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PROCESS AND DEVICE FOR THE PRODUCTION OF ULTRA-
PURE INERT GAS

The present invention relates to the .field of

. producing high-purity inert gases from air. -

High-purity inert gases find ap'pli_{:acions in many
sectors of industry, and in particular in thé electronics
sector, either in the 1iquid oxr gas state.

Customarily, high-puricy inert fluids, such as
nitrogen oxr argon, are .produced by cryogen:.cally

‘distilling ambient air so as to produce a variable-purity'
Ainert fluid .and subsequently purify:.ng the said inexrt -

fluid in order to remove the regidual. impurities from it,
for example hydrogen (H;), carbon monoxide . (CO) ‘and

- traces of oxygen (0;), and thus to obtain a high-purit:y

1nert £fluid, that ie to say one. wluch containg léas than
a few ppb (parts pér billion’ by volume) of impurit:a.es.
: Customarily, the subsequent purification of the
inert f1u1d produced by cryogenic distillation ia carried
out by adsorbing the residual impuritie_s on a plurality
of types of adsorbent materials, for example getters,
zeolites and porous metal .oxides. ' .
Furthermore, it is also known fo subject the air

" to be distilled to a pi'etreatment before making it

undergo the cryogenic dlstillation ment:.oned above _

In general, the air is pretreated by catalyti-
cally oxidizing some of the oxidizable impurities
contained in air, for example carbon monoxide (CO) and
hydrogen (H,), so0 as to convert these oxidizable_ .'species

. into carbon dioxide (CO;) and water (H,0): t:he ‘caxrbon

dioxide and the water are removed in order to prevent
them - from causing clogging within the — cryogenic -
distillation columns. _ L

The oxidation catalysts used for this puxpose
generally consist of a metal, for example platinum.or
palladium, deposited on a support, such as alumina.

'~ However, this pretreatment of the air presents
many -limitations.

Firstly, it ie known that oxidation catalysts are
greatly exposed to risks of poisoning, leading to their
progressive deactivation in the course of time due to the
various pollutants contained in the air to be treated,
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for example in particular compounds containing halogens
or sulphur, and the oily vapours generated by the com-

' pression of air.:

Next, it is necessary to combine high-performance
cryogenic distillation with this pretreatment in. order to.

produce an oxygen-free inert fluid, and this is done by

increasing the height of the cryogenic distillation
column or columns, and  therefore entails a significant
increase in investment and therefore the overall cost of
the inert fluid produced in this way. :

' Furthermore, the post-treatment of the inert
£luid produced by cryogenic distillation:is not ideal
either, since it requifes the use of purification devices
or purif iers which are often expensive .and sometimes
unsuitable for effic:.ent purification with respect to
certain impurities, for example in particular hydrogen,
which is difficult to remove because it ' represents a
relatively short penetration time, and therefore require
frequent regenerations of the adsorbent bed at “high
temperatures (of the order of 200°C).

~ Several documents in the prior -art describe
processes of this type for pretreating and/or post-
treating air and/or post-treating the inert fluid which
is produced, for example in particular the documents
EP-A-0240270, EP-A-0197717, EP-A-0438282 or EP-A-0606081.

" The objeot of the present invention is therefore
to provide a process and a device which make it possible :

to produce a high-purity inert fluid, for e:_ca.mpie nitro-

gen ‘or argon, and can be used for the purposes of
electronics, which process and device do not have the
drawbacks of the prior art devices, permit effective
removal, in particular of impurities such as hydrogen,
have reasonable costs and are easy to employ on an
industrial scale.

