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t he adsor b '° Ei’gé'd"']" v;bfﬁ" Wp ’6‘??’%%@&5?"59 H“?’% % °1;|
zeolite®re °§“\°‘F? ss‘1 "19|° ‘a P"aP°e°' ek lath é’ﬁi“d%‘?ﬂ%‘%’ 4 iepe g lied in

regenerat R%ﬁr? %?e%%hé’é 918‘%,% Velval 2 arfd(3 ofe i Sioded oLOSS
as |ow as %,{3 Vi E éfafp ﬁsﬁ
gas |oss S%@Lﬁdoﬁ%&‘s‘iﬂ& W‘alve'a pdn%o g\ﬁ: Eﬁ':%@&%ﬁpﬂéa ﬁhe&rﬁif 9&#&& 0

this inye nbht%ﬂh@fﬁﬁ%ﬁ&@h thb ﬁ-l%' Kedl dﬁ&'oﬂﬁrﬂ'd&u& Shieam! vﬁﬁh‘ﬁ%oﬂ{r%ﬁesﬂﬁﬁﬁ & NppnYof
used proceaRfvapoulghd49Bprvér carbbnldioRitigis IntrBddbddiid %&-J&ﬁ&é&aﬁﬁ&- uhit RS ¥bt shown.
activated al Lﬁﬂrﬁaodlpw'&i&this@&ﬂﬁdlmlbhue dyBle, Vil 7ispBiiRH to répreskliried Bed B®JbdcKrilling ©
process ac¢omBedd thed vaives 1iahd/sdié 8628d andiviiVe Sdpbied & allEBYdiAtEveRtts the Ginmdsphe@EThe t he
anmount of aadiidnef héproductivheydeasisifficiRntedpainiya frant of iiplitites P fld@ dGtiof Headsorptivgibed N
purity @an i&e¢hebedidoeenht reathits adsoptiteichpmsityaThisds radilyiddterinined byltnventianal prbdadites well
activat ed &hawumtathose ofvedingryoghil int theparta Tiee déteonintioreand adjostweent efitiie pgraisctiomstep automat-

si gni f i cantdely witarefpeance th tha water vagnut aghd aetiop digxideeontentefthejingorningeirdepd using comventipnal unt
(byvol une) serising andyregulatingdrpavaturds likewisewellknpowndo those ofdrdiraryakitlinthe art. it igj ardistinct ad-
desor bed dyantagg oftherublest aropes thafitheramewnt pflgas loat fothe atmespheredyriag the Yenting step fypically
severit¥ ofeP@G?'tﬂs '%ﬁ@“ﬁ'ﬁﬁm%ﬁ“f‘%vquﬁﬁd g&duced. This allows an even
better r e g endi H@ "B'%fﬂg stﬁre (‘Jﬂ‘@P Fﬁ“‘b‘t?tﬂ'? ?pﬂ%ed&ﬁ%ﬂﬂ'ﬂ‘ 98¢ is adraitied Ja Bed Ayin

EP 0 45

i % dt e open
o f”* ggﬁ*fé‘ i
Further, al d 6 %ﬂé%‘%& Biveaed BN ﬁ%{g

f n@dp api a t?&ﬁ)&

countercurre%tﬁeeoﬁcna&n& he b6 didbovalv s Wclobi and %béaaatoﬂahﬁsuhges%hso
advant ageouby Beckfifhy Mt &Ir@rpﬁd&b‘é&'ﬂa beuhd&!ﬁ cidif sthp) Fdivelt rEiAahislop&ank |
i's upwasd amu&lgamﬁ'mfbe&mﬁoés&tbemmévﬁf Waspgten,f | ow.  Si'nce the upward

fl ow during puposl theicoriyletion of i BakRfill Stef, Falveély/is closid and @ived € aiFsSdpbied deBdg@ ARGIdr O
prevent fl dycbi BaitBiidpedtiigionif ghasecith Bed)Xso tHat ane Biusdigoingrebéhe@Bdheieaventingand pufyg-

pr ob- | em ingywtiiléathe bihglieprodueihgmrodugt. Altypicalaycid fdr b two-tet eystem i< xhowein theualaé I. bed
design techni ques may be used to prevent attrition of adsorbent particles
in down®ard flow as well. Those skilled in the art will appreciate that the
PSA 10 process according to the invention |Is able to avoid abrupt shifting
of the particles of adsorbent in the adsorptive bed, thereby preventing
fluidising of the bed with degradation of its useful ness. The process
according to the Invention will now be described by way of exanple with
referente to the ag- conpanying drawi ng which is a schematic flow diagram
illustrating a pressure swi ng adsorption apparatus for purifying air
upstream of a plant (not shown) that separates the nain conponents of the
air by rectification 15 at cryogenic tenperatures. Referring to the

drawi ng, feed gas, i.e. air, under presSure, typically fromabout 517 KPa
(75 psia) to about 1.14 MPa (165 psia), is admtted alternately to
adsorptive beds A and B by the opening and cl osing of valves | and 2. Beds
Aand B operate outof phase so thatone is producing while the other is
undergm ng regeneratlon V\hile the invention |Is described with regard to a



