"Process and device for the preparation of a cryogenic fluid in ethistgh
spurity liquid state" The present invention relates to the field of the
preparation of a cryogenic fluid in the high purity liquid state, in
particular liquid helium Iiquid argon-on kiquid nitrogen of high purity,
that is to say free 5 from at

| east one of its inpurities, especially of
t he hydrogen, carbon nonoxi de or oxygen type. Mdre particulaply, the

i nvention rel ates tbtPrecesprandndevice for phecRXeRRTBRYCRNT cRs for the
preparation of a gryegenié tiuid in the Righ purity lfguidustatedte, in
particular liquid heltum liquid argon or liquid nitrogen of high purity.
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for the pur osg SF &nal ySI'S" or research, require liquid nitrogen of high
“purity. Dependihy§regenhe cazpiane ANGKideOF UL ¥ RYen nust be
appreciably free fromord pagestulapky,othe timventior i eelategsr bgemn
oxygen or carbon nonoxide. 25 t.hgr ds' geviit@eP Gy t iy of

i npurities pr es‘é‘?ﬁrq"r?“ﬁé' I i:i’gi d“Be rgﬁle:%ergruggtg n%@aexceev& a few E&P) (parts
per thousand nipréparasicm| ofe)a IHURIINES §&b‘ﬁrdasill‘|y(§’5geh gh ‘b‘cﬁ%’
monoxi de caly bel{@smedti’lsem mepfa'rummﬁ- diiefuiild efél_dmufj,_r mqffm ;ﬁlrgor_ll_
gaseous ni troge resu n r yogenic distillation. To
this end, purﬁg’?inpa@'r‘gi nﬁ;)é%gggeggnh&gé §Pr‘f%§5!y been proposed, for

exanpl e, in US patent Noiquidcorsamsemws cnikrogendis inaklvspreRaredoyed
by by cryogenic d_iétillation of air, which distillation is
performed in a cold box containing one or more
distillation columns. The nitrogen thus obtained is of

a purity which is | sufficient for most of its
applications. However, some activity sectors, such as

‘the electronics industry, in particular the manufacture
of semiconductors

15

or of other components, or the
pharmaceuticals industry, for the ptirpose of analysis
or research, require liquid nitrogen‘ of high purity.
Depending on the application, the 1liquid nitrogen must
be appreciably £free from at least one of its
impurities: hydrogen, oxygen or carbon monoxide.

In other words, the proportion of impurities
present in the liquid nitrogen must not exceed a few
ppb (parts per thousand million by volume).

Impurities such as hydrogen or carbon monoxide
can be removed from the air to be distilled or from the

30 gaseous nitrogen 7resulting from the
distillation. .
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25

cryogenic

To this end, purification processes have
already been proposed, for example, in US pdtent No.
4,869,883, where the said- impurities are removed by
oxidation by reaction with a sufficient quantity of
oxygen 'in the presence of a catalyst, to give -water and

carbon dioxide, which are subsequently removed by
adsorption. "
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35 oxi dati on by reaction with a sufficient quantity of 'oxygen inthe
:presence of a catalyst, to give water and carbon di oxi de, which are
subsequently renoved by adsorption. -2- Patent . application

JP- A-05/ 079754, for its part, describes a process for renoving the carbon
di oxi de, water and carbon nonoxi de inpurites present in liquid nitrogen. 5

According to this Proc@%%elﬂthiQp?iibaﬂQBrﬂ s gpapnosyb7brem,an or its
distillation colum, _conveyed into an absorption colum filled with,a
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application FR;No. .93 . e I bes a process allowing liquid nitrogen to
be treated diré&& Ilﬁ'%?dlt]q?%?iﬁge%%o being purified and to obtain |iquid

ni trogen of5high puritycadrding te s&pisubprasessl | yigqeidf mitreganatis
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used in this process,is chosen fromthe group consistin f

synthetic zeol i{ERMTHL SRy oﬁgam’-falt o%esl.’t P}ﬂaggdaﬁ;%%}l S t%%{fié?gggn_
simlar prOocesssElumwermtting other cryogenic fluids in the liquid state 25

or cryogenic 'l qui dS" pg. BgePugihisehe SHENPRS N 048 DSbEUMRIsdi BUS a
argon, which can be enpl oyed espéeci a I'n e electronics industry.

. However, while pmes%oﬁlgﬁwﬁ-agallim&%s%&rogen to be treated directly

~with a view to being purified and to obtain 1liquid .

nitrogen of high purity, that is to say substantially

15 free from at least one of the impurities hydrogen,

carbon monoxide and oxygen, where the liquid nitrogen

to be purified is placed in contact with an adsorbent

permitting the adsorption of at least one of the said

impurities; the high purity ni.ﬁrogen thus produced is

20 subsequently recovered. The adsorber used in this

process is chosen from the group' consisting of natural

and synthetic zeolites and porous metal oxides. '

In addition, there are -similar processes

permitting other cryogenic fluids in the liquid state

25 or cryogenic “liquids” to be purified, such as liquid

helium or 1liquid argon, which can be g@ployed
especially in the electronics industry. _

