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PROCESS FOR ~URIFYIN~ A_CRY9GENI~ FLUID CONTAINING 
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The present invention relates to a process for 

purifying a cryogenic fluid, such as nitrogen, oxygen, 

heliwn, hydrogen or argon, of in particular its N20, 

CnHm and/oL· NO~ impurities. 

Cryogenic fluids such as oxygen, nitrogen, 

helium, hydrogen or argon are of greac industrial 

importance, especially in-· the electronics field. 

Thus, it is common practice to use nitrogen for 

inerting or cooling printed circuits during their 

manufacturing process end helium is oft.en employed for 

cooling hot optical fibres. 
At the present time, the vari rn.ts cryogenic 

fluids are obtained by cryogenic distillation from 

ambient air or from gas mixtures containing them or by 

non-cryogenic separation techniques, for example by 

pressure swing adsorption processes, usually called PSA 

processes, or by membrane permeation. 

However. for some applications, especially in 

the ele~~ronics fiel~, the cryogenic fluid musL ve o! 

high purity, that is to say it. must contain minimal 

amounts of impurities and other undesirable 

contaminants, in order to prevent these impurities from 

causing undesirable physico-chemical reactions or 
reactions incompatible with the intended aim. 

Thus, it is usual to purify the cryogenic 

fluids very thoroughly, that is to say down to purity 

l~v~li; of leSE: thAn a fc:w tens u.C ppb {parts per 
billion) or even to 1 ppb. 

Up to the present time, many methods of 

purifying cryogenic fluids have already been proposed. 

Thus, mention may be made of document 

EP-A-662, 595 which dE:scribes a process for preJ?aring 

U:l:§"h-purit:y li~id nitrogen, in "7hich process the 

i::a:dst:Sn mtsm:>xide, oxygen and hyQ.rogen impuri tie5 p:i:-esP-nl 

!~ ~~~ liq:..:.!.::.! :::::!::~~~;!H are remtsvea by adsorption on a 

z~Biit.i;.:; fai:it.~-::-ia.l or a material of the nnrom:i m&:at-.::>l, 

oxide type. 

Furthermorc;o, dvcument US-A-4, 746, .:D'.l 

the removol of carbon monoxide present 
nitrogen by adsorption on a type SA zeolite. 
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describes 
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Moreover, EP-A-590,946 teaches prepurification, 

using a TSA (Temperat~re Swing Adsorption} type 

process, of carbon monoxide present in gaseous nitrogen 

at a temperature of 90 K to 150 K, followed by 

ultrapurif ication by · subsequent distillation of the 

nitrogen thus prepurified. 

Document EP-A-750,933, for its part, relates to 

removal of carbon monoxide and oxygen which are present 

in liquid or gaseous nitrogen or argon by adsorption on 

a transition metal oxide or oxides, for example a 

hopcalite. 

Moreover, document US-A-4,717,406 teaches the 

purification of a stream by mechanical filtration and 

adsorption on an adsorbent, especially of the 

molecular-sieve, activated-charcoal or silica type. 

Document wo-A-98 /2822 6 recommends _purifying a 

cryogenic fluid, such as helium, hydrogen or argon, of 

its impurities by mechanical· filtration of the 

impurities in t:he form of crystals and adsorption of 

the impurities in dissolved or gaseous form, so as to 

obtain a purified fluid containing less than 1 ppb of 

impurities. 

Furthermore document US-A-4,425,143 describes a 

zeolite having enhanced adsorption performance and 

being characterized by a high Si/ Al ratio in order to 

withstand acids, this zeolite being free of Fe203. 

Document EP-A-747, 118 teaches the removal of 

oxygen impurities from an inert gas by means of a 

support impregnated with an alkali or alkaline-earth 

metal oxide. 

Finally, document US-A-3, 597, 169 relates to a 

process for removing methane impurities contained in 

liquid oxygen by employing a zeolite X highly exchanged 

with calcium or silver cations. 

In practice, t.he adsorbent particles used in 

these various processes usually have an average size of 

about 2 mm to 5 mm. 

However, although these processes al1ow certain 
1mpuriCies contained 1n the cryogenic fluids, 
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especially such as carbon monoxide, carbon diox..i.d~ or 

oxygen impurities, to be removed relatively well, it 

appears that the problem of effective removal of 
certain other impurities likely to be presen~ in 
relatively large amounts 
been solved hitherto, 
incompletely. 