20" three or nore beds operatlng out of phase or with nultiple pairs of
beds as is recogni sed by those skilled in the art. When Bed Ais in the
production step of the cycle, val vesplo4ss2e2man, valves 2 and 3 are in dosed
position and air is forced through the particul ate adsorbent contai ned
t herein under pressure. Valves 5, 7 and 9 are also In closed positions and
val ve 8 open so that air substantially H f wat ervapour and carbon
di oxide flows 25 out of the systemthr-oﬂg—ghe | i ne marked uproduct. The
pr oduct stream which contains Iess-r;lﬁ@glq;s; @Qqhof wat er vapourand 1.0 ppm
Carbgn dioxide, is introduced intzp Rikyneogedlegai rseparation unit(ASU),
not\s’hown Atthe conpletion of this proaduction step of the cycle, valve 7 is
opened torepressurise Bed B by backfilling fromBed A then valves | and 8
are dosed apeéd wal ve 3 opened t oValives\OpBaed At dBedeBt to the atnospliime. The
duration of the production cycle is insufficient to perm't a frorfSees)
inmpuritpes to flow out of the adsorptlve bed, 30Q i t he. bed does_not

‘reach its aBackipll} fzomRedcBty. Zhi'ls $s readi IV°&E?%r Hﬁ'hsfalb)ﬁ‘éohvenw onal

pr ocedur es known to those pof ,orgdinary s t The

determ nati ggf";é’ﬁﬁ adj ust nent ofP't fe %r oduct i lﬂh’" %A«%tﬁ?s@ - lcall ye\?t h

ref erence tp mcxvatervapourand £y bqp di opp dem(i.ggtent of the incom ng;aqirfeed
usi ng cBnventional sensing and regOI ati hg appar Is |i kewi se we f’ known
to those of peyadb@abicietanh! sddnatiiezayts |t is sacHESK Bedm 8ed Avant ageg@f the
subj ect process that the anount of gas lost to the atnosphere during the
venting st eperity pb Gtnbsphdbe reprEsepnis | ess tmodiudw ee percent of thsovol une
f‘\,jeedmgas At the conclusion of the venting step, valves 5 and 10 are
opened and Pumgge gas is admittedl B8p Beld, A0 n Brodueeect i on count er cubt@®ntto

t hefl ow t heret hrough during production. The purge exits the bed through the

open val ve 3.ThklFsARdiERs Bash *&ﬁ@%@&rfi&uﬁﬂ}gdvﬁﬂé&&ﬁ 1RSI Rely BirBluateddsiBEnEin
vapour and tfaabddrpiiveBe@xdsdiBscibed absve.TefthiRodifivatidhs Ofthe Id@stHISEd witR@fefthcd th the PSA
syst em 25Thigre iag Be fidde witRoubddpartinl fedm tHeScopy of the lsatfjet iﬁ\hhl)bn For éMa@hble,bothitietarge 40
cont ent was afd aiSsteps tdnch Shirivdout BndeSratumdising convemtidnaldgaipriént] Aiso [If dasifid| epresklrd

pur ge st ep sition ofitheshetl$ ¢ao be cdrtbdroatusingfeédgad insteadaf praductgas @varelt theisphject frocess prord
renove t henidésramignificant ippcbveridntin pleautfivativh of airdfatan ABY inderms nivapital aogt andefficiency of
noni t or i ngopenatiodlet er mi ni ng of the production step apply equally to the
purge s¥ep. Afhefoliewingdperhrlesifustheriffustrdiethis inventions it bsing updersieed that thesimeentipn sn norway

cl osed and inteategdo tre limitedhto thedetailsdopasiberd therej. Bed A by backfiring with product
gas being EroduLced In Bed B. During the backfill step, valve 9 remains open

and 45 pr rom Bed B continues to be wi thdrawn fromthe system
Upon t he corrpl etion ?J t he backf| | | ste 7 Is cI osed an aI ves |
and 8 oﬁr'ene %35'8 E e 'g ugand,ea ‘°%m av. qe'h
Bed Aso th % % gﬁ%‘ éla é;?:g?f I C NateT aun'nm ﬁd%‘? m fab d%m

whi | e the .

|s,,shovm |q%§{o}? ﬂrate %X
Cycl e 54  of 985 KPa (140 psia) with water saturated air (at adsorption fe

Va| ves OpeRioxide. The ads% Bmperatures are given in table II. Nitrogen ba ﬂon |5£?dpvﬁ§d B

2, 7, 9  usedasthe purgdt IQQH\Gtﬁhts ddadtidted dumip@ Hested to re@ﬁbeﬁfe‘édﬁ&ﬂhoxlde content in the prod-

1, 4, 8. uctto 1.0 ppm welé@Kgeriinentdliy datérined trough measurement of cifbor SioxidelBbrid6ht@tion profiles

1, 4, 6, 8ijntAdbed aliidrg Given in Table Il. The amounts of purge gas, vent gasl0ssiand the idve dpéditiciprdduct Bed

B 1, 7 45 8are also given. The purge Bascaeab nitrbgeh pariflie®®aembve water vapour and 6&tbdraliviidé. 0

At nospher e 2, 3, 9 Pr oduce 30

XD  Purge 2, 3, 5,9, 10 Pr oduce

510 This PSA cycle has been shown to be particularly advantageous for the

finely garti cul ate adsorbent in the adsorptive beds as descri bed above.