However, while these conventional processes

make it possible to obtain high purity cryogenic

30 *“liquids”, such as high purity liquid nitrogen, helium

or argon, when they operate continuously, problems

arise when they are operated in successive stages or

cycles of purification ‘which are separated by longer or

shorter stages of ‘stoppage -of the purification device,

35 ' that is to say noncontinuously, which is generally the

case on industrial sites.

| In fact, for example, liquid nitrogen ewployed

on an industrial site can be produced directly on the

said site, as required, and .can then be used



make it possible to obtain high purity cryogenic 30 "liquids", such as
high purity liquid nitrogen, heliumor argon, when they operate
~continuously, problens arise when they are operated.in successive stages or
cycles of purification which are separate by Ionger or shorter stages of
st oppage- of thelF%£1f|c tion device S to, say nonco
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purified; such a device is_conmonly called react.or. r|f|cat|on of
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: all transferred towards a device permitting the removal
15 of the impurities present in the said liquid nitrogen
to be purified; such a device is commonly called a
reactor. The purification of the 1liquid nitrogen
therein is performed by contact with an adsorbent,
which selectively traps the impﬁrities in the nitrogen.
20 The high purity nitrogen thus obtained is next conveyed
towards its. place of use or, wmore generally, towards a
place of storage until subsequent use. The purification
stage lasts '_therefore only while the lorry is being
unloaded, (that is to say for one to several hours) and
25 ends when the unloading has been performed.

A new purification stage will therefore .take
place only when the next lorry is being unloaded, it
'being possible for this to be more or less distant in
time. Now, it has been observed that when the duration

30 of the stoppage - stage Dbetween two successive
purification stages or cycles is extended in time, a
migration of the front of the contaminants trapped by
the adsorbent pres‘ent in the reactor generally takes
place, the said migration being due to a rehéating of

35 the adsorber, following _heat' inputs into the reactor.

In other words, the longer the duration of the
stoppage stage between two successive purification
stages N and N+1 becomes in time, the greater the
quantity of contaminants encountered again downstream



~ place of storage until subsequent use. The purification stage |asts
stherefore only while the lorry is being unloaded, (that is to say for one

- to several hours) and 25 ends when the unloading has been performed. A new
purification stage will therefore take place only when the next lorry is

bei ng unl oaded, it being possible for thrs4t5 be nore or less dj stant in
time. Now, it &fistheenreastorsd Sugh whaemigmratient iafh Sbe Jfontgminant
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The -aim of the present invention is therefore

15 to propose a process and a device for the preparation

of a cryogenic fluid in the high purity liquid state,

substantially free from at least one of its impurities,

such as liquid nitrogen free from one or more of its

impurities, hydrogen, carbon monoxide and oxygen, not

20 exhibiting the disadvantages of the abovementioned

prior art. In particular, the. aim of the invention is

to provide a process and a device which make it

possible to eliminate or to minimize a migration of the

front of the contaminants trapped by the adsorbent of

25 the reactor, during the longer or shorter stages of

. stoppage separating the various successive purification

cycles, which are 1linked, for example, with the
successive unloading of lorries.

Another objective of the invention is to

30 provide a prodess and a device which are reliable with

time, that is to say which make it pdssible, on the one

hand, to avoid or to minimize the migration of the

contaminant front when the successive stages of

purification are separated- by stages of stoppage for

'35 considerable periods, for example periods which can be

up to one or several weeks, and which, on the other

hand, make it possible to obtain a cryogenic fluid in

the high purity liquid state, in particular high purity

liquid helium, nitrogen or argon, even after a large



15 to propose a process and a device for the preparation of a cryogenic
sfluid in the high purity liquid state, substantially free fromat |east one
of its inpurities, such as liquid nitrogen free fromone or nore of its

i mpurities, hydrogen, carbon nonoxi de-and oxygen, not 20 exhibiting the
di sadvantages of the abovenentioned priog art. In particular, the aim of

the invention |guhBep’ Gy dgulcRlisdiths gudigipavied v&uséweaa%%d/bﬂw&stéke
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with the conventiQpgle gl d¥ai8a WH | enReNTddid'9sfllte to be purified is
' plé.ced in contact with an adsorbent permitting the
15 adsorption of at least one of the said impurities and
the said cryogenic fluid 'is recovered in the high
purity liquid state, characterized in that cooling of
at least a proportion of the adsorbent is maintained by
means of the said cryogenic fluid in the purified
20 liquid state, for at least a part of the period of the
stoppage stage separating a purification cycle N and a
purification cycle N+1 which are successive.
- The cooling of at 1least a portion of the
adsorbent is preferably carried out by direct contact
25 with the cryogen:.c fluid in the high quallty liquid
state.
The adsorbgant is preferably cooled by immersion
in the cryogenic fluid in the high purity liquid state.
The cooling of the adsorbent is advantageously
30 maintained substantially throughout the period of the
stoppage stage separating a purificat-ion cycle N and a
_ purificat:.on cycle N+1 which are successive. '
The adsorbent is preferably chosen from- the
group consisting of natural and synthetic zeolites,
35 optionally exchanged, and porous metal oxides.
The zeolite is advantageously a mordenite or a

synthetic 2zeolite chosen from the group made up of
zeolite A, zeolite X and zeolite Y.



