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PROCESS AND DEVICE FOR THE PRODUCTION OF ULTRA­

PURE INERT GAS 

The present in:vention ~late~ ~o .the . field of 
. producing high-pur:1tY inert:. gases frq~ ai:r:. · · ·· 

High-purity ine~ gases find applications in many 
sectors of industry, and in particular in th~ elect:ro;i.ics 

s sector, either in the liquid or gas state •. . . 
Customari~y, high-purity inert .fluids, su~h as 

nitrogen or argon, a~e .produced by c;yogenically 
"distilling ambient air so as to produce a vari~ble-purity· 
.inert fluid, . and .subsequently. purifying the ... :~aid inert 

10 fluid in o;-der to remove the ~sidua~. i~puriti_es .. f~om·· it, 
for e~mple hy:dr~en ("2), carbon mQ:noxide·. (CO) ·.and . .· . . 
_trac~s of· oxygen _(03) , and-_ thus to_ obtain a .b,igh-purity 
inert· fluid, t~t is to say .one.which·contains ·less t~n 
a few ppb (part:.s p_er ~illion ·b~ veilu_me) _of impurities. 

15 customarily, the subsequ.e~t purification ~f the . . . 
inert flui4 produce4 by c~enic d~stillation is carried 
out by adsorbing the residual impu;i:ities on a· plurality 
of typeEt of adsorbent materials., ·for example gette.rs, 
zeplites and porous metal -oxides. 

20 Fui:thermore, it i~·also known to subject the_ air 
to be ~istilled t;o a ~x-etreatment •. be~ore :m,a.king it 
undergo the cryogenic distilla~ion mentioned above~ 

. . ' . 
In gen~ral, the air is pretreated by catalyti-. . 

cally oxidizing some of the oxidizable· impurities 
25 contained in air, for example carbon monoxide (CO) and 

hydrogen (H2 ), so as to conver~ these oxidizable. species 
.. into carbon dioxide (C02 )_ and ~ater (H20)_; the ·carbon 

dioxide and the water are. removed in order to "prevent 
them . from causing clogging ·within ·the · · cryogenic 

30 distillation columns. 
The oxidation catalysts used for this purpose 

generally consist of a metal, for example platinum. or 
palladium, deposited on a support, such as alumina. 

However, this pretreatment of the air presents 
35 many·limitations. 

Firstly, it is 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 e~ample in particular compounds containing _halogens 

or sulphur, ari~ the oily vapours generated by the com­
pre~sion of air .. ·. 

Next,- it ~s ~ecessary to combine high-~er~ormance 

5 cryogenic dis~illat~on with thi$ pretreatment in.order to. 
produce .an oxyg~n-free .inert fluid, ·and t!lis -is done l:>Y 
increasing the ·:h~i~ht ~f the cryogenic dist1.i1at-~~n 
column or co_lu~, and. ~here:f~re · ~ntails a signi,fic~t 

inc~e~se in.investme~t-and therefor~ the overall cost" of 
l.O the 1n~rt_: £1~_id ·prod~c.~d in t.his . way. 

-: : P_urt~~rmoz-e', ·the p6st-treat~ent. of the i~~rt 
flu.id pJ;"od~C?•d .·_by : cryog~nic distillat-io~ ·. is not- ideal 
eithe~,: sine_e···it requires the use of purification. de~.ic~s 
qr -~urifi~rs. which·· are. often expensive. -and sometimes 

lS unsuitable for effj,.cient. purif~cation with r~spect to 
c~rtain impurities,· for example·i~ particular hydrogen, 
which is diffic~lt . "to remove because it. r~presents a 

relatively short penetration time, and therefore ~e~ire 
frequent regenerations of the adsorbent bed· at high 

20 temperatures (of the ~rder of 200°C)~. 
Several documents in the prior -art describe 

processes of this· tyPe ·for pre~reating and/~r po.st­

treating air arid/or poet-treat_ing the inert fluid which 
is produced, for example in partiC!ular the documents 

25 EP-A-02402-70, EP-A-0197717., EP~A-0438282 or EP-A-OGOG081. 
. . 

The object of t_he present invention is _theref;ore 
to provide a·proce~s an~ a device which make it possible 
"to produce a high~purity inert fluid, for example nitro­

gen ·or argon, and can be used ·.for the purposes ·of 

30 elec~ron_ice, whi_ch process and !=l~vice do not have th~ 
drawba.qks of the pri~r art devices, permit effective 
removal, in particular of impurities such as hydrogen, 

have reasonable costs and are easy to employ on an 
industrial scale. 

