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TI TLE OF THE | NVENTI ON: COVBlI NED CRYOGENI C

DI STI LLATI ON AND PSA FOR ARGON PRODUCTI ON  BACKGROUND
OF THE I NVENTI ON [0001] This invention relates to an
apparatus and net hod for production of high purity
argon. More specifically, this invention relates to an
apparatus and nethod for inproving argon recovery
fromair using a cryogenic rectification colum in
conbination with a 5 pressure sw ng adsorber. [0002] A
crude argon stream contai ni ng about 0.2-15% by vol une
oxygen and about 1% by vol une nitrogen nay be

recovered in the opergfiEOFOTHR INVERTUEN:C air
separation plant that produces oxygen and/or

ni COMBINED@RYOGENIE DIBTHOATICIR ANDRPEX FERPARGRIN PRODUCTION
further purify the crude argon stream is the

so-cal |l ed deoxo net hod, whereby oxygen in 10 the

crude argon streaBACKGRAONEIORTHE IeWENSIONY dr ogen.
This process is energy intensive, since the gas stream

[DGOh]eaThﬂ'fI inventdorhiettes ?&tna'\nmtrdt&m”a@c: frietHod fanﬂ'?gl&ttbh of high purity
ryQgeni ¢ tenperatures to renpve the exces .
3156 dius ' Befh e BlsinvaiBr sgairs 7 an SneriRe ano Rsifad for mproving
grgor exsvenyfronoair Dsing laanjidgelalc br:taft_ifrtt:hmt_ﬁﬁcqlmm_m? c::jlfmtﬂnhwtog with a
re rogen avail abili is limted. ot her
%%%ug%,ga@gsaégx%ﬁr'gryogeni c distil I>/ati on only, requires
15 f ; t I d
(DG A Rt yEHeRF eohinB b3l B 5 s 7 i Biedy Bnd abous
e byweotuwmer rgtnoglgqrrmriaxo by gfﬁhvr:dé?dh the(rjrmte)pelratrmtdm @dftsydgwlctmlﬂseparation
e r e ne WO or nor
S0 15 R, BC B9k ety v o
farimes urifyrtbe eade agjgcbrjr axéad\ao%me?gs%amay} ﬁamd: inetMpE] whereBy oxygen in
i_an. . e £r.yogenic.
bR R BloaBs shaciodwif ducres PoRga, iy BisGGeR s eneray
inteog¢ive, sinogdhe gas stnedm isl«w?md \A;?'la/lm'gn aédcﬂgn tentgerateresdriater cooled
erein feed aiy is :

' ENBIENL TerRbOBERR LigtRve s BEST A i% dslierluaaigngen.
ad;i'sibenhtsrmbcme'sat\ynhdt rbggﬂalmthandn thmpmagtﬁg@ﬂ‘iteawdrfcghmrg hydrogen

[ reboi |, oxygen-rich bottamliquid in
RERERL © il RpRelefey. SRR sonaeoR in il i, readires the
use ofra tdrge oo seperstagesd argen colurmmdusstoplas smdll iffetent@ irfthe relative

5B By b SR e e g of s
elsstrelyte miembrahel(s)c et dr, motiesusopeion Becﬂdﬁih%eva%txamg)resbslure swing
oA R4 L ostH b TR 8P ot frsortor
(TBA).

[0003] The cryogenic rectification of air to produce oxygen, nitrogen and/or argon is
well-known. Typically, a three stage cryogenic process is used, wherein feed air is
separated into nitrogen and oxygen in a double column system that uses nitrogen top
vapor from a higher pressure column to reboil oxygen-rich bottom liquid in a lower
pressure column, and argon-containing fluid from the lower pressure column is passed
into a crude argon column for the production of argon product. For example, U.S. Pat.
No. 5,440,884 by Bonequist and Lockett, disclosed a three stage cryogenic rectification
system, employing a double column system with an associated crude argon column, to
produce high purity (>99.999%) argon. In order to produce high purity argon, a large or
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produce high purity (>99.999% argon. In order to
produce high purity argon, a large or -1 superstaged
argon colum was used. According to U S. Pat. No.
5,440,884, the large crude argon colum is preferably
di vided into two separate argon colums, and a
stripping colum is used upstream of the double main

