camerebdsanda
water 5 troug e sencoun ' a | e i ot t . al dy
. descri bed, andnt)sﬁélr)l %ﬁé%el%?lr%éct%r%%g’ggn ehe {mgxgagﬁggad%grgrgﬁﬁ)gneéfagt-he
“extractor 8 habypessed fxpmpstgse vl cAndertdhesPundfégdesicadiithsgaswat er
- and in thi gpeasaeddvant agrauséyi€i sehandfs filcdtawd detile 192, vwatgr
‘trough of the water exchanger 15 (recirculation . _sympbilized by tE‘g

number 13).5 = Proportiong g yhich mke,atks ROSSHBIAI (% nafeIehT oF

of the purificapeedficagdoha ofinFi gespedt wWhfr eyatef ovapor ehdetnt arieng
the cooler 6, fs ti s fir : A .| ontact with a
wat er exchange%ggg}%%&t Ii'lb%n ehe tuyslﬁelstaﬁt(r‘%{e‘:(?fé)?/1 (?%slélﬂcbeg%lglé%o ized in this
figure is the paddsag®rocesise mreaorfidnggatoolrkaired %t wherein ekheact or
exit 8 via oneyakobne 100 e pftddie BFalthe mi%toRandehud REfQIRLE BY

; t .
directed towards the buffer 20 capacity. The advantageous recircul ation of

the Iiquid0 eaghepsek siatderads ke -or 8 towards the water
exchanger 15 has al 30 .be@irosiemeoldeeskding heonwierofl 3claims 1 to kbgure
S Ot BEbes )l IS A ERrd "Ee ene’ BT SPYIENGEy VEAS" aRR0! O

of secondary gas delivered to the catalytic reactor is

regulated with the aid of an expansion valve placed in
15 the main conduit upstream of the reactor.

12. Process according to one of claims 1 to 11,

wherein the residual oxygen content of said nitrogen

primary gas is lower than or equal to 5 % by volume.

13. Process according to claim 12, wherein the
20 residual oxygen content of said nitrogen primary gas is

between 0.1 % and 3 % by volume.

14. Procesé according to one of ‘claims 1 to 13,

wherein said addition of secondary gas to the primary

gas is performed by direct ihjection of the secondary
25 gas into the mainibonduit.

15. Process according to one of claims 1 to 14,

wherein - one of said cooling stages is carried out by

passing the reaction gas through one of the routes of a

- plate exchanger;(7) and wherein the purified reaction

30 gas obtained aﬁffhé énd of the purification stage is

passed through théiother route of the plate exchanger.

16. Process_ﬂécéording to claim 15, wherein the

purification stage includes the passage of the reaction

gas successivel§i through the plate exchanger, a
35 gas/coolant flui@i?kchanger and a means for extracting

the liquid phase from the reaction gas.

17. Process according to one of claims 1 to 16,

wherein the operaﬁion of said separator and the entry

of the secondary gas into the main conduit are coupled
cary 9@k o = o

AR R



25 Thigthedt HexBeertRdplag@t Or 18, plate cooler 7/ cool er :
cool i | i nal extractor 8. | n addiHi® SHEET HAS BEEN

adva . "mf Ic.,ul ation 16 of the liquid water extrRBERIACEBt the
extractor 18 "~ "towards the water exchanger 15 has t

“ synbol i zed here. - VWhile all these enbodinents illustrate the
~capacity pl acedwdestfacekn bhathseerndasvogasasishcabibwed tboesterhithe

- capacity coul dalisp AR @ISRV ¥£0Raia o jﬂag&ﬂ- bl WegNat ReRRiRL of the
- conduit where thel 35 mXxing i?perfo?rjfed aré t he cat al ytiac1 eact or g

In the case of 8439%-he enbodi ments illustrated in the,context of _
gi Igures é Ej 0 5,1af.he reéE‘ztddﬁhlséﬁ &bdb@dilng f s rrﬁﬁllef r &/ tdl%g&ﬁg; gestsd qm,ld4 I's
“-delivered direc . it t control _.to the reactor 5. ment i gne