3 5. The present invention therefore relates to a 
process for preparing a high-purity inert gas from air, 
comprising 

a) 

b) 

the successive steps of: 
cryogenically distilling compressed air, 

~ecovering ~n i.mpure inert fluid contain-
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~~g hydrogen· ·impurities (H2 ) .·and res;du.al impu~ities, 
. . . c>'"" ·. . ad.s'orb:i:'ng-·_at -. "1e~s-e .. some ... 0£::-th~·,,._:re~"id.~1 

..... impurities · con~ained: in ·the:. said .:;tmpurt inefti fluid. 'by - . . . . . 

means of· at least 'one··. bed: of. at least one adsorbent, .. • • , • ··• • • .. I.:; • .• • 

.. d) . recovering an . intermediate i~ert fluid 
· ·conta.ini~g· hyd~gen · impti:ritie~,:: ;, .. , · 

5 

e) ~emoving. the pydrQgen:1.mpurities.contained .. 
in the eaid·in~e~edia~e:Lnert fluid,_ by peimeation~ 

£) · recov~riilg a .. high-pV.J;:it:Y · iiie~ ·.-fluid in 
10 . the ga• state .. ·· · :··. ·., ,. \' · ·. · · · .. c: · · · ·· ·.· H·': : '" <,·:o. ': · 

· · ·.· · · Depe~ding' o~ .. _tge .. ;~rtic:Ul.~r .. situation,. the: 
' • • • • ' ; "~ ·-~·."· ••• • • ' '':,o • • ' • •·;·".'. • • • • • • • ' .... -. r 

· pr09es$ · ·of the: invention..··may cC>mprise on~ or more o~ thQ 
. · ~ollowi~~ cliar~cteristib"s :· :· · .· 

·~ it fu;rthermore .inol~des the ·recovery .. ~f a. p.er-
1s · meat ion: gas mixtu.re e.ontain~ng the .. sa,id . iQert. gas a~d . . . . . 

hy~rogen_;· 

··:-:; .. \'OPJ 
····•:;,...;.··~-·. 

. - the pe~e~t?iozt .~as -.~xtu~ c;one·~i.ns. les.s ··~ha.Ii .- .,::· 
lOt of h~ogen, .and. in g~~eral les .. s than it of. hydrogen, 
which · corresponds to ~sUbsta:~tially · all, of .the hydrogen 

· 20 original:J,y oonta~ned i~ the iiit;e~edi~te inert fluid., .the. 
remainder· bein~ essent;aliy . the said iner~ . ga"s; 

~ the permeation gas mixture is stored; 
- it furthermore includes regeneration of at 

least one bed of . adsorbent by means of the permeat::ion gas 
25 mixture; · 

prior . to the · said regeneration, .· ~ ·hydrogen 
complement is added~ where approp_~iate, t~ the -~erme~tion · 
gas mixture S<;I as tO Obtain · a regeneration ·mixture 
containing"from.1 to·st of h~e~. the re~in:der bei~g 

30 esse.ntially t_he ~aict inert gas·; 
- it ·includes, prior to step e), at. l~ast one 

step of heating and/or vaporizing the· inert flµid con­
taining -~ydrogen ,_impurities; 

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

the adsorbent material is selected from 
exchanged or unexchanged natural or synthetic 2eolites or 
porous metal oxides; 

the inert gas is. chosen from argon and 
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nitr<>gen ... 
·The invention also relates ·to a device for 

preparing a high-purity · iilert gas · from ambient: air, . . . . 
comprising: 

s ~ ~~ans· for compressing ambient air, 
me.ans fQr cryogenic:ally · distilli,.ng the 

coinpress~d· air, including at least .on~ cryogenic distil-·· · 
~at;:ion column, 

- me~s for recove~i~g at least on~ .impure ·inert 
10 fluid. c~ntaining .hydrogen . i~~rities (H2 ) and residual 

impurii;.ies, · 
. - mea.us.for adsqrbing a~ least some of the said 

residual.impurities, comprising at least· on~ ad$orber, 
. .· ~ means for · reo0vering an intermedia'te inert 

15 ~luid. con~aining hydrogen imp~~ities.~ · 
· . .-. permeation means colt\pri~·:Jing at l_east one module 

for permeat.ing" the said_ ihtermediate". ~nert fluid c_ontai.n-
ing hydrogen i~puri ties,· · 

- and means for ·recovering.a high-purity inert . . . . . . . 
20 gas. 