Certai n™nodi ficati ons of the process described with reference to the 25

Figure may be made wi thout departing fromthe scope of the subject

I nvention. For exanple, both the purge and vent steps can be carried out

under vacuum usi ng conventional equi prment Also, if desired, repressuri-

sation @f the beds can be carried out using feed gas instead of product

gas. Overall, the subject process pro-



vitdes & significant inprovenent in pre-purification of air for an ASU in
ternms of capital cost and efficiency of operation. 30 The foll ow ng
Exanpl es further illustrate this i ngmejéssospps t bei ng understood that the
invention Is in no way Intended to be [imted to the details described
therein. EXAMPLES | to 5 35 Airwas purified to renpove wat ervapour and
carbon dioxide utilizing an apparatus as shown inthe drawi ng, and a cycle
as shown in Table |I. The beds contajned_only a formof activated al um na
commercially available from Al coa, -ﬂé——Pi ttsburgh, Pa. Each particle of
th| s .actgj vated al um nac(mmoduct code H 152) contains about 10% Si 02 by

t. The parti MserpsiDiexidef t he actlvat edVeat um na was, about %ﬂ@ mn The
bed cont ai nedygboics L. Sa8h (maf ZDiE sibs act {YBERd alﬂ%fuq"?e gf bed
depth. The adsor ptlon was carried out at a _pressure Kl'ga (14
.psia) wth water ur at ed r (at sorptl terrper ture) contalning about
350 ppnwecar bo %za%de he adsorpt n ten;tigtpatures"2 re given i-&able I.
Ni t rogen gas ?ree of vvate?2 Zhd car 58 di ox4-¥ was J3¥d as the dérige. The
amounts of acfivaded al unitfe? needed®% redié® t he d&#%on di oxi dé-Zontent in
the prod- ucté4to 25.0 ppm ®W8c® exper#ent al1.95 det er ndsved t hr oughtziseasur enent
of carbon di oxi dezszoncent r@ato on pr abiol es i7133 he bedsgnd are gi gl i n Tabl e
1. Thefanounts of purge gas, vent gas |oss and the sieve specific product
45 are also given. The purge gas was nitrogen purified to rermve vvat er
vapour and car bon EP 0 453 202

eseen)%a vshen 019 a wa nina ls used to remove Bi!icamBlaloxn
#g;ggr p. Do e,eryl v:ntgas Ioﬁgt Q lo . ¢:2t% cal II ;:lch as sta o rller, represedﬁu t|a f\gg
( D%) ﬁga lsu o the ﬁ mF ssde mﬁﬂ%@d %‘ T!dls-
Vi gy 1t ‘}m e

17.6 2 f gss'?émperature proillgq'legsurements for tﬁ§all@ctlvated ala'nn:lpdemgn mdu:ate& 3 ﬁngmmum femperature

16.4 3 Jifference of less thar¥3c Between the adg'&}ptfan and des&p o portions of the 8.2The cold zone for-
14.2 4 25 Zwitibhwas virtually Sithindted because of thé midch smaller am&at of air adsorbeliof} Bctivated alumina as
17.5 5 Would be on zeolite. TheSinfproved adsorbeiftedéneration, dde ®he elimination bPi&& cold zone, is partly
14.6 15 |t rexpénsipi fé @RRvrdlidjoodeetarmandey acti vated alunmina |s used to renove
bot h carbon di oxi de and wat er vapour, very |low vent gas |osses, as |ow as
2% can be EXAMBLESS®ITOWI ch, as stated earlier, represent substantial power
20 savengs. Al so purge anobunts of as |ow as 30% of feed can be used. The
si eve speci f i Expgrimedtsonerefagrried but with two heds containing-2:B d (20:6 the) otimeommerclally ayqilable B¢ ce
that of théwmlmr@uhavmagnm pertidesizelnt 15 tmin. Theieiaht pithecactivated alumina layer wag 785s e d
above. Temyu é’hm\rees ﬂ?ﬁ%ﬂ@@ﬁﬁﬂﬂ@ﬂ@ﬁ@”@vﬂhlﬂe 424 zeqlitn having:an AYerage Rgetisieqn

i ndi cat ed aﬂﬂﬂb@P?H& it ef 18X 1‘?0&‘9 E??e Wayabout 094 Kg %H%e@%we@ed hejght
adsor pt #on T&ﬁ?f"ﬂég@?‘ g?"tpf%' §|gx f%’ "smﬂﬁg : lihaenzrgynt;
t | n

Sosor v ofemTLI s zﬁg@ﬂ%‘%&! et onl me“%?