efficacious renmoval of the contanimants. The invention therefore consists
- of -a process 10 for the preparation of a cryogenic fluid in the high
“purity liquid state, substantially free of at |east one of the inpurities
which it contains, in which the said cryogenic fluid in the liquid state to
‘be purified is placed in contact with an-afisorbent permitting the 15
adsorption of at |east Thee z¢olihtesdial prepfierably aad zeed iteni excbangedni c
flurd is recovgied o ddifst NoAE Rt dddiUeHosba! %ﬁ%ﬁétg&b@dmﬁa& hat
cooling of at least a proportion_of the adsorbent is malntal ned means of
the said cryogbRi ©F |1iehivm head@iumedoapium gHtaontdum, 1 zing; 1o a
part of the pesiQeredf s sdppwwrge stage separating a purification cycle N
and a purification cyclg N+1 ich are_successiyve. .The _coglin of, .at
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contact 25 w chpper awyadwerfiomd in the high quality liquid state. The
adsorbent is preferabl z?él% y 4§ Si ' ClapiR3! ui e i e
hi gh purity liquid st'a%he. %g%%olﬁzﬁge%f ?ﬁgkggg%?bent 'S gd&\ﬁgnt a%ke_o{}slfg'y 30
mai nt ai ned subSdTEANEIIY EheoggrRddte Hes per pe@ldtte HEA se¥phagged: ajsh a
separating a plgdﬂ(?é:ﬁtdprgmég Yoand a purification cycle N+1 which are
successive, The a sorbe)g referably cho&en from the group consisting
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The said porous metal oxide preferably includes
a mixed copper manganese oxide such as a Hopcalite.

15 The cryogenic fluid in the 1liquid state is
preferably chosen from the group made up of 1liquid
helium, liquid argon and liquid nitrogen.

The liquid nitrogen is.preferably purified of

at least one of its impurities, - hydrogen, carbon
20 monoxide and oxygen. .

In order to obtain a removal of all the
impurities which can be present in the cryogenic fluid
in the liquid state, in particular in liquid nitrogen,
it is possible to combine zeolite and porous metal

25 oxide in two beds placed in series. Thus, a first bed
will be obtained including Hopcalite permitting, for
example, a selective removal of oxygen and carbon
monoxid_e, and a second bed including, for example, an
exchanged zeolite, permitting the removal of the

- 30 residual carbon monoxide and of hydrogen.

From an industrial viewpoint it is advantageous
to employ an adsorbent of the Hopcalite type because it
allows carbon monoxide and oxygen to be purified
simultaneously to a very -low 1level (lower than one

35 ppb). _

The invention also relates to a device for
implementing the process according to the invention,
including at least one reactor com":aining at least one
adsorbent permitting the removal of at least one of the



with at | east one netal ion chosen fromthe group made up of |ithium :
.calcium barium strontium zinc, iron, silver and copper. 5 The
zeolite is also preferably exchanged with a copper or silver ion. According
to a preferred enbodi nent of the invention the zeolite is a zeolite 5A
exchanged W|th a copper or silver ion. According to -
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at least one source of cryogenic fluid in the high

15 pur:.ty liquid state. '

The conduit for keeping cold is prefexrably

_ connected by at least one of its upstream or downstream

.ends to at least one upstream or downstream portion of
the downstream conduit.

20 According to another “mode” of the invention
the conduit for keeping cold is connected by at least
one of its upstream or downstream ends to at least one
source of cryogenic f£fluid in the high purity 1liquid
state and/or to at least one reactor.

25 The source of cryogenic £luid in the high
purity liquid state is preferably at least one storage
tank. | o

' Advantageously, at least one mechanical filter
is fitted in the dowhstream conduit between the
30 upstream and downstream ends of the conduit for keeping
cold. , o
The invention will now be described, without
any limitation being implied, in greater detail, with
reference to .the appended Figure 1, which shows a
35 device for the preparation of high- purity 1liquid
nitrogen substantially free from at least one of its
-impurities hydrogen,- carbon monoxide and oxygen, in
accordance with the invention. '



i ncluding at |east one reactor containing at |east one adsorbent permtting
.the renoval of at |east one of the -7- inpurities present in the
cryogenic fluid in the liquid state to be purified, and connected by an
upstream conduit to a source of cryogenic fluid in the liquid state to be
purified and by a downstream conduit to at85- |east one storage tank for
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reactor. 2® TRefexeneas 356 and cléndenotieyi crespecth'eelmgrthe'
purity liquid [ ra at st RIS O bank.o
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downstream coRd&XOISTet wveen the 30 upstream and downstream ends of the
conduit for keeping  Before proceeding to a purification cycle, the
part of the equipment which has been left warm between
15 two pur:.f:.cat:l.on stages, that is to say during the
. stoppage stage of the device, is purged and precooled,
namely - especially some parts of pipelines 8 and 9 and
the filter battery 4a and 4b; this purge and cooling
are performed by .operat:ing appropriate valves. Next,
20 after connection of the source 1 of liquid nitrogen to
' be purified to the upstream conduit 8, the nitrogen to
be purified is conveyed from the source 1 to the
reactor 2 via the conduit 8. The purification is
performed in the reactor 2 by adsorption of the
25 contaminants of the liquid nitrogen to be purified onto
the adsorbent 11. The high purity 1liquid nitrogen
obtained . after adsorption of the contaminants is
conveyed by the conduit 9, including an upstream
portion 9a and a downstream portion 9b, through the
30 Dbattery of mechanical filters 4a and 4b, to the storage
tank 3.