“ above, 5 wthe%‘eln the - low ratte of _sgg_om{aryi tgasulnaeaaqudu%e%%e

‘i possi ble to i ngedn dmdwbn tibe quaitniolled dby cbhduiusel athea e caflld baddtietd on

i of secondary 9%§i%4§% (17ﬁxwforned and reactor 5, an expansion val ve

- making it possfb e to'control and regulate the pressure of 5 reaction
. mxture deliveld@d to tRFacass _013C§9_rd.1n9 Lo oneg ok | &rh%?—_,ms/\hﬂ-l €@ hdSe
figures illustiMe®-eAn safdseellcibCRya SidIhe HaRoddr¥dP o 1 Fotmadlal €
sinply - suppl ied th t he t£ ified final.,, .gas._ .mxture
.joriginaﬂlﬁferWﬁﬂu?%%rWPFEﬁﬁpoﬁ t §20ne; q}aﬁ?%IPP%B§E+%FePf as
2 mentioned abpueifidatiomwdt adte lebbde one olfartdwrd efdsds csSf othehgrugt ure
-~ which is delivered.tQ. e~MSer. S ion, 1 . bypassi a. par f the
reaction g%&gg&ﬁg%ﬂ% %fh?@rgaﬂ ES%MEE% %ﬁ€¥%§%c?§§ Eghﬁ% $ﬂ%ng of

the main conduit situated downstream of the catalytic

reactor.

15 20. Plant for genérating a nitrogen-based gas
suitable especialiy for making use of the process
according to one of claims 1 to 19, including in
succession along a main gas conduit:

- a sourcé_(3) of impure nitrogen under pressure

20 containing a residual oxygen concentration;

- - a catalytic deoxygenation reactor (5);

- a devicéﬁfqr purifying from all or part of the
water vapor present in a gas, including at least one
means (6, 7, 14,515) for cooling a gas and at least one

25 means (8, 18) foiﬁéxtracting all or part of the liquid
water phase préSéﬁﬁ-in a gas;

and a sébbﬁdary gas line (2) connected in its
‘upstream part @ﬁé a source (4) of secondary gas
-including at-leagf'one of the reducing gases from the

30 group consistihj}?f hydrogen and hydrocarbons and, in
its downstream'bgft; to the main conduit, at a point
situated upstreé@i@ffthe catalytic reactor,

wherein -the part of the main conduit situated

upstream of said -point of the main conduit where the

35 secondary gas ;iﬁgiis connected and downstream of the
_ soufée'of'impuré; iﬁrogen is devoid of any flow control

device. R

21. Plant -aEEOrding to claim 20, wherein it .

includes at leaét two means of extraction, between

I




purification stage 12, in order to mx it with the 15 —purified reaction

gas before the latter reaches the user station 11 THIS SHEET H X nt
as descrjbed in the context of Figure 1 was enpl 01 Q'\’EHW\E n
exarpl e of enbodi ment of the inventiogyg 20

inmpure nitrogen 3 of the menbrane type was enpl oyed, supplying a
resi dual oxygeWhich apndsfermeddatss mfa%gby’fvmngatlsa%laﬁ -pressure

of 11 x 10[errbaPa absehuhe agdcatddnyerer ¥nd eckl 0sEaims 20 4@kerpiC. 25

N LN T e e T i e

ni t rogen cdoWnstIredmatofl gaioi pemtduaf ckggamain conduit wh&netbhém)re,
a source of se enppl o jsch S yd

flowing in %888?1&&1;8 ﬁ%a S'lhsfgﬁro {e? céﬁgw f’%g? 151>!'€1 1(5| mg %a é soI ute
and at aﬁbﬂ-éﬁwlngerrpeﬁ‘m urePOSlBé@nlsng downs e said