Experi ment en e S cont al ni'-ng

a comer ci a1 Bor 804k ue'poe.fs asm.rsﬁéx nﬁhum&?mhamha@aa&mmneﬁﬁauh&lten

size of 1. 50%'8}%% oNRAnaih aﬂﬁuun&%oﬁﬁifhé@& ﬁﬁnanﬁnh?%éhﬂal BirRant/Fha reéifa tHEFQforIrQe
vessel contirdwid@ivan if TapNAl Iayer of a commercially available 13X zeolib

havi ng @ average particle size of about 1.5 mm The anobunt of 13X zeolite
used was about 0.94 Kg (2.1 Ibs) per 100 mm of bed height. 35 The carbon
di oxi de concentration profile in thgeabes was neasured using an Infrared
Anal yser and the anmounts of |3Xzedtte Tequired to obtain 1.0 ppm carbon

di oxi de concent rGacboan att he vessel out | et were experl neesal ly
50 Dioxide : ctivat S

agdspr bent kgenera s BUied Qe blerelind ) z0 ant
e Ezé%*% Rt Qmé%a;g el

ieve
Bxam. Conc. at Purxge as Loss as Total Alunina s§ 1’1.-od3
No. 785 mm (ppm) X of Feed X of Feed Height (mm) Volume (%) (Sm”/min/m”)

6 3.0 63.0  1.80 910.0 86.3 20.2
55 7 5.0 51.0  2.07 970.0 80.9 22.5

8 18.0 42.0 .22 1210.0 64.9 18.5



determ hed. The heights of the 13X zeolite |ayer and the volume % of 13X
zeolite in the bed are given in Table Ill. The adsorption was carried out
at a pressure of 965 KPa (140 psi a)gp juseeaey at ure of 32.50C with water 4o
saturated feed air containing about 350 ppm car bon di oxi de. The PSAcycI e

and apparatus were as a?cﬁ hﬁ"j re ere ot EX n digX

geoR et et g'Yﬂ“a \5@% i

vecs cont éu,nﬂ%niﬂ%%sr"f rtzrfmseg iy .r:?& I s‘p.,gi
Hi éM.r'é&

factors re d{;}g

g' ven i Tahhe tgL Qleve In Exam ﬂé’! ﬁses less than 70% acti-
Ven vated alumina, the ventias lo¥éib §/8r 50% mord thahfhevim Gas | ﬁ:?Exaaa les 6 and 7 WHEIDRN rBSult

Loss as in hrgh-E%p%ratmg costs. Thb Wigte WRecific producfor EXAnipR3 if\Rso | tHAR tHoE¥ I Exdihpiek 6

Feed Z of haed Hei ght (mm) Vol unme (X) (Sm(mn/m) 6 3.0

63.0 1. 80 Afurther advantagbld®th® present prédfasstan be seen by comparingExathplés 1-3 with Exafiples 6-8.
51.0 1¢2. (ORe carbon dioxide codot@tralions at 78530im th Examples 1-3 which us@20 mm&Gctivated albmiba are be-
42.0 3. 2®een 55 and 160 ppin2E@mfles 6-8 whidh4tilded 1.5 mm activated alumin@, prodviced carbtn ddxiddd&ve80 2
Bl It can [»£3-4&ppm 4t thesarsectied height (T8SunmriThissignifivant differeaceds due kedhesshonten masstansier of
- car bon di oxpuks asspeiatekwitismeltor gartiged. 7, t he anount of carbon di oxi de was
reduced from about 350 ppmto between 3 and 5 ppmin the activated al um na
section™lone. It can also be seen that as the amount of 13X zeolite in the
bed is redrﬁ!%'&‘(through the use of hi gher ampunts of purge in these

Fﬁ?fﬂ; 't e§¥| i 95‘ w Xwnggﬁw 3‘25#83%% r?%%ﬁ&fararerwg‘rarﬁgmrmée%amé g
50 nor & ¢ han f%g&g}vga"nfr"aar"r et SR B e B g

hi gher operatr clusiSiof & g ﬁ R Hioh of diand o %Js ‘al so
over than t ooy d%‘fr'érmf'e 8 b4 & %ﬁ arﬂar ﬁrpuﬁéye%fﬁg ﬂmﬁm&stﬁ
process can be g&gehn conpari ng Exanples 1- Exanp s 6-

carbon g oxi de @nseRidsRb b Sed MhedRailBd Mﬁeﬁrzs@sﬂa bfSshast-win Weéosku uéaeotaa&nm

activated al unithen @predeRy plouReyas ByPtedid) B is Bofiy B eRsratbid 5 sivbd (B antitc) dnds ed
1.5 mm act i vat agidébdsdbrbdn anfiritRrlayeaitadtivatdd@umeha @it diremaividdr Conpiisingalayerafisuitiblet he
same bed hei ghtzeblité adst)b any Fosidua wiler vhponbdiid/otlany kealded eftbinSlioslide; chapacteisedsiwnatt er
mass transfer zbelegr ofestiveiedtiaeina\tohiprispstrorh ebioul¥atite tI08Af thd totaCbetlivaiemd. .