The present invention therefore relates to a
process for preparing a high-purity inert gas from air,
comprising the succeasive steps of:

a) cryogenically distilling compressed air,

b) recovering an impure inert fluid contain-
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ing hydrogen impurities (H,) -and residual impurities,
) e " adsorbing at. least some of the res1dua1
. impurities contained in the gaid- impure inert fluid by-
means of at 1eaet one'bed. of at least oie ad50rbent, :

d) reoovering an intermediate inert fluid '
-~containing hydrogen imptirities, ' .
o - e)  removingthe hydrogen :meurities contained
in the said- intermediate inert f£luid by permeation,
B £) recovering a high-purity :.nert fluid in
the gas state._-'-_s-’--:;_ R S e “'.’11‘.:"

Depending on the particular situat:.on.. .t-he f
-process of the" invention may comprise oné or more of the

following characteriatics-
- it furthermore includes the recovery of a. per-

'meation gas mixture containing the said inert. gas and

hydrogen, :

10% of hydrogen, and in general 1ess than 1% of hydrogen,

which corresponds to substantially all of the hydrogen

originally contained in the intermediate inert fluid, the
rema:.nder being essentially the gaid inert gag; C
- the permeation gas mixture is storved;
- it furthermore includes regeneration of at

" least one bed of adsorbent by weans of the permeation gas

mixture;
- prior  to the said regeneration. a 'hydro'gén-

complement is added, where appropriate, to the permeation -
gas mixture 50 ag to obtain a regeneration mixture -
'containmg from 1 to 5% of hydrogen, the remainder being

essentially the sa:.d inert gas;

- it -includes, prior to step e), at least one

step of heating and/or vaporizing the’ inert fluid con-
taining hydrogen. impurities, '

- it includes, prior to step a). at least one
step of drying and/or decarbonating the air;

- the adsorbent material is selected from
exchanged or unexchanged natural or synthetic zeolites or
porous metal oxides;

- the _inert gas is. chosen from argon and

.= the permeation gas. mixture contains ‘less” than '
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- The invencion also relates to a device for

preparing a high-purity inert ~gas from awbient’ air,

comp:c:-:l.:sing.'~
- means- for compressing ambient air,

. = wmeans for cryogenically distilling the
compressed alr, including at 1east .one cryocgenic distil-"'

lation column,
- means for recovering at least one impure inexrt

fluid. containing hydrogen impurities (Hﬂ and residual

impuricies, : : :
- means for adsorbing at least some of the said

_residual impurities, compriSing at least one adsgorber,

- means for recovering an intermediate inert
fluid containing hydrogen impurities,

. ~ permeation means comprising at least one module
for permeating the said intermediate inert fluid contain~
ing hydrogen impurities. .

- and means for recovering a high-purity inert

gas. : _ o _ _
Depending on the. particular case. ‘the device of

" the invention may comprise one or wore of the- following
_ characteristics. '

- the permeation means comprise a plurality of
membrane modules. ingerted into. a chamber: whose tempera-
ture may be regulated; _ . B '

- the permeate outlet of the permeation means is
connected to at least one machine selected from vacuum
pumps and compressors. It is thug possible to subject the
permeate side of the membrane modules ‘to a partial
vacuum; .
- the adsorption means comprise at least two
adsorbers operating in parallel;

- it furthermoxe includes means for recovering a
permeation gas mixture containing, or formed by, the
permeated fraction of the said inert gas and substan-
tially all of the hydrogen contained initially in the
intermediate inert fluid. The hydrogen concentration in
the permeation gas mixture is less than 10%, and in
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general less than or equal to about 1%.'

The invent:ion furthermore ' relates - .to a
regeneration -gas mixture including from 1 to 5% of
hydrogen - and an. ‘inert gas, the said gas mixture béing
capable of being obtained by the process ment:ioned above.

The invention .will now -be - described in more
detail with the aid of two embodiments .which arxe given by

‘way of illust.ration but without"impliin‘g"a!iy limitation, - .

and With reference to the- appended Figures 1 and 2._ e
Figure 1 repreaents a ‘first embodiment of a -

device ‘for producing an ‘ultra-pure inert fluid :from S

ambient air, ‘the inert fluid being nitrogen in this case.