stoi chi onetry ﬁﬁi?@!ﬁ&b%&oﬁf &ehﬁcfeef%ﬁ? | 9P, ot BB ihkOWi¥uated Wé@ﬂ@émrsﬁch' ng
the main condurt is 2.4 %of the 35 nominal flow rate Dferr] (when
the separatort FscaFﬁlyt1006§P§FP6n otherwise 0 nB/h). This is therefore
inthis cage.a hydpogen faevoraiggWiichone VEEY slaihé | 2di gher 22,

than the mninumflowr enec ssary f confornmng to
st ai chi o 0ry Bg]efﬁénr arct ll&ﬁls Shd oFf S31G°Tmldnk 3 cooflng is _8oc

- Inside the catghgygasr eaxchangerrhe oreact | @as/lidyiat r lexchangdr Jerr]a- >
- H20 is initiat Sgs%gggﬂhtef&ﬁ&aagxgﬁahger.
24. Plant according to claim 23, wherein said
purification device includes in succession a plate
15. exchanger, a gas/coolant fluid exchanger and a means
for extracting the liquid water phase present in a gas.
25. Plant according to one of claims 20 to 24,
wherein said secondary conduit connecting a source of
secondary gas to the main conduit is provided with a
20 calibrated orifice.

This Sheet Has Been RTla ced
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input, but is exothermc, giving rise to the production of a reaction

gas whose tenperature is close to 150[err]C 5 in this case.

The other characteristics of the reaction gas obt ai ned at the reactor

exit are the foll'ow ng: - less, than 20 ppm of residual oxygen;

- 0.4 %of residual hydrogen; 10 22 2 % of residual Herr]Q

- the pressure of the gas being P = 11 x 105 Pa. The flow rate

obtained in this case is 0 nB/h or 101.4 %of the nomnal flowrate:

Derr]. At the exit of the air cooler 6 the 15

characteristics of the reaction gas are the foll ow ng: -

+ 1.1 % H err] @ROCESS 2Df PRANTOoHOR GENERAEENGeNSEEOEFHuF@RvﬁFé?;

- P = 11 x 10[ eREATMEST - tenperature T = 50[err]C 20 -

flowrate = 0 or 100.5 % D1. The gas which | eaves the cooler 6

then enters a settler/purger (not shown Figure 1, which allows the

|l i quid phase to be ejected) which it |eaves again in order then to

- enter a plate exchanger 7. The 25 characteristics of the gas leaving this
pl at e exchanger -are then the foll ow ng: - gas = Nerr] + 1100

ppm Herr]O + 0.4 % of hydrogen + =~ condensed |liquid water; -

= 11 x. 10[err] Pa; 30 - T = 15[err]C - flowrate = 0 or

99.5 % of Derr]. The reaction gas has therefore been cooled in

the plate exchanger to a tenperature b@BR®IRATErr]C (which . in this case

happens to be close to 15[err]C); it can then 35 enter the Freon cooler 14

in which it gives up its negative calories to the Freon, which goes

round in a cl osed dhecui ingentppnoxi natatgs3[ & Ca process

characteristiCgeneYatind'®a nit3ohed1ba@@¥ gas, according to which a
nitrogen-based reaction gas is produced in a catalytic

gas = N2

deoxygenation reactor by reaction between a nitrogen
primary gas which includes a residual oxygen content
and a secondary gas (4) including at least one of the
reducing gases from the group consisting of hydrogen
and hydrocarbons, thé reaction gas obtained at the exit
of the catalytic reactor being purified from all or
part of its water vapor by successive cooling and
extraction stages, this process being remarkable in
that: .

- the reaction and the cooling. and extractipn
stages are carried out at pressure;

- the point of the main conduit where the
addition of secondary gas is performed is fed with
primary gas according to an uncontrolled all-or-nothing
method.