Depending on the , particul.ar case, the device of 
the invention may. comprise one "or. ·mo~e of . the. following 
characteristics:. 

- the permeation ·means .. comp~ise a plurality o~ 
25 membrane modules. inserted into.a chamber.- whose tempera­

ture may be regulated; 

30 

- the permeate outlet of the peXlUeation means is 
connected to ~t ·1east _one ~chine selected from vacuum 
pumps_ and.comp~seors. It is ·thue possible. to subject the 
permeate side of the membrane modules. ·to a partial 
vacuum; 

- the adsorption ·means comprise at least two 
adsorbers operating in p~rallel; 

- it furthermore includes means for recovering a 
35 permeation gas mixture containing, o:r formed by, the 

permeated fraction of the said inert gas and substan· 
tially all of ~he hydrogen contained initially in the 
intermediate inert fluid. The hydrogen concentration in 
the permeation _gas mixtur.e i~ less than 10%. and in 
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general less than or equal to about 1t.· 

The i~v.ent~on: furthermore · ·J;elates · . to a 
regeneration ·gas·· .mixture including from 1 to 5% of 
hydrogen :-a.nd. an. "inert gas, the said gas' mixt~re bei.ng 

s c~pable of b~ing obtained by the procee"s ··m~tioned. ab~~e: 
. . The ·invention , will now · be · describ~d i~ . ~re 

detail with. the ~id of two .embodi_ments_ .. whJ.C:~ a.re given by 

·way. of illust.rati~ri. bti.~ -without.;:~mplyins-· ·any limi.tat~o~-. , 
and with reference to the· appended Fi~s 1 and 2 ·. . · .. 

10 . ;igure. ·. :.. r¢'presents; a . ~irst.' e~dime~t .. ~f. a 

device ·for i:»rodu~i~g an·. ult~a~pur~ i~er~: fl.u~d ; from 
ambient air··, ·che inert fl'1id being .nit.regen :in this case. 

. ~ient .. air .is . comp~essed. by .comp're~Qion me~~. 
(not shown) and then se~t to a pretrea~ment ·zone (not 

15 shown) in · which the ·air is · dried .. and d¢carbonated in 
. . 

order to re~oye . the . cpntami~~t_s su~. as C02 and H20 

therefrom. 
The dried ~d decarbo~ated_compressed.air is then 

sent to an air · separ~ti~~ unit 1 · compr_ising one or more 

20 heat exchcµigers, 8,nd one .or more· cryogenic:- di-stillat:.ion 
colu.\\Uls; iO:. whi,ch ·unit it. is f~q.ct·ionated. . 

. . . . .. . ... 
At. the outle~ . of the . air sep~r~tion . uni_t I . an 

impure inert fluid is recovered, here nitroge~, in the 
liquid or gas state. 

25 The impure cryogenic nitrogen produced in this . . . . . 
way contains from a ·few ppm (parts per million·hy volume) 
to a f.ew tens of i;>pm o~ impur~_tief!I. 

It should be emphasized that the ability to make 
do with produci~g i~ure :nitrogen is •"very advan-tage~us . . . . 

30 economically, given.that this makes it possible to reduce 

35· 

considerably the- he~ght of packing inside_tbe. cryogenic 
distillation column or -columns 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 (02 ) 

and carbon monoxide (CO), and hydrogen impurities (H2 ), 

which were initially present in the ambient air. 
The impp.re nit:rog~n produced in this way will 



- 6 -

then be subjected to a·p~st~treatment by adsorption in a·' 
purifi~ati~n. zon&' · 3 includin~ t:~o adsorbers 3a · and 3b 
Qperating. i.n parallel I t~t iS .tO say \'.lhen t~e ·adsorber-

. ·3a . is· 'in ,the ·purif iC:ation ·p~ase ,· the· adsorber 3b is : in · 
s the :regerie:ration._phase, and :vice· ve:rsa . 