Ambient ‘air is ocmpressed by compress:.on means'
(not shown) and then sent to a pretreatment ‘Zone (not'
shown) in’ which the "air is dried "and d¢carbonated in
order to remove the. contaminants such as CO2 and H,0
therefrom.

The dried and decarbonated compreseed air is then
sent to an air separat::.on unit: 1 comprising one or more
heat exchangere and one or more cxyogenic distillac:.on
columns, in. which unit it is fractionated

At the outlet of the air separation unit,. an
impure inert £luid is recovered here nitrogen, in the
11qu:|.d or gas state. o

The impure cryogenic nitrogen produced in this
way contains from a few ppm (parts per million by volume)
to a few tens of ppm of impurities. _

It should be emphasized that t:he abilit:y to make
do with producing impure nitrogen is very advan-t:ageous
economically, given. that this makes it possible to reduce
considerably the height of packing inside the cryogenic
distillation column or -golumns in comparison, for
example, with the production of nitrogen having higher
purity. '

The impure nitrogen produced in this way gen-
erally contains residual impurities such as oxygen (O,)
and carbon monoxide (CO), and hydrogen impurities (H,),
which were initially present in the ambient air.

The impure nitrogen produced in this way will
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then be subjected to a poetftre'altment by adeorption in a -~
purification zone 3 including two adeorbers 3a and 3b

... operating in parallel, that is to say when the -adsorber-
.3a is''in the "purific'ation ‘phase, he adsorber 3b is’ in:_'

the regeneration phaee, and vice versa. .
'~ _Each of these adsorbers 3a and 3b° conta:.ns one or

' more beds of an adsorbent making it possgible to remove

the residual impurities contained :Ln the impure nltrogen.
in particular carbon monoxide (CO) "and. oxygen {0;), so
that intemediate-purity nitrogen or "intermedlate“'
nitrogen can be. recovered at the. outlet of the said

"purification zone 3, that ‘is ‘to say nitrogen which

essentially contains hydrogen impuritiea (H,) .

‘The removal of the impurities CO' and O; may ‘be
earr:.ed out in the liquid and/or gas etate, for example,
by means of an adsorbent such as.a porous metal oxide,
for example an activated hopcalite, or any other guitable
adsorbent. .

The intermediate n:.trogen contain:.ng hydrogen
impurities is recovered at the outlet: of the purification
zone 3 by recovery means 4, and. is optionally heated
and/ox vaporized in one or moxe heat exchangers S5 before
being introduced into a permeation zone.6 including at
least one, and preferably a plurality of, permeation
modules 6a and 6b, for example membrane modules inserted

‘into’ a chamber whose temperature is regulated, for

example kept -"et a temperature of from 5°C to 60°C,
prefer.ébly of the order of 40°C.

' At the retentate outlet, the recovery means 7
convey a flow of high-purity nitrogen, that is to say
containing less than 1 ppb of impurities, to a site 8
where it is used or stored.

At the permeate outlet 9, furthermore, a
permeation flow is recovered consisting of a mixture of
nitrogen and hydrogen, and containing in general less
than 1% of hydrogen, the remainder being essentially
nitrogen.

This permeation flow, containing nitrogen and
hydrogen, is eupsequent]:y compxessed by a machine 10 and
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stored in one or more buffer containers 11 with a view to
subsequent use. ‘ '

"In particular, this permeation £low may be used
to regenerate. that is to say reactivate, the adsorbent
beds contained in the adsorbers 3a and 3b.

In thie case, . the regeneracion of the adsorbent
preferably takes place in the hot state, that is to say
at a temperature of the order of from 200 to 250°, in the
presence of a reducing compound (hydrogen) at a level of
from 1 to 5%.

_ However, it is in certain cases necessary to add
a hydrogen complement to the! permeation flow, so as to
obtain a regeneration'roW'haQing'a hydrogen level in the
aforementioned range; a make-up hyarogen feed 13 is
provided for thie ‘purpose.

~ Prior to its introduction to the absorber 3a or
3b,.the_regeneration flow ig heated_to the regeneration
temperature by passing through a heater 14. .