Apressuse sw ng adsorption process forthe renoval fronairof watervapourand

carbon di 0y d@ Prosss fn.aceardapas with frsim & |“1'1§f°'“ F"ﬁ aﬁtb’étF‘r" ﬂ“'%'@ﬁﬂféﬁ’l?é contain silicg ( a)

i nt roducin ar r de geu“rm% | Ny aga%p %theegw trllnesrt%g
renmove sai ”ép:f hﬁﬂf concrasi on o
step, ceasi ng |n |on o arr a e ? g said bed; (c) introduci ng

into safd laed A@roﬁue meoc@aﬁnd‘emm@ﬁneeoﬂhdpm@ug ¢l4iinS, Whéréin the pantiQesdfist REA M zeclite

i mpuri ties therssaid bbds@rg betwden @band 1.8 mmin(sitp. r epressuri sing sai d bed, wherein
sai d bed operates out of phase with a second bed so that one of themls
praduci ng % oAgateeesgingcagidance with Glaiin 4ixrhitels thefertiges obatlepst thigeqolig mrseg'ewearab@ueeoy
steps (l andOP(F)'"ﬁHd séﬂn’ﬂs%ds contain an initial layer of activated

al um na W' g 2 OtHBfainﬂ h rlerdin al?‘é’d@&ben pofticjes ints%E Le?asér%%u fogn 6.£mm
adsor b any re ZE or any Al Carbon i oxige.
characteri sed |n Tt The Iayer of acti vat ed aI um' na conprises from about
70% t 0 100% Of plob&s inGicédrdaR@Oitti Claiis; wherOin 2l adforbenOseRtefes infthee8 Gre Batveéh abbit 0.6
Clai m 14 wher eimenihemict i vated al umi na particles contain silica. 3. A

process in accordance with an%/ one of the preceding clains, wherein the
fl ow of ga§ i ﬁp@pq;pgr aqu’dan y}t any one of the preceding claims, wherein the productgas is introduced into
a cryogenic air separatron unit.

50 ‘9. Aprocess in accordance with any one of the preceding claims, wherein the purge gas is nitrogen-enriched
waste or product gas from said unit.
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55
1. DruckschwingungsadsorptionsprozeR zu dem Entfernen von Wasserdampf- und Kohlendioxidverunrei-
nigungen aus Luft, der in zyklischer Abfolge umfaBt:

{a) die Zugabe von Luft unter Druck in ein erstes adsorbierendes Bett um dabei die Verunreinigungen



and (d) is countercurrent to the flow of gas in step (a). A process iIn
accordance with any one of the preceding clains, wherein’ t mﬂw,mm

at least the zeolite in said beds gpgstaciopgen 0.4 and 1. 8 "m "’
5. Aprocess in accordancewith C aim 4, wherel n the partlcl es o

atl eastthezqplaht6s K easus e 40 6.
A pr OceSSahRP%’hhgﬁﬂtﬁa%q %alp%}n Qlar%tm %ggnce
iis@ﬂ)!ssm a -

en
sai d bedsal@fnﬁa |¥\¢§6he n'ZEb 88 - t o%

with d ai m&u«h@&%&ﬁhaﬁ%@h &thmﬁs} Q.%odn

0.6 455 result@mightd arhounts BiNhir sbsorbedih PHESSIitd é?evﬁclﬁﬁ Q@th\%

precedi ngvatédiuifin, hbeintja lobd1SoveF 50% Ifidre Bathé vent gas loe el ER4didaleand7 Wléﬁ%ﬁgéuﬁ
ai r separ iitiigher aperating coébs. e sidv SPEEHSProdICtISHERLRIES B altb IoWethin THEEE oP Exdp

precedi ngasd7%i ns, wherein the purge gas is nitrogen-enriched waste or

product gas K frether sdvantagerof the Prasephiprocesyean bé eeed by domparing Examples 1-3 with Examples 6-8.
Dr uck s®hwihrygarbgr dickiderqondentrationsat 285 mm ikemples 1-8 whighnuse 810 mihscieatetbaigiina aié be-
Kohl endi ok¥eaneand f&0ippm FixgmplessB which utiliskd 1.5 tevactivated girning prioduced'iaftoh diaxideridvalk t
(a) die Z $ P SHihe sAme bes height (385 mr). This eignifiaantsifiesencars dueldo @rsemtsemasttmnsfnn
dabse di eZ%8t Mirdiatadiwih smelier perticesep 0 453 202 Bl L
It can, be seen that activated alum na can renove a substantial anmount of
car bon' dlefslhge In Exanples 6 and 7, the anount of carbon di oxi de was
reduced from about 350 ppmto between 3 and 5 ppmin the activated al unm na
section akon t he. a nt of 1 eolite In the
bed I's rej('tfucfg éf Lreg@iﬂ fﬁﬂtl&‘ m%g&%rtﬁlggélné?vgl grﬁg X HPPD%?rV?ﬂﬁPrgaéng F?\'g"[" é:élge impur-
Exanplgs th

nplgs) , Qa) ﬁ‘\ff&ﬂl@l unM&Wss&?ﬁntL 2firat aﬂ%ﬁ%@% rPﬁy%o dofhovh sl frf pﬁlﬁté therﬂ- 8

result of higlagh armunts of air absorbe te sieve.