. Each· of, these adsorb~rs · Ja ~nd 3b: contains one or 

. . 
mo~ be~ Q~ an ad~orbent mak~ng it ~o~sib~e to remove 
the residual impurities contai~ed i~ the impur.e nitrogen, 
in particuiar. carbon mo.~~rlde ·(co) · · ~d. ~g~~ (02 .> ~ so 

10 chat ·1ntermediate-purity. ni-t-rogen or "intermediate• 
nitro~en . -can be. re_cover~d ~t . th~- outl~~ . Qf the . s~id 
puri.ticat·ion. zone 3, that ·is· .·ta say nitrogen which 

essent".ia~ly ·a~ntains ·hydr9gen .itnp~rities · (H3 ) ... · 

·The removal of the · impuriti.es co· and 0 2 · may be 

15 C!arrie~ out in the liquid and/or g~s state~ _for example, 
by means of an. adsorbent such . as . a porous. metal oxide' 

. . . . . . . 

for example an activated hopcalit:e, or any other suitable 

adsorbent~ 

The intermed~ate nitrogen containing hydrogen 

20 impurities is recovered at the outlet O~· the purification 
zon~ 3 _by · recovery me~ns 4, and- is option~lly heated 

and/or vaporized in one or more·heat exchaiigers s before 
being introduced ·into a permeation zone.6 including ·at 

least one·, and preferably a plurality of, . permeation 

25 modules 6a and 6b, for exampl~. membrane modules inserted 
·into· a chamber whose temperature is regulated, for 

examp~e. kept . ~t a temperature of from soc to Go 0 c, 
preferably of th~ o~er of 40°c. 

At che retentate outlet, the recovery means 7 

30 convey a flow of high-purity nitrogen, that is to say 
con~aining lees Chan 1 ppb of impurities, 1:.0 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 

35 nitrogen and hydrogen, and containing in general 1ese 
than 1% of hydrogen, the remainder being essentially 
nitrogen·. 

This permeation f1ow, containing nitrogen and 
hydrogen, is supsequent~y comp~eseed by a machine 10 and 
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stored in one or mote buffer containers 11 with a view to . . 
subsequent use. 

·1n particular, this-permeation flow may be used 
to regenerate, t~t is to say·reactivate, the adsorbent 

5 beds contain~d in the. ads·o~b~rs· ~~: and 3b. 
In thi_s c~~e, .. the reg~neration of the adsorbent 

preferably takes ~laee.~n the·hot state, that is to say . . 
at·~ tempe~ature of th~ orde~ of·from_200 to 250°, in the 
presence of a reduci~g compound (hydrogen) at a level ~f 

.10 from 1 to St. 
~oweYer, ic is in.certain cases nec~ssary to add 

a -~ydrogen · comple~t. t~ the: permeati9:n flow, so _as to 
obt~in a regeneration £iow having ·a hydrogen. level in the 
a~orementioned .range; a make-up hydrogen feed 13 is 

15 provided for ·t;his .. purpose. 
· Prior to its in,trod~ct-ion to· the absorber 3a or 

3b, . the-_ regeneration fl0w. is· heated_ to the regeneration 
temperature by p~ssing ~hrough ~ he~ter ~4. 

· . The permeation flow ·stored in the container 11 
20 may also,· if· aP.propr~a~e, be sent to a.-use;r site 12 .. where 

it wi-11 .be used as. it .is,. that ·is to· say as service 
nit.rogen, which does not .. require high. purity,. for example . : . . 

as ~ purge, flushing, inerting or drying gas. 
The permeation is preferably carried out at a 

· 25 tempe;rature 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 t~e ~ermeate may, depending on 
the· partic:ular situation, be ·atmospheric pressure or a 
partial vacuum <o·.2 bar ·absolute, for example); in· this . . 