FIGURE 1



obtained at the exit of the Freon cooler 14 are then

- 26 - the foll ow ng: - gas = N[err] + 700 ppmHerr]O + 0.4 %
of hydrogen + condensed |iquid water; - P =11 x 10[err] Pa
5 - T =3[err]C - flowrate = 0 or 99.5 %-of Derr].
On | eaving the Freon cooler the reaction gas discards its liquid phase
in the extractor/purger 8. y of illustration it should be
stated 10 that, had all the cooling st!ﬂ% been carried out not at

" pressure but at atnospheric pressure ( xpandi ng the gas to
at nospheric pressure before it arrives at the first cooling stage), a
wat er vapor content of 760f= have been obtai ned (instead of
700 as in the 15 case in the exanple ill syr at ed) . Still by way
of illustration, if an exprnsion mere érserted4kust before the
catal ytic reactor, it wou In the prdd off a prpssure drop
close to 2 bar, glving a react aﬁ_gas4maiF§uLe Clppse 1@ 2010 10[prr] Pa
absol ute. Any ot her condition kept ot herw se const ant (Jespecfally the
tenperature of 3[err]C of the {‘ ol er 14), a degraded we pour
content of approximately a hundyed or so ppmwoul d be obtained in
the final purified gas. 25 gCe cold gas at 3[err]C obtained at the
extractor exit can optional }y spdve as coolant fluid in one of t he

routes of the plate exchanger, wher;ﬁ t is reheated

FIG.1




to anbient tenperature. Directly on leaving the extractor, or
whi | e 30 passing through one of the routes of the plate exchanger,
dependi ng on the circunstances, the reaction gas is then allowed to
enter, still at pressure, the buffer capacity 9, where its
characteristics are those which it had on |leaving the extractor, except
for its 35 tenperature which is in thi ase close to 30[err]C (that
is to say the anbient tenperature of tléi nt shop). Dependi ng
on the requirements of the final er ation, gas is regularly
wi t hdrawn fromthe buffer capatity, in order to pass through an
expander and a - 27 - device for
controlling the user flow rate, before reaching the user station 11
consi sting, for exanple, of a fheat treatnent furnace. The
characteristics of the purified gap which 5 arrives at such a heat
treatnent furnace are_then the ,iQLLgang___ gas = Nerr] + 700
ppan[err]O + 0.4 @6§E'hydrogen; =1 x [err] Pa absol ut e;

= the anbient terperature; 10 - fIOM/rh = the continuous or
|nstantaneous fldw rate : S
Furthernore, the operatio capacity (as a lung) is
wel I known and wil | ﬂot be : iph (when the pressure in
t he buffer 15 capacitg faIIs bel o FovTT Tt hf eshol d t he separ at or
comes back into servilce,

FlG.2




is stopped when this pressure noves above a high limt t hreshol d).
Thus, if, for exanple, Derr] is a 100 base and the 20 user's flow rate

relative.to this 100 base is equal to 70, then the generator wll
operate 70 % of the tine at its nomnal value Dierr] and 30 % of the
time at its val ue 0. It will be noted that the user's flow
rate nust 25 in all cases be |ower than gr equal to the nom nal flow
rate D[err] of the nitrogen generator;osz?fgquently, in order to guard
agai nst possi bl e probl ens of consunpti bei ng exceeded, it is possible
either to place an alarm | i nked Lo a m nimum pressure threshold in the
buffer 30 capacity or to install an®verspill at the entry of the
buffer capacity and thus to control & m ninum pressure upstream of the
overspill. Al t hough th pr esent i nvention has been
described in relation to particul ar nbodi nents, it is 35 not, however,
limted thereby, but is, on the contgary, capabl e of ,nodi fications and
alternative forns V\hicfi___mu_l_he_a.p.pa.r.ent_tn.a. rsofdskilled in the
art. ' - 28 -
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CLAI MS. 1. Process for generating a nitrogen-based gas, with a

view to supplying at |east one user station, according to which:

- a  nifrogen primary gas which includes a 5 residual oxygen content
is produced in an air separator (3) by adsorption or perneation;

- this primary gas is directed along a main conduit (1) towards a
catal yti c deoxygenation reactor (5); 10 - a secondary gas (4)

i ncluding at | east one of t he reducgn ases fromthe group consisting .
of hydr ogen and. hydrocarbons is ad the primary gas before it
reaches the reactor; - the égrinary gas and the secondary gas
are 15 reacted in the catalytic reacthbr so as to obtain at the react or
exit a nitrogen-based reaction gas whijch i ncl udes wat er vapor;

- a stage (12) of purification fromalg or part of the water vapor
present in the reaction gas obtained 20 at the catalytic reactor exit is
carried out by the application of Jat | east one stage of cooling (6, 7,
15, 14) the reaction ~ ~therr =t |TastT of extraction (8,
18) of the liquid phase #nduceth+q the reacti on ghs ajZa result of the
cooling stage, to 25 obfain a puyified reaction gas;

the [oll ow ng neasures:
n slages are carried out

characterized by the confpi ned
- said reaction and said|coolfi'n
under pressure;

pl'ication of

| FIG.4
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-29- - - the point of the main conduit where the addi tion of

secondary gas is perforned is fed with primary gas according to an
uncant r-okl ed al | - or-not hi ng method ; 5 supplying a buffer
capacity (9), in one of the follow ng | ocations : (i) at
the exit of said purification stage, to store tenporarily said
purified reaction gas, from which it is withdrawn to feed at | east
one user station 10 (11) situated at t-ge ﬁd of line (1); -
(j)upstream of the catal ytic reactor ( t downst ream of sai d point
of the main conduit where the addtion of secondary gas is perforned, to
store said primary gas to ﬁhich sai d secondary gas has been added, 15

reactor. 2. Process according to
rification stage includes at |east two

before it reaches the catal yti
claim 1, wherein said

extraction stages (18, 8) Bbetween which the reaction gas undergoes
at |least one internediate cool fng stage (7, 14). 20 3. Process
accordi ng to cl aigmr=4-otr—2—-wihet e+-N—-— BeFef e rep2hing the said user
station, the purif? rea¢ti on gas obtai ped ay the exit of the said
purification stade (12) i{s expganded to a presFELg/Lf of bet ween

. a—25 4. Process

approximately 1 4
according to one

FIG.5




wher.ein said reaction and the said cooling and extraction stages
are carried out at a pressure within t he range [Z2*x=38}ersrd-Pa
10[err] Pa]. 5. Process according to one of ﬁaFn%csmsmma@E&$o
wherein a part of the reaction gas is bypassed befo gr

L

purification stage 12 and.this unpurified reactloﬁﬁgas i
m xed with the purified reaction gas obtained a

purification stage, in proportions which neke it 35 possible to reach the
speci fiications required by said usergst-ati.on(s). 6. Process
according to claim5, wherein the water - vapor content of the

m xture thus produced is regul at ed.

- 30 - 7. Process according to one of clains 1 to 4, wherein a
nunber of user stations, whose needs in terns of purity in respect of
wat er vapor differ, are supplied in the followi ng manner: 5 a)

a part of the reaction gas is bypassed before it reaches the
purification stage 12; b) mxing is carried out, at each of said
user st at i ¢HAIM&t ween the unpurified reaction gas bypassed from
stage a) and the purified reaction gas obtained at 10 the exit of

purification stage 12, in proportions which make it possible to reach

with a view to supplying at least one user station,
according to which:

-~ a nitrogen primary gas which includes a

5 residual oxygen content is produced in an air separator

(3) by adsorption or'perheation;
= this primary gas is directed along a main
‘conduit (1) towards a catalytic deoxygenation reactor
(5):

10 - a secondary gas (4) including at least one of
the reducing gases from the group consisting of
hydrogen and hydrocarbons is added tc the primary gas