ézgevumgéooargaﬁ BHEHH Mseusehh%ém&lmg gcsmfs P 9 fssw éé4t ¥he large

the cr e argon colum to nser an
HUde BEIONICOILER) @mﬁefe[@d)odlyldeﬂ @to e sepagate Argpmoj_xmns, @nd a

PG Bblufin is uSPGP<BREm ch'Tﬁe ?Selgﬂgé %er’ébll?rﬁn %é’nﬂ?’r‘eéﬂﬁe

nitrogen froman argon-rich

thernedynamiq 'UﬁV%@Ibﬁ'ﬁ»hOfdhe grugle\psgrameaiunan top easgansariapd the lower
preddire cOERM. ding to this patent, argon of high purity

is separated and recovered froma crude argon stream

[0904]3' DI N @'%ttﬁtlﬁe %Y GE st el ltﬁé é’é]s%gmoﬁ%f B¥ygen and

sel ective adsorp tion of se contam nants I n
'b‘lm%fa?rbtan@ﬁg@bmmﬂ&gd takendom therfeetificatigsoetivranof a ctyegemc air

|
Splaith k. KerdilProifR Hater, AaPLHTRH pal Wikbaldied and
resRNered i PmA e atgonstraggicidntaning minpr amssints of )oxygen andsnitrogen,

BySfochios aBéérRﬁ’&?&‘ tﬁ@é@’é’cﬁ‘u‘tamﬂ?ﬁts%& séﬁé?&%o%@%ﬂo? columns (beds).

contalnlng a en rate selective adsor
Baﬂwqu@rﬂuthﬁrsygtegv@t)llze&,w sapﬁraiaﬁg@mbe@tmmns in Series wherein

thél fiksh @%Iu%rdoﬁéiﬁé Hﬁfboﬁén éﬁu %ﬂ}%n’f SEIOMRE S &‘Bgﬁﬂg@a%e&ﬁe) that is

carried out rogenati on o resi
usey é@mltrqg@yrgmvalg gm%gqe ngcgnd bed contpining ap2oxyga1 rate selective

dRbnele.@lcarbdh rﬁGIF&:ﬁEISSI& ‘?.igéwmr 8&2@%%0@& ﬁgrttaer purification of

adsorptl on system ur| froma

the geﬂt?ver@écarmr‘r @a\mbatciarr ezi.cwgby walya@l byirpgénatiob off eesidual oxygen
thé&r8in. nuously pronotes the crude argon feed streamto

the bed 20 during the process with sinultaneous

[@m]I 7.8 PaN Nef 6BR7 U3 1 BhksH &y ¢ &@clﬂféi:; bébuhﬂpp.feesure swing

g end and bottomto-bottom end’ ations 1n
.

ptign ﬁ!ﬁkpfﬁdow@nmg agen éreha crusle. argcomf@ep steanm upbzmg two
aH@orpﬁoﬁ” 5@@!@5140 &&tlh‘%’ds‘?ﬁ‘pl%?ndl’%s thﬁ%‘ﬂﬁ)%' 4t &?fe%d%"tr@ﬁﬁzlﬁ the bed

nd system for producing a purity argon
Ckmm]thﬁ RIRCESJHH Simutiangoys fenuahzahoraofrpreeame Stthem be@s in top-to-

t&8 éhd ghd Sol?orh QVbbRbh ‘éna%geé\lz‘é%déqﬂ eag'é g tbllB@ﬁwHﬁ:u‘?ﬁ Iﬁgﬂf each

colum and a vacuum pressure sw ng a
begnbi nat i on WI th a cryogenic air separ at| on pl ant.

#OOO?] O her Npatents related to argon production
(90061 4L SLPE. Npa$,35N871 1 Maayenos al-odiscloses a process and system for

producing a high purity argon product with high argon recovery from an air feed stream
utilizing a low ratio argon column, a high ratio argon column and a vacuum pressure
swing adsorption unit in combination with a cryogenic air separation plant.