Between a purification <c¢ycle N and a
puriflcation cycle N+1 which is to follow and in order
to avoid the migration of the front of contaminants

35 adsorbed onto the adsorbent during the preceding
purification cycles (N, N-1, etc.), cooling of the
adsorbent 11 is maintained during preferably the whole
period of the stoppage stage separating the cycles N
and N+1, by means of high purity liquid nitrogen 12



cold. The invention will now be described, without any limtation being
~.nplied, in greater detail, with reference to the appended Figure 1, which
shows a 35 device for the preparation of high purity liquid '
nitrogen substantially free fromat |east one of its inpurities hydrogen,
car bon nonoxi de and oxygen, in accordance 9 th the invention. -8- In

Figure 1 a reaghohifafoRkal fiof ik adedishenond] dsusganest ctiighh pheioge
hand, by neans of "an upsfream conduit to a source 1 of a.cr enic . fluid
in the Iiqui d Bikregep, #Heaxe.ckhe Hﬁ' BRI cRitEgasn Sé’°6§r%igf’r‘lédt§ﬁd,
?E thehot Eer_ htgaﬂk ?o fe safdvaggageblusiwfed@myed;i thilsi quiittcogen chehng?
roug e internmedi acy 0 owns nQu . s t QR i
filters 4a andcgﬂvﬁéﬁe%gﬁb‘(asga geqhmée‘éjﬁépﬁégr 2‘?(?#’0% gzagﬁg&t E'gy'sﬁ)l}%&g %gnk

3. 10 5 tRefrmadioes irtsulated dendt e priopsydati \éiry?n%@?lﬁéerg%tiﬁets
for high purityoidid For0a58auanY ! aARn. 180! eheraresecdedanets the
purification cycle, the part of "the eq ment whi ch has been

bet ween 15 twEtexags c k& 3t afey, . hgéﬁt PUrity s DAYEPIRY t fé&%ﬁ[&i‘]&e

3}5 ag_epor the g@éé&of S2 Puhde Gridbsl &6 cehel ehidavehgteospea dbeé yfednwrigdr t s
I pell nes

cooling. are perl'\‘a‘n 9@%&:rﬁ%‘a§éagﬁiggﬁégﬁg Sgldvéggekg;(t%f’ogg&%ﬁ?g}he
Con?regghoglégauﬁ&%mm a:tooﬂ.eld doy d immersgen t tnbdigl | pusityo niterogen
ggarce lto theesﬁééréé{]%ll’% é?gggﬁg%é%ﬁaﬁﬁé%*g%gap%%g?i%{r}aios@ tééﬁ‘lo? med
in the reactor ¥+bywhiichr pmeprsugcensgive. More precisely, the upstream
portion 10a of the conduit for keeping cold .10 is
connected to the downstream portion 9b of the
15 downstream conduit 9, which downstream portion 9b is
included between the filters 4a and 4b and the source
of high purity nitrogen, in this case the storage tank
3. Similarly, the downstream portion 10b of the conduit
10 is connected to the upstream portion 9a of the
20 downstream conduit 9, which upstream portion 9a is
included between the filters 4a and 4b and the reactor
2. .
By virtue of this device contamination of the -
high purity nitrogeh obtained during a cycle N+1 by
25 contaminants adsorbed during preceding cycles is
avoided by eliminating any risk of migration of the
adsorption fronts. ' '
In addition, it is found that no loss of free
liquid nitrogen need be suffered, insofar as the
30 nitrogen einployed for keeping the adsorbent cold will
not be sent to the atmosphere but returned towards the
storage 3 during a purification cycle N+1; the work
therefore takes plaée in a closed circuit.
However, it sometimes happens that the heat
35 inputs give rise to a partial vaporization of the
liquid nitrogen present in the adsorber, this
vaporization being proportionally greater the more
distant the cycles N and N+1 are in time. This
vaporization of 1liquid nitrogen to gaseous nitrogen



25 contamnants of the liquid nitrogen to be purified onto the adsorbent
211. The high purity liquid nitrogen obtained after adsorption of the
contam nants is conveyed by the conduit 9, including an upstream portion 9a
and a downstream portion 9b, through the 30 battery of nechanical filters
4a and 4b, to the storage tank 3. Between0 -a purification cycle N

and a puri ff&ﬁ&lea CYﬁ' eaﬁ'*‘l;iwiréasés if fehéo ﬁédshﬁeordisthln athed the
m gration of - e

front contamn 35 dsor t s bent
during the PRECERLRg ART i tBaPATR es® ( NOVRFT: get%EI ?hcog?‘ﬁ%ijo t he
adsorbent 11 ji$qoadnt ainedgdar i prepeiter ainy the m&perlﬁdrof saffety