* . The permeation flow stored in the container 11
may also, if: appropriate be sent to a-user site'lz whexre
it will be used as it is,. that is to- say as -erv1ce
nitrogen. which does not. require high’ purity, “for example
as a purge, flushing, inerting or drying gas. _

' The permeation is preferably carried out at a
temperature of the order of 40°C. and at a pressure of
from 5 to 10 bar at. the inlet of the modules.

The pressure of the permeate may, depending on
the  particular situation,fbeZatmospheric pressure or a

"partial wvacuum (032 bar absolute, for example); in this

case, the machine 10 is then a vacuum pump or a wvacuum
pump feeding a compressor placed downstream.

Figure 2 is similar to Figure 1, and the common
parts have the same references.

However, the permeation zone 6 represented in
Figure 2 includes, in this case, not 2 but 3 permeation
modules arranged in parallel, which makes it possible to
increase .the production rate.

Furthermore, Figure 2 differs from Figure 1 by
the presence of a heat exchanger 15 which makes it
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possible ‘to carxy but':thermal transfer between the
intermediate-purity gas flow before ' it ‘enters the
permeation zone .6, the hxgh-purity ‘nitrogen. flow

' recovered on the retentate side, and the permeation flow

(nitrogen/hydrogen mixture) 1eaving the said permeation
zone 6. , .

This particular arrangement has the advantage of:
waking it poas;ble to minimzze the energy consumption of
the temperature regulation system.

' Although Figures 1 and 2 represent the dev;ce for _
producing”high-purity'nitrogen, these devicea can also be
used for the préduction of other high-purity inert gases,

.for example, in pertieular, axgon.

Impleﬁentation offthe'procese of the invention
made it possible to cbtain the results collated in the
following table. _ R

T TABLE

Test No. = 1 | 2} 3 | 4
Pressure at inlet: of
permeation zone (bar . | 7.38)7.357) 7.36 | 8.25
‘absolute) ' '
Flow rate at inlet of
permeation zone (m®(stp).h™? 5.02 | 6.00 | 6.00 | 5.02
Permeate flow rate - ' . _
m’ (stp) (N,/1,) .h2 o 2.09{1.57|1,2¢ |1.51
Retentate flow rate
w*{stp) () .h*" . 2.93(4.43 | 4.76 | 3.51
H2 level at inlet of
pexrmeation zone (ppb) 200 900 200 | 4000
H2 level at retentate-gide
outlet (ppb) N.D. { N.D. | N.D. | N.D.
Permeation temperature (°C) 50 24 25 40
Permeation pressure (bar
abs.) 0.65}] 0.80 ) 0.40 } A.P.
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N.D. = not detected by the analyser marke"ted":'bir )
the company 'i_‘RACE ANALYTICAL under the reference RGA3.
AP, = atmospheric pressure. . o :

o Thé "a_b_oire .téble demonstrates that: the process of

the _invention makes it possible to produce ultra-pure

nitrogen (less ‘than 'S ppb of H,) from impure nitrogen
containing up to 4000 ppb of '_H, imp'uz:;_.'t_i_es,f and for a

" variety - of flow-rate, pressure and temperature
S donditi'ong._j S - ..

" By virtie of a well-judg"'ed cbutbinétion_ of three

:d'i"ffere'n_t separation techniques, ‘namely cryogenic di_stil-~.

lation, -purification -by adsorption and separation by
permeation, -the process and device of the invention ti!a;ke :
it poesible to produce, on the one hand, inert fluids of
very high -pufi_.ty that can be used in particular .in the -
field of-'electroz’:ic's; and, on the other hand, to utilige
some of the waste gases or permeation gases which are
cuétomarily di_scharged to the atmosphere, by recovering
them_ and using them for various Purposes, in particular
to regenerate the adsorbents used during the phase of

purifi_catibn by adsorption. ' '
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Claims
1. Proceea for preparing a high~purity inert gas
" fxom- air, comprising the successive steps of: '
a) cryogenically distilling compressed air,
b) - © rxecovering an {mpure inert fluid contain-

ing hydrogen impuri.t:.es (H,) and residual impuxities,’
¢) . adesorbing at least some of the residual