whi ch utiliseg) ks cohbibion 696 Aola sté o&dding IntkBAuBeion om.eanll%}kinﬁéa?u Be@SS 1S over
50% nor et han (d) lneodueing in@38id beSSpurdd gabirad a¥isAd infpuritiad tof rer‘/m/b(ibso\%e“ ésﬁﬁféﬂ kiferel N

hi gher oper at frag; an@st s. The si eve specific product for Exanple I's al so

| ower 28han t hes epessulisiaygaldded, Gvherein sdid béd dpuiatel Bt oPshase With @Se&nd béttso e S bF
~process can bthemdsennodogingroodoetigasty step ) phiaehelotiir iabéilg reyensmpie@ by stepS (b) /Y (c) Bié
car bon di oxi deaidhedecontainan intialdayertof at8¥atethaluimina itrcamp teenainder Somylfisinga layeeof 3 sifitabilan
activat ed al urgofita taxadsorb any resigualwates vepodr ah@/0r g mesidiial aarpdnadioxide Sharadterisedinitiat s ed
1.5 nmm act i vathedpyendfpativaied Wm&mwoﬁi 7§S%ctel £00%eaf thle Sota) becBvollreppm at  t he

B&d Aol 85 f t di ff due to the short
Sane b1 art diosteli Sockiliics Wb Sty £ Rhert P aptptad Firinecertides ooy ficas . A
Pr eSSUr € &WiAYgoddEkSiA baitbidBibe Wit & the Bﬂhe 5r9&dﬁ&&9¥x§'wh{e{e9:%ﬂo@v é?%as"iﬁ‘gtgﬁs FRRPU"

and .carbon din® ) id@ounterddfrent td th&flowsd? G ih Step @ % In cyclic sequence
(a) Iggroducing air under pressure Into a first adsorptlve bed to thereby

to renov e s diRpcesinActarianse withaneonelof thepredetiing akdims, ubereio the parsicles of atfieabtiife etV al
step, ceasi nrgseidmeﬂweubthmwranans mamid skent i ng said bed; (c) introducing
into saldsb Ryrge gas fr geioj said inpurities to renove adsorbed

| mpuri ti €% ?\g mam’; igim 4, wherein thg p ’F'@W&%?ﬁﬂf@?‘f?@feﬁ‘éﬂdbﬁé(ﬁ’ebﬂh@'&l n
sai d bed operates o sbzﬁase with a second bed so that one of themis
produci ng, pr, gds u%b‘éor@éﬁéﬁﬂ*blﬁnﬁ% Wrén@alltéagqr&}l%ﬁ{cle? in3Gib B?ds abekfeliel B.qup y
steps (b) anfd{8mminsesai d beds contain an init ayero Activate

alum na with any renai nderconprising a | ayerof a sui tabl e zeolite to adsorb
any resi dualApeessin scagrdamce witicPlaim Sawhergirealli adsmtienipartisias indhetbeld e, betaad stoltee sed
In th& themmgndl6gm.activated al um na conprises from about 70%to 100% of

t he total beAd vol une. r§0 . . .
process in accordance with any one of the preceding claims, wherein the product gas is introduced into

a cryogenic air separation unit.

s 9 Aprocessinaccordance with any one of the preceding claims, wherein the purge gas is nitrogen-enriched
waste or product gas from said unit.
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1. Druckschwingungsadsorptionsprozef zu dem Entfernen von Wasserdampf- und Kohlendioxidverunrei-
nigungen aus Luft, der in zyklischer Abfolge umfalt:
(a) die Zugabe von Luft unter Druck in ein erstes adsorbierendes Bett um dabei die Verunreinigungen