i qur i r ogERAgBRs: o SEPRGARA Y Fophislibe IR Shel DhsRi
nlcjlf/;(r)]tggneoﬂ:glrpreswm gha?aﬁlligt ?Tl%h@g@ﬁuéme@d?ﬂ PR hat; Hfast | partial
Eeepl nggcol d 10 vma:%c%il s?tf5 é?@ réaﬁeub?hﬁ%ﬁy%MdgdesﬁF?nmé&r
di mensi oned. OWtirs FdGPRVEBE 8531 r%a%%tl"ﬁ 98V ?‘ﬁ&F’e?ﬁWé’R’c Relt PFHE
Zglo(rja?gaéflgls t%éd‘lg_erléfaegihwpttﬁri]etharﬂl Kvam\mSlJ,Zelt@ .Hhhe reactor 2 and enabl es the
the 10 adsorbent cool ‘brtb FﬂﬁgFg:J(rjlnh?{n L&%gf)mf‘{ggﬁﬁdr@%]%sggteﬁp
cont i nu?)usby Hetweacing oﬁcl thel alﬁdvallsz)qﬂ eliguighi 8 t&f@ﬁeéluc‘({bEBM}e t'—1l’®re
preCLoel | hasisER BOECepinityriof ey GO ks Fapeleetl ibembshid, s
9, whi ch downskf REEPBPRYYN YB3 }‘Pnaqmﬁ-boeﬁ%e‘?ﬁ?ﬂ%nﬁﬁ:?ﬁa iha and 4b
and the source of hi ghrTRUE Qeviidd Cbso imaked Ltcasessiblet toagielankas.
Simrlarly, themlcligt\l/mgtsr %%rgé) %]Eé Oghcleogd%ortb%entc Ogg&e{ieratlon stages. In
15 other words, it will be necessary to carry out a
regeneration of the adsorbent only after a relatively
long period of use (for example several months) or
alternately, in the case of purification cycles which
are closer together, this regeneration may take place
20 only after purification of large quantities of liquid
nitrogen, for example several hundred tons.

Such a regeneration stage will preferably
intervene only after a purification of a given quantity
of liquid nitrogen. Draining of the reactor 2 will then

25 be carried out, followed by blowing the adsorbent
countercurrentwise with the aid, firstly, of nitrogen
at ambient temperaﬁure (approximately 20°) and then
with nitrogen at a. temperature of approximately 200°;
the nitrogen employed for this purpose originates from

30 the storage tank 3 and is conveyed towards an
atméspheric vaporizer 5 via a conduit 12a and then
towards a nitrogen reheater 6 via a conduit 12b before
being introduced into the reactor via a conduit 12g.
The reactivation of the .adsorbent 11 is performed with

35 the aid of a hydrogen/nitrogen gas mixture (for example
2 % H,/N,), it being possible for the source of hydrogen
7 to be, for example, one or more bottles containing
hydrogen under pressure, which are connected "to the
conduit 12¢ through the intermediacy of a conduit 13.



10 is connected to the upstreamportion 9a of the 20 downstream conduit
+9, which upstream portion 9a is included between the filters 4a and 4b
and the-reactor 2. By virtue of this device contam nation of the high
purity nitrogen obtained during a cycle N1 by 25 ‘contam nants adsorbed
during preceding cycles is avoided by el{{ipating any risk of mgration

of the adsorpti fronts. In addition, it is.fa t haj l.gss of e
liquid nitroge .eneg wbé'arlseuf?gr Jﬁfdr?%%%f é‘rnj%}ge hie'ngg tﬁﬁ rgéte:%ESen
enpl oyed for kesgnmemlatdnglsdrbettheolopnduit ndi2dhe igenadiyatied at Ydspher e

but returned towisdineipkeratent dyikl NowfeRUE f vdl 0o CYdad¥ing { Rie
work therefore takes é)%ace in a closedﬁrcwt. Ho

yever, it sonetine
happens that th&efdiekd/ N pixtyure. After ¥eagtivatigp. Sgﬁof“idf&’i’&’?t of
E) he liquid 8i trimge?oohédseﬂk blbﬁinghmiwbgmeax: arnihl entv apempatiatutre ;
eing proportiaq ). greater, t e i st t C es N .and . 1
are in tine. crhaéls%\l/%po??zaEPSn %quﬂ%ﬁﬂ%d rﬁ’ﬁ%geﬁﬁ?o égéeoﬁs? ni]ﬁ%ﬁé :
- 10 - results initwedgerraudd | het pepfermede anlni durtiacdtbebeeyahel, of

parallel, a | owghiPOr fbat {énbe¥8! £8h1bWJui d nitrogen present. in the latter.
For safety reasons, especially conpliance wth the maxinmum?5

pressure rating of the eth®phdidcess UFefeQr9ai6i Shakiafars g8implenand
gaseous nit pogeninexpenisive Ccand ctaltds \dit? poBeiblieonsdb spityntieyi detgh
order to cormdnitty taguld HifEoeth o ARy | ST oFEFPARRRC S i
wi thin the absortiee, haghopprigyuldicfuid getate| t thgtniss tpesfayr mmhtaining
less than a few ppb (parts per thousand million) of
impurities. | o
15 _ The example which follows makes it possible to
illustrate the effectiveness of the process and of the
device according to the invention.
EXAMPLE