The object of 

in cryogenic fluids have not 

or have only been solved 

the present invention is 
therefore to improve the exiating processes by 

proposing a cryogenic-fluid purification process 
allowing effective removal of. in ;rinrt-.;c .... llar, NzO, C11H111 

and/or NOx impurities liable to be present in a 
c;;i:;yog~nic fluid, auc~h an nitrogen, oxygen, hl;!llwn, 
hydrogen or argon. 

within the context of the present invention, 

NOx should be understood to mean NO and/or N02 and CnHm 
should be understood to mean one or more hydrocarbons, 

such as molecules with a saturated or unsaturated 
carbon backbone. 

'!'he present invention therefore relates to a 
process for purifying a cryogenic fluid containing 
impurities chosen from N20, CnH~ (hydrocarbons) and NOx, 
in which process: 

(a) at least: some of t.he impurities contained 

in the cryogenic fluid to be purified are removed by 

bringing the said cryogenic fluid to ·be purified into 

contact with particles of at least one adsorbent, the 
:,;iwiu part:ic::le~ ho.vi1·1g 011 ctvll!!'r:ag@ size of lggg than or 

equal to 1 .5 mm; and 

(b) a purified 
which contains less 

impurities, preferably 

impurities. 

cryogenic 

than 100 

less than 

fluid is 
ppb of· 

10 ppb of 

recovered 

the 

the 

said 
said 

'f'hP. rArlSOn for this is th~t. the inVentOrC Of 

th@ present .i.nv~uL.iuu have oP.mOT'li:tt'r.~u:~d ~hat the siz~ 

of the adsorbent particles has a Q"J.""~al. l.u[lu(;l.uce on the 

performance, that is to say the effectiveness, of the 

purification process. 
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As shown in the examples below, it appears that 

a beneficial effect on the performance of the process 
mAy be obta).n9a by reducing the si:z." c...ir the adsorbent. 
particles used in the purification process, this 
probably being due Lu the improvement in the kinetics 
of impurity adsorption on the adsorbent. 

DGPGnding on the case, the process according tn 

che invention comprises one or more of the following 
characceristics: 

tfie ~ai:~ particles have an average size of 
less Elian or eq-~al to 1.4 mm. preferabl;r less than o;i:: 
~f.i11~i t~ i.3 mm! prP.frrably l@ss than UL aqual to 
1.~ ~~ ~~d advantageously approximately 0.8 mm to 
i.1 mmi 

- lh~ cryog~nlc !1U1<1 is chosen from among 

Ki2'¥g'?!i. e.fgon, nitrogen, hydrogen and helium; 

- ~ne cryogenic fluid is in the liquid and/or 
gaes8~~ 1n.acet 

- at ieast some of the impurities contained in 
Llle crvtjoenic fltiitl to be iiurified are removed by 
adee:~pt:i:on n1· by chemisorption on the adsorbent 
particil:!s; 

= t!i~ !:'~movel of t.he imt::-"ttf:i:e:ies is ca.t·ried out 
t1.t a cGrnfjerat."il"l'.'e below approximately -120°c, preferably 
~a±:5w =isu~t:; 

- the removal of the impurities is carried out 
aE a p~~ssure tjf 10~ Pa to 3Xl06 Pa; 

= th~ cotitact time Between cryogenic £iuid and 
.!!!!i4~r-;~~;:;~i: ~e.~t;.i.c1€;e; ls 1-ess than or equal to 3 oo s, 
p..-0£0...-..._i:.i:r i._-..;.,u 70 1..V ZOO ~ i 

- the adsorbent particles have a pore diameter 
of 0.5 to 2.5 nm and/or a pore volume of 0.2 to 
0.8 ml/g and/or a specific surface area of 100 to 
1500 mL/g, preferably from 600 to 850 m2 /g; 

the adsorbent particles are in 

extruded, crushed or elliptical form; 
- the adsorbent: p.nrt- tr.-les aro made 

mai;oria.l choeen from euuu.uy 1:1ilica gel. 7.eoli tas, 
oxides, such as hopcalite, and carbon materials; 

bead, 

of a 

metal 



- 5 -
- a purified cryogenic fluid is recovered which 

~u11i.~l.ns et mo:!lt 1 ppb of impurities T 

- t.fi~ i;jtt_H::P.ss is of the PSA (Pressure swing 

Adsorption) or TSA (Temperature Swing Adsorption), 
preferably TSA; E};pei 

- l;iia ct'y(j~~nic fluid possibly contains one or 

more imJ;5U.FiEies t:hoseu .C.rom the group formed by H2, co, 
e~:.! i:tml H2~; wliieh a.re also removed; 