' before it reaches the reactor;
- the primary gas and the secondary gas are

15 Treacted in the catalytic reactor so as to obtain at the
reactor exit a nitrogen-based reaction gas which
includes water vapor;

- a stage (12) of purification from all or part
of the water vapor present in the reaction gas obtained

20 at the catalytic reactor exit is carried out by the
application of at least one stage of cooling (6, 7, 15,
14) the reaction gas, then at 1least one stage of
extraction (8, 18) of the liquid phase induced in the
reaction gas as a result of the cooling staqe, to

25 obtain a purified reaction gas;

_ characterized by the combined application of
the following measures:

S.. bypass dis

~ said reaction and said cooling and extraction
stages are carried out under pressure;

* [ L ] H *



of water vapor which are required by the user station __ _...bei.ng.-consi-dered.

8. Process according to claim?7, wherein the Watet""." f.,\_@pqepgm_eml of
the m xture thus produced at each user station is regu‘['ét xé\m W
Process according to one of clains 1 to 8 wherein. ur.e..of...the
m xture of primary gas and of secormda#y yas deliv

reactor is 20 regulated with the aid of an expanS| on valve placed in

the main conduit upstream of the reactor. Process according to

one of clains 1 to-9,the pRdngi nafhe the| dl!&llnoxfg"é# t &therd tkbesaid
ni trogen prireddigheni sof owecdridaryr gagualst pérfoledS is/0|ﬂéﬂﬁ‘ with 11.

content of t et Lasy  GasCBeBrallly: WP dhodiortad PE) 8L fEkATRg,

vol une. 1’Qeth°dProcess accord| ng to one of claims 1 to 11, 30 wherein
sai d addi 6i on of secenpplyies 4 obubeep’ capacity OFF, Iinp%rri‘é)ra?dtmé
direct inj ethQle{diﬁg 138%%@?&”’ gas into the main conduit.

Process according neé o to 12, wherein one of the sai d
cool ing stages is carKiddasutthss eﬂbi,'tpeﬁsﬁng-dt Irrigiaationastagepuglo one

of the rout eSstoreoftemﬂbﬁheiwchaasar fa&i-iiﬂéd' nr&Eléthe el fl edlom

reacti on gas &R% g 33 Ilﬁ??{' " hefepeéi<lf | O@ one useresltgt:.%%sed

. through the o t &80/ ﬁlé‘[é‘ nﬁ%ﬁ

10 (11) situated at the end of line (1);

(J)upstream of the catalytic reactor (5) but
downstream of said point of the main conduit where the
addtion of secondary gas is performed, to store said
primary gas to which sald secondary gas has been. added,

15 Dbefore it reaches” the cétalytic reactor.

2. Process according to claim 1, wherein said
purification stage includes at least two extraction
stages (18, 8) between which the reaction gas undergoes
at least one intermediate cooling stage (7, 14).

20 3. Process according to claim 1 or 2, wherein

before reaching the said user station, the purified
" reaction gas obtajned at the exit of the said
purification stage (12) is expanded to a pressure Pg of
between approximately 1 x 105 Pa and 2 x 105 Pa.

25 4. Process according to one of claims 1 to 3,
vherein said reaction and the said cooling and.
extraction stages are carried out at a pressure within
the range {2 x 105 Pa, 15 x 105 pa).

5. Process according to one of claims 1 to 4,

30 wherein a part of the reaction gas is bypassed before
it reaches the purification stage 12 and this
unpurified reaction gas thus bypassed is mixed with the
purified reaction gas obtained at the exit of the
purification stage, in proportions which make it

35 possible to reach the specifications required by said
user station(s).