The process according to the invention has been
20 implemented by virtue of a device similar to that
described above and applied by way of example to the
purification of lliquid nitrogen.
The liquid nitrogen to be purified is produced
off-site and then conveyed to the purification site by
25 means of a lori:'y; the source of liquid nitrogen to be
" purified in this" case is -therefoére, as above, the
lorry.
The adsorbent used, for its part, is a
Hopcalite which allows a selective removal by
30 adsorption of the 'oxygen and of the carbon monoxide
which are present in the 1liquid nitrogen to be
purified. '
" After five months of use without a regeneration
stage, which corresponds approximately to a
35 purification of about 700 tons of 1liquid nitrogen,
analyses were carried out on samples of puri-fiéd liquid
~nitrogen which were taken downstream of the reactor
with the aid of specific and conventional analysers
which have detection thresholds at. the ppb level. The -



i f hecessary, via the conduit for keeping cold 10. This device al so makes
At possible to delay as much as possible the adsorbent regeneration stages.
In 15 other words, it will be necessary to carry out a regeneration of
the adsorbent only after a relatively long erlod of use (for exarrple '
several nonths | ter tel inthe ¢ ur|f| atio h
are closer to ?ﬁ‘é}g th?g ?‘éﬁéﬁer&f‘l"&n ﬁ'g&?%[ CI'E P"bﬁ' Yaff%‘au}"g
purification afiitmogenqudnis t ioktaiiindd unamegqnarﬂuﬂtmsanptEe c&yboal
huridred tons. Qug eqs rg;:k st | f er. o]

after a purifi catélg’cc)%I %f g{? ive 8§ﬂan y%#ﬁ?‘#%%l Sﬁﬁ@#oég% Q%’ﬁ"m %X’&f
the reactor 2 QRe|PPRen 25 be carri ed out, followed by bl owi ng the

adsor bent gount ercurrepgw pggwM bgehhepggg,_bﬁbr StbY, oBEaflh! I eHEBeAL qagp_hent
tenperature aggaoxl nately 2 and'then with nitrogen at, a

t enperature of® Fb??’ﬂﬁtel’ﬁeﬁégfﬁrr] Ythéyrﬁtﬁ“@é'éff:% y&¢eRing nj the
pur pose ori gi nadssrbenm 36016hebystm§aﬁw dfanpurd £ izal lt&;ul@oniﬁﬁ% en
towards an at Egrk__ ev%q:rl er°€ {: condgt 12a. and hﬁ zl
ni trogen rehe 28 88?8‘ S HeHeRe eFWFSnt k&e
reactor via a equassiygc purﬂefxeabionatawie;af, tthe adgsddberyclidsi having

5% KoI o) | peing. b0 %ﬁﬁe%r%me*’& HoOa B G PR ©

exanpl e, one ofFbaBr BYheQ@Uads tyken MayShydr ogen under pressure, which are

connected to the conduithel 3rddéSy dindNeheNGRvIRE 38 Ohe 2iA9BHL bRl an

11 - The flow te of. en in ed into he nltro en cirgulating 1n
the conduit 12 it%fe?}? Ceres uﬁb t ek hg@“ﬁ‘-ﬁ’rc&t\ipé\NQﬁ)

produci ng the Cld.qutieti nierogén| but alsdute ﬂiéepuﬁ:ﬁ.ﬂtdaﬁldrﬂnoft her
adsor bent 15 cryogenic fluids in the 1liquid state such as, for
example, liquid argon or liquid helium. '



i s Cool ed by bI owi ng nitrogen at anbient tenperature; cooling of the
: adsorbe liquid nitrogen will be performed only during the
cycle omlmml“mﬂ"ﬁmm foll ow. The process used here is therefore sinple
and 10 i*nekpehsi¥e %and nakes it ‘possible to guarantee high purity liquid

nitrogen or any other cryogenic fluid imt¥e high purity liquid state, that

is to say containing less than a few pplClAREM8s per thousand million) of
i mpurities. 15 ' The exanpl e which follows makes it possible to

illustrate the effectlveness of the process and of  the dﬁvi ce according to
the invention. YEXAVPLE PHRSST%Cc AT ackhf di PESPRTBRéOPnBht i 8n REYCHIEBAC20

| npl ement ed by fluildieinofthe tdgicepusityl Aidqwid hatadm,cr shbetahedelayd
applied by y ex e t ri atjgn {109
oD e bY 42 oleeeBUE, bR LIBaBUT! GheApn ol | b1 9 e

en conveyed ]”tt
the purificati eendiainsy dm mwhich othe | saigd; ehyogenice Hiuidquini the

nitrogen to be jaunifd edehpet Wi s&sggﬁf&@%' oder 1ae§dabﬁyecoﬁ{esc£0w1>eh The
adsor bent used,

for_its part, Is a sel ective

removal by 30 arho%%?‘ﬂ?b@ﬁtopecxﬁbl%%nt’aﬁdaéﬁmi@&m ﬂ’énéﬁﬁ&é e h

are present i-ndfeche quaddmltur;ﬁgeirtiés banauu-.lh@ egind\f é:eyoéeuecrrmhfm qfs use
W t hout a ﬁgenerat Lon stag

e respon appr oxi, el
a 35 puri cati TP SBout ln7OOV¥{}6 S oP 9 ui (?“rﬁ’frr%gengigﬁé 53’%
carried out on chamaesevizedr ih drhdt oooodlibngr ogeran/\kﬂeasu\eaegcaltamn of

ot e o cjUle! SREASERLD e Bdp Rt Bp AN SEL N8 sata
purified cryogenic fluid in the 1iquid state for at
least a portion of the period of the stoppage -stage

15 separatlng a purification cycle N and a pur:.f:.cat:.on
cycle N+1 which are successive.