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

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

However, the permeation zene 6 represented in. 
35 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 l by 
the presence of a heat exc~anger 1.5 which makes it 
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possible ·to" c~rry out thermal transfer between the 
intermediat:e-pu:r:ity gas fl"ow before· · it · enters the 
permeation zon~ .. 6, tJ:i_~ h,igh-pu~ity ·.nitrogen flow 
re~ovei;-ed on the r~tentate side'· and the. ·permeation flow 

· s (nitrogen/hydrogen mixtur~) leaving the· said p~rmeation 
zone 6. 

This part.icular arra~gement .ha~ th,e a~:v~ntage of· 
making it. possiblf! t~» minimize· _the ene~ consumption of. . . . . 

the temperatur~ ·x.e$1.lation system. 
10 Althoug~ FiSJUre_s · 1 and ·2 -~present the device for 

producing ~igh-~u;rity nit;rogen, thee~ ~evices can also be 
used for the·· p>;Qducti9n. ·of ot;.h~r high~p\irity inert gases, 
·fo;- exami;)le, ·in particular, .argon.· 

impleme~tati~n of .. the. process of the invention 

is m.ade . it possible to . Qbtain the results collated in the 
following table. 

·TABLE 

Test No. 1 2 ·3 4 

Pressure at inlet-of 
20 perm,eation zon~ (bar 7.38 7.35 7.36 8.2.5 

abs~lute) : 

Flow rate at inlet;. Of. 

permeation zone (ml (stp) .h-1 s.02 6.00 6.00 5.02 

Permeate flow·rate. 
25 m3 (etp) (N2 /Hz) • h-.1 2.~9 l.57 1.24 l.51 

Retentate flow rate 
ml {stp) (N2) .b.-1 · 2.93 4.43 4.76 3.51 

H2 level at inlet of .. 

permeation zone (ppb) 900 900 200 4000 

30 H2 level at retentate-side 
outlet Cppb) N.D. N.D. N.D. N.O. 

Permeation temperature (OC) 50 24 25 40 

Permeation pressure (bar 
abs.) 0.65 0.80 0.40 A.P. 
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N. D. = .not qetected by the analyser marketed~- ·by the company TRACE ANALYTICAL under the reference RGA3 . 
. A~.P •. !"'. atm.ot;1phe:ric pressure. . -~ . . . 

. The ··above . table demonstrates that· the process of the 1n~ntiort. makes. it possibl~ to pr9duce · uitra--pure nit~ogen (le~~ : than· ·.s ppb of H2 ) from ·imp~re ni_trogen . . containi:ng up. -to ~.000 ppb of H2 impuz:~.~i_es, and ~or a ... '•• vari~ty. of flow-~rate. pressure and temperat~re·· 

10 

1.5 

conditions. : 
. . · · · By virtu.e o~ a well-judged combination of three dif~ereD,t eeparat.ion techniques, namely ceyogenic distil-. lation, ·purifica~ion ·by adsorption and· s_eparati.c:;n,. by pertnea_tion, -the proce~s and device of the inYention make. it pos$ible to_produce.·on the one hand, inert fluids of .vefy h~gh. ·pur~ty that can be used in partlcular· -in the field of·_· electron.ic·s, and, on the oth~~ hand, to utilize Some Of the waste gases Or permeation gas(!S Which. are . . 

customarily di~charged to the atmosphere, by recovering them_ and using them for various purposes, in particular 20 to regenerate the. adsorbents used during the phase of purif ipati~n by adsorption. 
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1. . ~~oc~ss for px-~paring a high-purity inert gas 
·· from· air~ ~omprising the successive steps of: 

a) · ·cry99enically distilling comp~~ssed air, 

s b) · recovering an impure inert fluid contain-
ing hydi;-ogen impurities <Ra> and residual impurit:.·ies, · 

c) . ·ad~~rbing at least . some of ~he residual 
inipurities contained in the said impure inert fluid by· 

·m~aDS ~f at least on:e· bed Of at least One . adsorbent I : . · 

10 d) · · . recovering ·an intermediate inert fluid 
. o~ntaining ·hydrC?g'~n impurities, 

e) removing ~he hydrogen· impurities· contained 
in the ~aid'in~ermedia~e inert .fluid by.permeation, 

f) ·recovering a high-purity inert· fluid in· 
· · 15 the gas. stat:e. 