- the adsorbent is of the zeoiite type, 
especially an X, LSX (for Low Silica X) or A zeolite, 

which is unexchanged or exchanged with metal cations, 

particularly calcium, silver, copper, cobalt, nickel, 

palladium or platinum cations. 

The invention will now be described in greater 
detail with the aid of examples and of the appended 

figures, these being given by way of illustration but 
implying no limitation. 

E?Camples 

The following tests aim to demonstrate the 

effectiveness of the adsorption purification process 

according to the present invention. 

More specifically, in these various tests, the 

conditions for carrying out the purification process 

are as follows: 

- fluid to be purified liquid argon 
- impurities to be removed N20 

- COilt~uL of N20 

impurities (as input) 

- purification temperature 

- purification pressure 

l to 8.5 ppm 

-1as 0 c 
8Xl05 Pa 

- contact time 

- purif ica.tion throuQ"hput 

70 to 200 seconds 

approximately 

Furchermore, the adsorbent 
following characteristics: 

l sm3 /h. 

employed has 

------- nature of the adsorbent silica gel 

the 
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shape ot the particles 

- avgrag9 part:icle s;ii2CO!~ 

- average pore volume 

- average pore diameter 
- specific surface area 

spheres 
1 . l, 2 ur 2 . 5 11u11 

~pproximate)y 0.40m1/o 

~nm. 

750 m2 /g. 

Test No. 1: Purification of liquid argon on 

2.5 mm particles 

The stream of liquid argon to be purified, 

which contains B. S ppm of N20 impurities, is brought 

into contact with adsorbent particles havi.ng an average 

oi;:;e of 2.5 mm. 
In this test, the contact time is approximately 

130 seconds. 

and 

The . results 

clearly show 

obtained are plotted in Figure 1 

that the N20 break-through occurs 

aftAr only 4 hours on 2.5 nun particles. 

ThG break-~hrough stopping 
therefore 0.9 Scc/g. 

cia.p;H:~i ty 

Test No. 2: Purification of liquid argon on 

2 mm particles 

is 

The stream of liquid argon to be purified, 

which contains 1 ppm of N20 impurities, is brought into 

contact with adsorbent particles having an average size 

of 2 mm. 

In thit:i te~t. thg conLa.cL L.im~ ls approximat@ly 

200 seconds. 

The results obtained are plotted in Figure 2 

and clearly show that the N20 break-through occurs 

after 47 hours on the 2 nun particles. 

The break-through stopping capacity is 

therefore O.SS Scc/g. 

Test No. 3: Purification of liquid argon on 

1.1 nun particles 
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The stream of liquid argon to be purified, 

which con to.ins 1. 5 t)l,im o! N20 impurities, is hrouoht 
into contact witn adsorbent particles having an average 
size of 1.1 mm. 

In this test, the contact time is approximately 
70 seconds. 

The results obtained are plotted in Figure 3 
and clearly show that the N20 break-through occurs only 
after 300 hours on the 1.1 mm particles. 

The break-through stopping capacity is 
ther.Rfore, in this Example 3 according to the 
invQntic:m, more than 22 scc/g. The results oi: 1l1est! 1 
to 3 are sununarized in the comparative table below. 

Comparative table 

: 

•it.;..;;; i:>A ... r -l c:1c Gontn.c::t Brcak-r.hrough N10 sf:'npping ' '-.- .... '- ............. _____ 
-- -,, -- time time capacity laH · 81.Ze 

(in hours) (Scc/g) 
! ? c;. rrim 130 sec 4 0.90 -
~ ~: 1:i m~ ~00 sec 47 0.85 
~ .1; ± mm 70 sec > 300 > 22 --

Lt is apparent from the 
reducing thf: size 0£ L.he adsorbent 

above tests, that 
particies l~n ~u~~ 

of improving the case silica gel) has the result 
adsorbent kinetics and, surprisingly, of purifying the 
cryogenic fluid (in this case liquid argon) more 
effect.ively. 