6. Process according to claim 5, wherein the water
vapor content of the mixture thus produced is
regulated. '
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-31- 14. Process according to claim 13, wherein the
purification stage includes the passage of the reaction gas

successively through the plate exchanger, a ;'E'a%'v‘fbﬁ?-&ﬁ-t:%‘-lfﬂi
exchanger and a neans for extracting 5 the |iquid PBRERCEMENT SHEETeacti on-

gas. 15. Process according to one of clai 1l to 14, UN'Wer in the
operation of the said separator and the- 30 entry Paiers'-Secondary--gs into
the main conduit are coupled by the fact that S&condary gas 15 atl owed

to éo enter #.he mai mﬁwd#&tlgﬁﬁétdindhﬂ:éabﬁefeaﬁf a&r&fiﬁé in to ta,15
production s . racess.acganding tq one of clai 0 15,
wherei n the %%eria? gaosug‘gsﬁn&grg‘ &é'sq'@atg‘rﬂ'%g (fhiese n #7\ g’gnﬁﬁﬂnsi s
control | ed by® hePusttyf ancarespbectd ©Ff watiexe Yapyr différ, aPeocess

accordi ng to sigpDied! fhMehd £8116wing mahAkei:N the said reducing gas is a

hydr ocar bgn of forpul a _CX d_.in that  .at |east, one additjonal
oper at i ongof purifi ca?{n(-)lna ofp%gl @i}gt he seachlon,sgas)isy; bypasgeq,

consi sting ofbefPreditcreachesstbear purdtdgation stagepaia;t of the main
condui t situated downgjradwifly e carrféd abyti CakCRQl of & i:g sexd | ant
for generatin n__nitrogen-based as sui t abl e especi a? y Tuor maki ng
use of the pr%g%ggmiﬁ' &8%&%"{]9‘:?% Bﬂ@uﬁﬁ-f&Pgi Reaction gas bypasgachg in
successi on albrgmastage ejnamd the purified aremctien(gasobbtapwed rit rogen
LT P 550 e extenit PP Bl 6, “BROERLERREBIng vsg, 7
fromall or p‘&ggeo t; pessiblgaita xeanh thesepecifigaghens| An resreak
| east one = offewateiS,vapor4whith fatfe CPedhiBed 89S thHel dberedFHatAth
means (8, 18)b£9£geéghg§hieg,%da.ll or part of the liquid _
8. Process 'aécor&ing to claim 7, wherein the water
15 vapor content of the mixture thus produced at each user
station is regulated.
9. Process according to one of claims 1 to 8, wherein
the pressure of the mixture of primary gas and of
secondary gas delivered to the catalytic reactor is
20 regulated with the aid of an expansion valve placed in
the main conduit upstream of the reactor.
10. Process acdording to one of claims 1 to 9,
wherein the residual oxygen content of the said
nitrogen primary gas is lower than or equal to § % by
25 volune.
11. Process according to claim 10, wherein the
residual oxygen content of the said nitrogen primary
gas is between 0.1 % and 3 % by volunme. _
12. Process according to one of claims 1 to 11,
30 vwherein said addition of secondary gas to the primary
gas is performed by direct injection of the secondary
gas into the main conduit.
13. Process according to one of claims 1 to 12,
wherein one of the said cooling stages is carried out
35 by paSsing the reaction gas through one of the routes
of a plate exchanger (7) and in that the purified
reaction gas obtained at the end of the purification
stage is passed through the other route of the plate

exchanger. -

T



wat er * phase present in a gas; 35 - and a secondary gas line (2)

connected in its upstream part to a source (4) |pt bEC nual

i ncluding at | east one of the reducing gases fr om t Hp REPLA 5‘?”5”%3%%%; gt i ng
of hydrogen and hydrocarbons and, in JUN -
REPLACENENT SHEET ' - 34} Date =% zts “dowTstT #am
part, to the main conduit, at a point = 3%ituated upsStream of the -

catal ytic reactor, wherein the part of the main conduit situated
upstream of tha,said Frctdedd tdecoRiingorbli leldigl € 13, t M daine gas