[0007] Other patents related to argon production include U.S. Pat. No. 5,730,003 to
Nguyen et al., U.S. Pat. No. 5,557,951 to Prasad et al., U.S. Pat. No. 5,601,634 to Jain
et al., U.S. Pat. No. 5,159,816 to Kovak et al., U.S. Pat. No. 4,239,509 to Bligh et al.
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Nguyen et al., U S Pat. No. 5,557,951 to Prasad et
al., US Pat. No. 5,601,634 to Jain et al., US.
Pat. No. 5,159,816 to Kovak et al., U S. Pat. No.
4,239,509 to Bligh et at. 30 -2 BRI EF SUWARY OF THE
I NVENTI ON [ 0008] As can be observed fromthe art, it
woul d be desirable to provide a system and process

for producing pregier SUMARRY SR TAR RGRNTROR per cent

argon with less than 1 ppm oxygen and |l ess than 1 ppm

[Obéﬁlogﬂélcari BB bBYGUEIMrSmithe ARGt WSk Be %s@ébl& fd’;%wé% 4Yystem and

In a cryogenic air separatlon ysten1 ave een
@'ewﬁ‘-tfor E@é%'ﬁ@ prodyet asgen wilh 88§99 malgpersert asgen w@laa less than 1

:ﬂ#r‘i biq)ge‘hl%?ﬂ' 1bsCRbA Qrbpfrpﬁst@?&?”mpio%h‘é &n H%ereﬂ‘ﬁtg L&Dﬁe argon

nprove processi ng e CO | ete Iﬁ]ﬂ&
B R\EQUeRicRInsanasion Sysiem have I@ngglaﬁen qﬂugtm Econgroig dagtors, along

wWitH r‘nSreaétEl rﬁbﬁhlg)épbéflémﬁ%raﬁﬁon g{cré%é‘é'tﬂe ﬂé?&’fcﬁﬁnproved

desi r abl e recover a greater ortion

PAPERSSINGrte MAUP pomeletaly ailralnatel kath @wg@n agdmitrggso fom the argon
@ be desirable to maintain stability of the

cryogenic distillation columm. It has heretofore been

[UMQHC (Wﬁllé 5@0?1 fb@htyﬁ@ iWRpdHant, h‘%ﬂéiﬂd‘@l%? rb%"l‘:‘ébl%lé {o/leB8ver a greater

hods may = i npact the stabilit e cryogenic
Rﬂm}n ofithe agendEm eryogeno distilation o arrp| e with
reference to FIG 1, argon production may be increased

[QQJ 0]1 t waud beginsiratie do BRintaifstediits of dhe enegeniadistiliation celumn. It
H“a@|Héf'éio(of@beéh@ﬂ@éoér@zeﬁhﬁat%%%f@ﬁ@@@vnﬁ% HBUri d'q% inethods may

i ncreased. Feed stream 1 onl'y be I ncrease

imRactibe Aabierdhe arvogenie élﬁmaﬂééwlﬁﬁm contain

SI nificant anounts of nitrogen. Nitrogen in feed.
arhoLgxamgle, with refateneeto FIg. ihargep eraeduction @Ry badncreased as

tl‘i?é H@%n%&?&ré&?ﬁ l!'ﬁ@fréﬁ%é Id'\hc&eﬂédré QEI%thVYhH sffé%)‘%@tc%de argon

vapor i n condenser rogen vapor
calunnish i dnaeashih Fa@féstream 2@0 wwelywmqm@secbf@ﬁa@ paigt where the

stréBmvddek r@?é@rﬂa;h%ndnﬁl&ﬁhﬂ ARl Befilrdger NilrdgeA'H féeB&t8am 180 is

flow back into the ["ow pressure

15
d@ﬁﬂmﬁmal 9 Hleb%nqr@*epn anesda argsinglumn tﬁp giBeaiArogen will
aeeulrmmaﬁe aX Vst uh’&@ﬁﬁéﬁ*ser‘ ﬁocmtﬁigneﬂ %@ﬂr @?ﬁ’ovwaetoca%&gnrate in

ically be hut down wrate

CPRERNSSE ﬁ&rﬁomgeﬂﬁeé 12@ willqeage ttQJ ugiafm RIeperiyo andfiauid held up in
cBRIMERSD Ray ﬂb@%cl@ Tn@éjﬂh%tlb\ﬁ?reiﬁgrecéb'l sgLHEgé&‘%olu-Fﬁ’n dumping.”

avoi d col uim dunpi ng, low rate
On column dumping, oxygen product is contaminated and the column will typically be

shut down.