2. A prdcess in accordance wth daim1l, wherein the ac

‘particles contain silica. 3. A process in accordance vmt ne of the
precedi ng clains, wherein the flow @po@dgfadeBsst eps (b). @ﬂ‘wﬂ %“M”“"l
countercurrent to the flow of gas in step (a). 4. A proces

wi th any one of thezgre ed| ng cl ai ns, V\/nereln t he partlcles of at |east *the
zeolite in said ‘8’

accordance wt h( e"d' (g{ggjeé}“‘jéﬂsé"'b‘%ﬁ ,E @E,X%f%.gfﬁ%ﬁﬂ:t ﬁ%ﬁz‘iﬁ"m erun

said beds are b n a u

acc%éda”Ee withg ﬁé.%rﬂek%ietf’éﬂ%gﬁﬁse&%é&ﬂkﬁﬁt rllmsz@alautln Efr
bet ieen 0.4 mm §6‘ s%’ﬂlh&nﬁ'bﬁﬂdga im SchRk & ﬁgl WarkterfdYas! UGS it\Vien
wherein all adsQﬁJ}S’)%geﬁb?qErttMﬁi 6 wobibi did28 BERH eifld SdsWRchivoRaXbridr TdRerd enthalten,
and 1.6 nm 8. AnduleyiBAgs eindShISHE R dabiiRdtenyPdoll uriiait, umigiichdn rdstihePWESS G BN LInd/oder
cl ai ms, wher ei n jeglithespéstidheKoBRAdidxM zU BdsbB@ieaed I Nto a cryogenic air

separ at i®n uni daduréi{gekéhnzefshiiet, da®die Schithiok akticiartes Tondddé Btwa Moh 70%DisAbo% B& Gesamt-
pr ecedi ng cl ai bettyoluniees enfatt he purge gas i s nitrogen enriched waste or
product gas fromsaid unit. Patentanspruiche 55

Dr uckschwi n&urfezeliassh Ansnsich Arindes) disqlktivierte EPWNE?%' Sjika (Ws'igi)daﬁﬂﬂeﬂ und
Kohl endi
(2 di'e Bughod oiah fach sl ”‘?%? “ﬁ"“ﬁg’"’““*sg"q'er 86t 80 Gealonto i o SEne O

dabei die Vérunr I'ni gungen

Il 1C 11 |4 IProzbk hacH ainéhider vdihergbhdriab KHBrachB)in & zusliRdesBREFAIKEIVBRIZEM den Bet-
Ent f er nschri t tterseih Grofeugiskien 0@ nd 18 inhaufkeeden und das Bettzu entl (Iften;
(ch_in s Bett sin Spfllgas zuzugeben, das frel von den Verunreini gungen
| st, urn ad®orf59aed pach\Geseryeh 4¢infdem zumingest dig Rartikel von Zeoljt infden Retten einp GriBe zwischen
(d) das Bett A&BBELHPMEUEReY | set zen, wobei dis Bett auBer Takt mit

RN Y aﬁg% b, 5 Qorf A8 ABLASS 00 20 Bfkeh 836 B1508 Sechdh o i b

regenerizgrtw rc di ese Betten sine Anfangsschichtvon
aktivierterflo rmﬁe mh RAdpkRA 5, inidbth b ASBrbbrpdirtikhRin Qb BSEMWigehdn\0W Inm und 1,6 mm sind.
geei gnetenZeol it unfat unjeglichen restl i chenWasser danpf undl oder j egliches
restliche K&h|Rezdk qrehd einem dn yerhérgeherden Waspriche, wadkon dés Beddkigaz aiineh caybgenera M
di e Schicht vdﬁftmﬁ’imeémefﬁhft@rder de etwa von 70% bb 100% des Gesant -

bett vol wre h Anspruch 1, in_demdie aktlivierten
Toner depar ?f g Zg 1@"@ ienésﬂfﬁﬁg’f’? By flem das Spiigas ejn stickslpffanagreichartesdiy
der vorhergehenden Ansp Behe '°T°ﬁ et ®er Fl uB des Gases in den Schritten

- (b), (c¢) und (d) dem FluB des Gases In Schritt (a) entgogenflieaend st. 4.
ProzeB nachrbhfiBaeflnsvor her gehenden Ansprriche, In dem zum ndestdie

Parti kel® von Zeollt In den Bet- ten sine Go08e zw schen 0,4 und 1,8 nm

auf wei sen. RO prizsds FAaAfBn a@ebenémmu&}a dé Ia predsi .Zdrlmé? d@ﬁaﬁr 16 uPdZJa $<§‘oht
von Zeolit i n igh@apeuddbdu@®bie Aloxy8e 48 @fB6neZ 8¥ et
6\_/Prozel B nacia) Miideuctisna'aft sous m&wmaishﬁprédﬁmiae&mf&ummgranﬂm&h lﬁaes
sine G QBe zwi sdadtam; 0,4 nmund 1,8 nm aufwei sen. 25 7. ProzeB nach Anspruch
5, in dem all e @®isfibae pétageideaivementie cesBatioh da Matmdiveon daitet RiMhisendldiilit@n B3itact
sind. 8. ProzeBiruméveht agdciiexiérider; vor her gehenden Ansprrichs, In dem das
Pr odukt gas ei nefe) lintrpdugtionedans ledit i, dum gazida hwie, dépovred delsdites impurtés, POur@nleveRdens i
nach ei nem der vie? Mmprrgémedserbéespetsprf | che, in damdis Spfllgas sin
sti cst ofé anger s{dHR raise §ous pression & nouveau dudit lit, ledit lit fonctionnant en décalage de phase avec un se-
cond lit, de fagon que I'un de ces lits est en train de produire du gaz, comme produit, par I'étape (a)
pendant que "autrs lit est soumis & régénération dans les étapes (b) et (c), et lesdits lits contiennent
une couche initiale d’alumine activée, le reste éventuel comprenant une couche d'une zéolite conve-
nable pour adsorber la vapeur d'eau résiduelle éventuelle et/ou tout le dioxyde de carbone résiduel
50 éventuellement présent, procédé caractérisé en ce que la couche d’alumine activée représente environ
70 % a4 100 % du volume total des lits.
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2. Procédé selon la revendication 1, dans lequel les particules d’alumine activée contiennent de la silice.