| h f
devoi d of any PGS LEatiUNEEE Sonach (€03 CHaERaGR oI Hhie Haddidh . °
buf f er ca@Rs t ysporespivelyd dadwangleanthe sPBYR)| npxsbanger. amin

fcolnlcluit \Aheregtataa/mmrﬂaaa bk&ﬁah&e%omt£dmeféﬂs 'f?j:zor@:??aét?ﬂn
 fol l owi ng two positjon siream of said purification
- devi ce; g é the’'1iquid phasge from gﬁ‘?tﬁ?@ﬁ%‘{ﬁ’%tqﬁﬁm of tﬁe catal ytic

react or . 6. leceaecmozgling) tol @ine 0F clabtwmeirl il:b 154.

(pnoludes al | GARrdify ERNSoBEr8LbACIAON cne WYLE" separdticy 8Rd  the
~internedi ate nmegns of co I|n rran ant accordln to

P
. one of clains EPEaﬁrXt %aéas%nsﬂe%\e tPRLR 5 GPndudts aFe
- cooling is a coumbedgby chéafget that gesecbndaryg eyashatbgeraldowedOto

| gas/ cool a% fldiCasXERaNESin conduit only if the said separator is in
a production stage.

16. Process acgo;d_ipg to one of claims 1 to 15,
wherein the flow rate of secondary gas reaching the
main conduit is controlled by the use of a calibrated
15 orifice (17).
17. Process according to one of claims 1 to 16,
wherein the said r-éducing gas is a hydrocarbon of
formula CxHy and in that at least one additional
operation of purification of at least one of the gases
20 of the group consisting of CO and'coz is carried out at

a point of the main conduit situated downstream of the
catalytic reactor.

ils8. Plant for generating an nitrogen-based gas
suitable especially for making use of the process

25 according to one of claims 1 to 17, including in
succession along a main conduit: '

- a source (3)'pf impure nitrogen under pressure
contaihing a residual oxygen concentration;
- a catalytic deoxygenation reactor (5);

30 -~ a device for purifying from all or part of the
water vapor present in a gas, including at least one
means (6, 7, 14, 15) for cooling a gas and at least one
means (8, 18) for extracting all or part of the liquid
water phase present in a gas;

35 - and a secondary gas line (2) connected in its
upstream part to a source (4) of secondary gas
including at least one of the reducing gases from the
group consisting of hydrogen and hydrocarbons and, in

AR




21. ° Plant according to claim 20, wherein said purification
devi ce includes in succession a plate exchanger, ' T N
exchanger and a means ‘for extracting the |iquid FPENGRMENT SHERT

a gas. 25 22. Pl ant according to one of clains 1; toqg}, JUN'EBEre'.
sai d secondary conduit connecting a sour cg of secqnBaey—fas to the -
conduit is provided with a cal i brated %rlflce.

10

15

20

25

its downstream part, to the main conduit, at a point
situated upstream of the catalytic reactor,
wherein the part of the main conduit situated

upstream of the said point of the main conduit where
the secondary gas line is connected and downstream of
the source of impure nitrogen is devoid of any flow
control device, and wherein the plant includes a buffer
capacity (9) situated downstream of said point of the
main conduit where the secondary gas line is connected,
in one of the following two positions:

~ downstream of said purification device; or

- at a point situated upstream of the catalytic
reactor.

19. Plant according to «claim 18, wherein it

includes at least two means of extraction, between

which an intermediate means of cooling is arranged.
20. Plant according to one of claims 17 to 19,
wherein at least one of the said wmeans of cooling is a

gas/gas exchanger or a gas/liquid exchanger or a
gas/coolant fluid exchanger.

21. Plant according to claim 20, wherein said

purification device includes in succession a plate
exchanger, a gas/coolant fluid exchanger and a means

- for extracting the liquid water phase present in a gas.

22. ‘Plant according to one of claims 17 to 21,

. wherein said secondary conduit connecting a source of

secondary gas to the wain conduit is provided with a

‘calibrated orifice.
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