2. Process according to Claim 1, characterized in
-that the cooling of at least a portidn of the adsorbent
ig carried out by direct contact with the said

20 cryogenic fluid in the high purity liquid state.

3. Procese according to either of Claims 1 and 2,
characterized in that the adsorbent is cooled by
immersion in the said cryogenic £fluid in the high
purity liquid state. .

25 4. Process according to one of Claims 1 to 3,
characterized in that the cooling of the adsorbent is
maintained substantially throughout the period of the
stoppage stage separating a purification cycle N and a
purification cycle N+1 which are successive.

30 5. Process according to any one of Claims 1 to 4,
characterized in that the adsorbent is chosen from the
group consisting of mnatural and synthetic zeolites,
optionally exchanged, and porous metal oxides.

6. Proceas according to Claim §, characterized in
that the zeolite is a mordenite or a synthetic zeolite

chosen from the group made up of zeolite A, zeolite X
and zeolite Y.

35

7. Processis according to Claim 6, characterized in
‘that the zeolite is a zeolite exchanged with at least



- 12 - I ' - show that the high purity [liquid nitrogen

t hus ot”ﬂ'i'“"'ﬂl“ﬂf"“}lmﬁuantities of carbon nonoxi de and oxygen

cont am npants whieh @re | ower than one ppb. 5 It has been possible
to obtain these quite surprising results by systematically keeping the
adsorbent cold by neans of purified |iqu &4itrogen during the stages of
stoppage of thendeiore bEt weemethd tloomeni fronurthecgroup cpades,ug hefsai d
cycl es having n hi ey at ar er | of 4 L. _

t han or equal %gtPgﬁﬁda%?‘.l#ﬁ{eﬁp%%%j;@RéngE? %ggé'g&l'ce 0 'thnéééfrqlgelﬁ? :jl'gﬁrrcan
be applied suceBSsF@PPEMot only to the purification of liquid nitrogen but

al so to the pugificati erciedt @EcdPdifbY WLNETaikl ¥, dSchdPadt@rikeduiith
state sucgsca

S for .example, liquid argon or, |iquid helium -13- CLAIMS
I Pr GbesEhatorthe naRoLite. Ag | exchisnged ariffchi COMRRT OF FidVREgh
purity liquid domt.e, substantially 5 free fromat |east one of ‘the
Impurities whigh it co | | GOt SAkd.Cryogemn. . Ld.Lnat
liquid state t%'be purirl;fxladeéobsslss %Eglé’ggﬁ.?tﬁ g‘g%t g%glv&\‘n tng a%h%ﬁé%{#%gﬁ?gd q%
perm tting thetdddor pheonzeplitel eist anczedlihe sBAd exrphangeds wieht e
-sai d cryogeni ¢ ddgfek icr ISi1v&F0yghed ~ in  the high purity liquid
state, characterized in that cooling of at |east .a portion of the adsorbent -
i s maintai Hed By neans BFOFERS sACTRGNG bo cJ8dehi R 1 FhpFackeriged girg
state for at | adfit xperposousf mekalodxide oindébedésoppageastadhe oxide

of a transition metal.

11. '~ Process according to Claim 10, characterized in
that the said porous metal oxide includes a mixed

15 copper manganese oxide such as a Hopcalite.

12. Process according to one of Claims 1 to 11,
characterized in that the cryogenic fluid in the liquid
state is chosen from the group made up of 1liquid
helium, liquid argon and liquid 'nitrogen.

.20 13. Process according to Claim 12, characterized in
that the liquid nitrogen is purified of at least one of
its inpurities, hydrogen (H,), carbon monoxide (CO) and
oxygen (O,). '

i4. Device for implementing the process according

25 to one of Claims 1 to 13, including at least one

- reactor (2) containing at least one adsorbent (11)

permitting the zremoval of at least one of the

impurities present in a cryogenic fluid in the liquid

state to be purified, and connected by an upstream
30 conduit (8) to a source (1) of cryogenic fluid in the
liquid state to be p',tirified and by a downstream conduit
(9) to at 1least one storage tank (3) for the said
cryogenic fluid in the high purity liquid state (12),
characterized in that it includes at least one conduit
for keeping cold (10), arranged for supplying a flow of
cryogenic fluid in the high purity liquid state, to
cool at least a portion of the adsorbent during at
least a portion of the period of the stoppage stage
separating a purification cycle N a_hd a purification

35



aratin urlflcatlon cycle N and a purification cycle N+l whi ch
: are s ﬂ | il ﬂ Process according to Claiml, characterized in that
-the ¢ a portion of the adsorbent is carried out by

di rect contact W|th the said 20 cryogenic fluid in the high purity
liquid state. 3. Process according ta qigther of Cains 1 and 2,

characteri zed |n %Qg% tlE aq,&g){gﬁnt Iqu%%@gsgyvémm{ﬁéorbémtm ic

cryogenic fluid | |gh purlty
according to onefdridy Ly high puritar aexdginating ¢ Faon hétco eRAE oPRehe

adsorbent is nui sbarsed sfbsrgiigetily Ehua@whedt the paigtodpakithe Figupage
st age separating gaguri fication cycle N and a purification cycle N+1 which
are successive. s Process according to any one of Clains 1 to 4,
characterized i n16hat t hdexdser etordingoten Caimt hé, groharanherizédgiof