3. Procédé selon I'une quelconque des revendications précédentes, dans lequel I'écoulement du gaz s'ef-
fectue, dans les étapes (b), (c) et (d), & contre-courant de I'écoulement du gaz dans I'étape (a).

4. Procédé selon I'une quelconque des revendications précédentes, dans lequel les particules d'au moins



|"air les inpurst6s que sont |a vappuessaeas et | e diox

procedh conprenant, en sequence de succession cyclique: (a) I'intro8uction
d' ai rsous pressi di n n_prem.erlitadsor bant l,ever ai nsl | esdites

i npuretes 40 Faz.éaipe pré(f%'ﬁ?gaé'f E’;’&?h@‘“g"ﬁ%@ ‘r’? 8réselegtgatu(§i€%1 I evenent, la
cessation G¢ Probtissaishia tevetdication ) daRs 1edudl 168 paRticlestidu moink Ia_&@olli‘eﬁﬁés@uﬁé ddhalesditd
event avec ' el Giitufidiaille édinpride enitd 6,O0fM@E1,0Mm,. dins ledit lit, d un gaz de
purge, g@6pourvu desdites inpuretes, pour enlever de ce lit |les Inpuretes
ad&)’r bees; 6et Pmgéds selon la revefidichtion dcdanssiequeldotesinsparticues adsarkanteepréseqigsidans lepdits
ledit lit fonliteceynigile camprkecaire@tmaet hdmme avec un se- cond lit, de facon

qua |"un dqQ cegs Jit st sn trarn d rodui re d az onme produit, par
Metape (af pgw%ﬁﬁfg‘ Eoyedtes e Sl el B i e e

et apes () et "'(ec e Piieg SOffe eovifop S"E'b {f&hent une couche initlale

d" al um ne BCt PSS sbish HufsduBiconYi e RbendiedtiBhstBlentds) QarsM4adl fb gdz prodRilt &4t Mrbdull
conve- nabl e pstdunAshiOddBpardtidn UbdhijuetieCstnstinis@edidl € eventuel l e et/ou tout
| e di oxyde de carbone rdsiduel 50 eventuel | enent present, procede

caract Wi sl9. eRrocdgié gelen 'uze quelcrnhue dds mavendicationsprdcidentes, dans feguatleighz dempyige et dw@z %6 A
100 % dif vol ursidyaire girich] @n azofetoy biep du gaz genstituant un) pypduit provenant defiaditaunitén 1, dans

| equel les particules d alum ne activee contiennent de la silice. 3.
Procede sal on |'une quel conque des revendi cati ons precedentbs, dans | equel
| " ecoul ement du gaz s'eW fectue, dins |leas tapes (b), (c) et (d), A
coentre-courant de |'ecoul enrent du gaz dans |'etape (a). 4. Procede selon
"une quel conque des revendi cations precedentes, dans |equal |es particul es
d au nmplns 9 EP 04S3 202B01 * o Sla ze6lite
pr6sente dans lesdit lits ont une taille conprise entre 0,4 at 1,8 nm 5.
Procede selon |la revendication 4, dans Isqual les particules d au noins |a
z6tlte pro6sente dans lesdits lits ont une taile conprise entre 0,6 nm et
1,6 mm 6. Proc6db selon la revendicatlon 4, dans | equel toutes |ea
particul es adsorbantes presentas dans lesdits |lits ont une taille conprise
entre 0,4 mmet 1,8 mm 7. Proc6de selon |a revendication 5, dane |equel
touts les particul es adsorbantes pr6sentes dans le It ont une taille
conpris® entre environ 0,6 nmet 1,6 mnm 8. Proced6 sal on |une quel conque
des revendi cations prhcédentes, dans |lequd | e gaz prodult est introduit
dans une unit6 de s6paration cryog6ni que des constituants de |"alr. 9.
Proc6d6 sal on |'une quel conque des revendi cati ons pr6cedentes, dans | equel
| e gaz de purge est du gaz 15 residualre enrichi en azote ou bien du
gaz con®tituant un produit provenant de ladite unit6. 20 25 30 36 40 45 60
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fall- oder Produktgas aus dieser Einheit !st. 35 Revengj 1.
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