2. Process· according to Claim 1, characterized in 
that it furthermore inclu_des the recovery of. a permeation 
gal:! mixture containing the said inert gas and byarogen. 

. . . 

3 • · ~roc~ss according to Claim. 2, characterized in 
20. that the .p~rmeation gas mixture con~~lins ·less ·than 10~ of 

hydrogen,·and prefe~ably less than about lt of hydrogen, 
the remaineder being essentially the said inert gas. 
:4 • Process according to one of Claims 2 and 3, 
characterized in that the permeatio~ gas mixture is 

25 stored. 
s . Process according to one of Claims l to 4, 
characterized in that it furthermore includes regener­
ation of at least one bed of adsorbent by means of the 

permeation gas mixture. 
3 o 6 • Process according to Claim S, characteri~ed in 

35 

that, prior to·the said regeneration, a hydrogen comple­
ment is added to the permeation gas mixture so as to 
obtain a regeneration mixture containing from 1 to 5% of 
hydrogen, the remainder being essentially the said inert 
gas. 

7. .Process according t.o Claim l. 

that it includes, prior to step e), at 

heating and/or. vaporiz~ng the inert 

characterized in 
least one step of 
fluid containing 

·~-~ 
·~-

r, 

~: 

;. -·· .­... ... 
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hydrqgen impurities. 
s. Process according to Claim 1, 

that it·include~i prior to step a), at 
drying and/o~ decarbonating the .~ir. 

s 9. . Process according· co -Claim 1, 

' 1111111 111111 111111111111 1111 ' 
*CL MS*: 

characterized in 
least one step of 

characterized· in 
chat the adsorbent material ·is selecced .from exchanged or · 

· unexchanged natural or synthetic zeolite$ or porous metal 

.oxides •. 
10. . Process according to Claim l, characterized in 

l·O ~~at the iner.t gas is ·argon or.· ~itrogen. 
11. Device for preparing ~- high-p'1rity inert gas from 

ambi~nt_air, comprising: 
. . .. · .,. means for compres$ing. atnl;>ient air, 

·..., means (1) . for cryo_ge~ically_ distilling the 
15 co~pressed air, inclu~ing at.least one cryogenic distil­

.lation ·column, 

·.means (l, 2) for recovering at least one impure 
inert fluid containing · hydrogen impurities Uta> and 
residual impurities, 

20 - means (3, .3a, 3b) for adsorbing at least some 

of the said residual impurities., co~ris;ng at ~east one 

adso~be~ {3a, 3b) , . 

- means (4) for recoyering an-inte:rme~~ate inert 
fluid containing hydrogen impu~itiee, 

· .25 -. permeation means (6, 6a, 6b,_ 6c) comprising at 
least one module fo~ permeating the said intermediate 
inert fluid containing hydrogen imp.urities,· 

- and means (7) for· recC>vering ·a high-purity 
inert gas. 

3 o 12. Device according to Claim 11, characterized in 

that the permeation means (6, 6a, 6b, ·6c) comprise a 
plurality of membrane modules (6a, 6b, 6c) inserted into 
a chamber (6) whose temperature is regulated. 
13. Device according to Claim ll, characterized in 

35 that the adsorption means {3, 3a, 3b) comprise at least 
two adsorbers (Ja, Jb) operating in parallel. 
14 . pevice according to Claim 11, characterized in 
that it furthermore includes means (9, 11) for recovering 
a permeation gas mixture cont~ining the said inert gas 

.. 
-,• 

-· 
~-= 

·"';:~ 

r.· 
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and less·tha.n 10t of hydrogen. 
15. .Device according ·to one Qf . Claims 11 and 12, 
characterized in that · ·t:he ~rmeate · ·outlet of the 
permeat~on means (E;', 6a, 6b, 6c) 1.a connected to at· 1eaet 

s one machine (10) selec·ted frc;>m vacuum pumps and 
.~otnpressors. 

16. · Regeneration gas mixture,· in!=luding. from 1 to 5%' 
of. hydr0$en and an inert gas, which_ can be obtained by 
the process according to one of Claims l to 10. 

··:· 
.1. 
.•..;.! . ~ ·, 
...... 