natural and synt h-C I al d d r&;g,%
oxi des. 6. Y ?%Iges%fegcéc%&gﬁ]gptueg zfl&n% ?ééc ar c'?gglaze I n t hat ?he
zeolite is a nor@&nileass eneyafhdtisc ypsfiveam (dla) O AIMSErep (24P

of zeolite A zeehdse toaaf 2eeldt cofe AownstrddmPCesB) a@&orubétgré&nﬂ(@lam
6, characterlzedlnthat t ef)dltelsazeollteesanged wth at |east
- 14 - one ion of ﬁ:&ee MRETFRaMPORAUT I 2 of 1ithium

cal cium. bari@m Jst ront| mavimmcaccowdingl ItmsrChaﬂimcaﬁperch&'acterlﬁ’edceiss

according to C aiypel. e’ achghheetia] Sof "Rke 1d 44 So8G0RRAAT by

with a copper or Silver 10 €Ss ac
characteri zed i nat least one of its upstream (10a) or downstream (10b)

ends to at least one source of cryogenic fluid in the
high purity liquid state and/or to at least one reactor
15 (2). , .
17. Device according to one of Claims 14 to 16,
- characterized in that the source of cryogenic fluid in
the high purity iiquid state is at least one storage
tank (3). _ . .
20 18. ‘Device according to one of Claims 14 to 17,
characterized in that at least one filter (4a, 4b) is’
fitted in the downstream conduit (9) between the
upstream (10a) and downstream (10b) ends of the conduit
(10) for keeping cold.
25



that the zeolite is a zeolite 5A exchanged with a copper or silver ion. 10
, ,10. Process according to Claim5,: characterized in that the porous

- netal oxide includes at |east one oxide of a transition nmetal. 11.

Process according to Caim 10, characterized in that the said porous netal
oxide includes a mxed 15 copper nmanganese oxi de such as a Hopcalite.

12. Process according to one of CQains 1 to 11, characterized in that
the cryogenic fluid in the liquid state is chosen fromthe group nade up of
liquid helium liquid argon and liquid ygtrogen. 20 13. Process

according to Caim 12, characterized in that the liquid nitrogen is
purified of at | east one of its inpurities, hydrogen (Herr]), carbon
nonoxi de (CO and oxygen (Jerr]). 14. Device for inplenenting the
process according 25 to one of Clains 1 to 13, including at |east one
reactor (2) containing at |east one adsorbent (11) permtting the renoval

of at | east one qf i htLheS: pre (P io flarH d in the
liquid state to bem:)él}-‘reelééirg%sa %%édlgté)n§§gt gégbér%#\é%%;&@aggfd conduit (8)
to a source (lcmfogenigefluid| imdthe highl pyaidysddmidh sf@thfrifi ed and
by a downstream conduit (9) to at |east one storage tank (3) for the said
cryogenic fluid in the high purity liquid state (12), characterized in that
it includes at |east one conduit 35 for keeping cold (10), arranged for
supplying a flow of cryogenic fluid in the high purity liquid state, to
cool at least a portion of the adsorbent during at |east a portign of.the

period of the stoppage stage separ aphggracgurification cycle N and a
purifi cation - 15 -

The invention zrelates to a process for the
preparation of a cryogenic f£fluid in the high purity
liquid state, such as liquid argon, liquid helium or
liquid nitrogen of high pﬁrity,‘ substantially free from
at least one of the impurities which it contains, in -
which the cryogenic fluid in the liquid state to be
purified is placed in contact with an adsorbent
pe_rmitting the adsorption of at least one of the said
impurities, and the said cryogenic fluid is recovered
in the high purity liquid state, characterized in that
cooling of at least a proportion of the adsorbent is
maintained by means of purified cryogénic £luid in the
liquid state during at least a part of the duration of
the stoppage stage separating a purification cycle N
and a purification cycle N+1, which are successive.

The invention also relates to a device for
‘making use of the said process.

Figure 1



cycle N+1 which are successive, the said cryogenic fluid of high purity
originating fromat |east one source of ¢cryogenic fluid in the high purity
liquid state. 5 15. Devi ce according to Claim.14, characterized in
that the conduit (10) for keeping cold is connected by at |least one of its
upstream (10a) or downstream (10b) ends ip at | east one downstream (9b) or
upstream (9a) portion of the downstream conduit (9). 10 16. Devi ce
~according to C aim 14, characterized. in that the conduit (10) for keeping
cold is connected by at |east one of its upstream (10a) 4r downstream (10b)
ends to at |east one source of cryogenic fluid in the hidh. ity liquid
‘state and/or to at Ieast'oaq react or 1ﬁﬂ (2). 1An D ggéccording to
one of Cains 14 to 16, ch®pacteri zed |Q\that'tHE‘ oufjck cry nic fluid

in the hi gh 9 te—ts—at—tTast—orTe ST 19 [ 5 (3)\ 20 18.
Devi ce accordlling to one of CARins 14 to T?)“gharacte zb® In that at |east
one filter f4a, 4b) is fitted R the downst feam condyift befween the
upstream (1pa) and downstream (10b) ends of the condup 6 v eeping

cold. 25

S

/70

~10b

C

—>-
12

/ 13

Fla.1