_ .impufities contained in the said impure inert fluid by -_
_ -means of at least one bed of at least one ‘adsorbent:, '

10

d) ' . recovering an 1ntermed:.ate mert flﬁid

) containing hydrogen impurities,

e) yemoving the hydrogen impurities’ contained
in the said’ intermediat;e inert fluid by permeation,

f) ‘recovering a high-purity inert  £luid in’
_the gas state.

2, Process’ accord:.ng to Claim 1, characterized in
that it furthermore includes the recoverf of a permeatioo
gas mixture containing the said inert gas and hydrogen.
3. Process according to Cldim 2, cheracterized in

that the permeat:Lon gas mixture contains less than 10% of
- hydrogen, and preferably less than about 1% of hydrogen,

the remaineder being essentially the said inert gas.

4. Process according to one of Claims 2 and 3,
characterized in that the permeation gas mixture is
stored. :

5. Process according to one of Claime 1 to 4,
‘characterized in that it furthermore includes regener-

ation of at least one bed of adsorbent by means of the
permeation gas mixture. ,

6. Process according to Claim 5, characterized in
that, prior to the said regeneration, a hydrogen comple-
ment is added to the permeation gas mixture so as to
obtain a regeneration wmixture containing from 1 to S% of
hydrogen, the remainder being essentially the said inert
gas.

7. Process according to Claim 1, characterized in
that it includes, prior to step e}, at least one step of
heating and/or vaporizing the inert fluid containing

nt e
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hydrogen impurities. . _
8. Procéss according to Claim 1, characterized in

that it includes, prior to step a), at least one step of

drying and/or decarbonatlng the air,

5. . Process according to Claim 1, characterized in

that the adsorbent material is selected from exchanged or
'unexchanged.nacural or synthetic zeolites or porous metal

oxides. .

_10.{ Process according to claim'i, characterized in

that the inert gas is ‘argon or’ n;trogen
11. - Device for preparing a higli-purity inert gas from
ambzent air, comprising:
' - means for compresaing ambient air,

- means (1) for cryogenically distilling the
compressed air, including at .least one cryogenic distil-

- lation column,

- . means (1, 2) for recovering at least one impure
inext fluid containing hydrogen impurities (H,) and

residual impurlties,
- means (3, .3a, 3b) for adsorbing at least aome

'of the said residual impurities, compr;slng at 1east one
~adsorber (3a, 3b),

- means (4) for recovering an intermedlate inert

~fluid conta;nlng hydrogen impurities,

- permeation means (6, 6éa, 6éb, 6c) comprising at

. least one module for permeating the said intermediate

inert fluld containing hydrogen 1mpurities,

- and means (7) for recovering a high-purity
inert gas. :
12. - Device according to Claim 11, characterized in
that the permeation means (6, 6a, 6b, 6c) comprise a
plurality of membrane wmodules (6a, 6b, 6c¢) inserted into
a chamber (6) whose temperature is regulated.
13. Device according to Claim 11, characterized in
that the adsorption means (3, 3a, 3b) comprise at least
two adsorbers (3a, 3b) operating in parallel.
14. Device according to Claim 11, characterized in
that it furthermore includes means (9, 11) for recovering
a permeation gas mixturc containing the said inert gas

gt ot
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and leas than 10% of hydrogen.

1s. Device according to one of Claims 11 and 12,
characterized in that  the pgrmeat:e outlet_ of the
permeation means (6, 6a, 6b, 6c) ia connected to at least
ocne machine (10) selected f‘rém vacuum pumps and
compressors. '

6. Regeneration gas mixture. including from 1 to 5%
of hydrogen and an inerc gas, which can be obtained by
the process according to one of c1.ain_xs 1 to 1lo0.