Tllii.: .is bectn.1se, by rcducin~ the size of the 
adsorbent particles it is found that ~he ~reak-through 
time increases for the same adsorption capacity, that 
is Lo say by using o.dsorbent part:iclc.11.;: h~nring o. :3i i:e of 
less than the sizes conventionally used, Lhe production 
time is extended, this being so even when the contact 
time between the fluid to be purified and the adsorbent 
is reduced. 

In addition, it may be seen that reducing the 
size of the adsorbent by a factor of approximately 2 
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(cf. Example 3) surprisingly u.nd um>redictably causes 

the stopping capacity to be increased by a factor of 

about 25, even though the contact time was, moreover, 

reduced by a factor of 3 (cf. Example 3). 

The purification process according to the 
present invention, based on the use of small-eized 

(< 1.5 mm) adsorbent particles, therefore allows the 

product.ion phase of a purification cycle to be 

signif ioantly iii.cre-a!'ed, wl1lch in turn ID() 'kAB it. 

possible to reduce the overall costs of the process by 

decreasing the size of the adsorption reactors, the 

amount of adsorbent to be used, the frequency of 

adsorbent regeneration and therefore the energy costs 

and the amount of regeneration fluid used. 

r---~ 

,: This Sheet a ----

111111iuiiiiiied 
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Key to figures 

113 

N20 input 

!laO content (ppm) 

N20 output 

Time (hours) 

2/3 

N20 input 

N20 oontant (ppm) 

'l'ime (hours) 

3/3 

N20 output 

Time (hours) 
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purifying 
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a cryogenic fluid 
containing impurities chosen from among N20, CnHm and 

NOx, in which process: 

(a) at least some of the impurities contained 

in the cryogenic fluid to be pur,tfied are removed by 

bringing the saia uz:yuy""'nlc fluid t.o bs purified into 
contact with particles of at least one adsorbent, the 

said particles having an average size of less than or 

equal to 1.5 mm; and 

(b) a purified 
which contains less 
impurities. 

cryogenic fluid 

than 100 ppb 

is recovered 

of the said 

2. Process according to Claim 1, characterized in 

that the said particles have an average size of less 

than or equal to 1.3 mm., preferably less than or equal 

to 1. 2 mm and advantageously approximately 0. B mm to 

1.1 mm. 
3. Process according to either of Claims 1 and 2, 

characterized in that the cryogenic fluid is chosen 

from among oxygen, argon, hydrogen, nitrogen and 

helium. 

4. Process according to one of 

characterized in that the cryogenic 

liquid and/or gaseous state. 

Claims 1 to 3, 

fluid is in the 

5. Process · according to one of Claims 1 to 4, 

characterized in that at least some of the impurities 

QQntainQd in th<? t::"7"0"Fllni r. 

removed by adsorption or 

adsorbent particles. 

fluid to be purified 

by cnemisorpcion ou 

are 

die 

6. Process according to one of Cl4'.il'l\!; 1 r.o S, 

characterized in that the removal of the impurities is 

carried out at a temperature below -120°c, preferably 

below -150°C, and/or ~~ ~ pressure of 105 PA to 

3Xl06 Pa. 

7. Process according to one of Claims 1 to 6, 

characterized in that the contact: time between 



cryog~n:ir. fluid 
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and adsorbent particles is less than or 

~Feferablv from 70 to 200 s. 
according to one of Claims l to 7, 

characterized in that the adsorbent particles have a 

pore diameter of 0.5 to 2.5 nm and/or a pore volume of 

0.2 to O.B ml/g and/or a specific surfa~e area of 100 

to 1500 m2 /g. 

9 . Process according to one of Claims 1 to 8, 

characterized in tha.t: the o.dsorbent particles are in 

bead, extruded, crushed or elliptical ·form. 

10. Process according to one of Claims 1 to 9, 

characterized in that the adsorbent particles ars made 

of a material chosen from among s.i. lica gel, zeoli ces, 

metal o~iae~ ~nQ ~~rbon mAt.erials. 

11. Process according to one ot Claims 1 to 10, 

characterized in that a purified cryogenic fluid is 

recovered which contains at most 10 ppb of impurities, 

~•9fer~hly at moRt 1 nnh of irnpuriti~s. 

This Sheet Has Been Replaced 
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