[0012] The flow rate of feed stream 180 is selected to provide a balance between
argon production and column dumping. To avoid column dumping, the flow rate of feed
stream 180 is conventionally kept well below this threshold.

[0013] The flow rate of feed stream 180 may be pushed closer o the threshold without
column dumping, as long as fluctuations in the system are minimized. For improved
argon production, downstream processing, such as argon purification, should provide
minimal fluctuations to the system.

[0014] For example, any streams returning to the crude argon column 150, such as
stream 190, should be steady in order to minimize fluctuations in column 150. Any
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stream 180 is conventionally kept well below this
threshol d. [0013] The flow rate of feed stream 180 may
be pushed closer to the threshold wi thout colum
dunmpi ng, as long as fluctuations in the systemare

m nimzed. For inproved argon production, downstream
processi ng, such as argon purification, should provide

\%Qlaﬂbﬁ‘lnr@IeaH Y60 WildraBreb® strddim %ﬁt'ﬁm s[b%g&ﬁge é:oq{denser 170 acts

exanpl e, any streans returning
tosiramma fixed anmohofa@posmtcemwma 050 gh dduras uep@‘tlretadmwdnTherefore

\%ﬂsfltytlﬁ st TapSvil E%&%ﬁ?@ﬁgﬂ féeﬁ%#ﬂég@ 1800- Any -3

variation n stream ect stream 180.

[Bb‘lé] i ‘Ph%)&“e%‘ﬁﬁm}é‘ﬁﬂgﬁ I%Siﬁlren&&gg%t%ﬁde Ir% BRY rﬁerftIoI%&&’ f benefits while

nmount vapor 1 nto turns vap
wecgﬂrmngmﬁedvﬁrdagas of ther pricsialrti ty i n stream 190 wi I I
cause variability in feed stream 180. [0015] The
[BOt&lenin anrerebedimant thei presand inventiongs aumetbod fos producing argon

%?g’%gvan?hé@@ %Pglt%hw ér?a?'gﬁh lcSntamglc? ﬁ%rhgcryogenlc distillation

cmlm@rmnmaasmg e mﬁmof atrieast giporticnof thenasghvdontaining fluid in a
RESHYBH Iﬁgre%%ﬁg:bre%h%jfﬁ‘étebgqmlh¢h'&9 #’ésgga @oﬁ%oﬁféining fluid,

ar gon- cont al ni
iglsvdueing atﬂﬁaséamrt@ntqﬁ &qwmassadcﬂrgm cordainingdlujsbinta afirst end

Hrtid & ¥ @P&e&&ﬂé SN thisB g‘ﬂb? vb&kef wﬂﬁﬁ%ﬁwﬁ Q'inrst 1 grgon-rich gas

| ncreas@mg pressure Phere ormn
feryaisee @ndqpcwgom pithe flrslpresaunecsm@g a@pqmthne@gselaAfter terminating

tﬁé) rftl'oﬁﬂctfgn d& ?ﬁ@%@%{oeﬂ'g?ﬁ QSHaﬁﬂIé;f%&nhfbgthE ittt Brd 2L R swing

I rst
aai@gmtrpn iV@$seIId 8 methcmi adedrding this mﬁodimentdlur@}mcomhsmwathdrawmg

%Tb?sﬁl%%d%a%rffbnﬁ’% Ibhﬁrbng fWeef rfsf e(n%tqq?tr a:#f a’ﬁ&%lé‘gomon of

orption ve termna
tbq! figsh Qfecsewprmanm@m vcessﬁl aIIeIemgreﬁUungI therpressune in the first

pfréés?ﬁe Nﬁ@%ﬁi&@r %s Saoﬁ P?ﬂegsﬁﬁ&g ion 6rQ§sJF§trE8ﬁIatmg the flow

ccordin er co
QI\Iat Ieastaam@rgon 6f tﬁediepre@ssmnallmagamhy ga@mg tbmaateastamport:on of the

o%ﬂ?es%ﬁni%ﬁ‘én Ing 3 2 Hdn8 %rtn"ngfbé@gﬁ ff?)\nm'\g%'bg lfc?rﬁmg 8 gbfqﬁated

essure swin ion Vess
deétasgumatlon gaprarnsisotreducingtai dedst a portiop rof heuregulatsdrdepressurization

GAdSRG RE 38 é/r?es I19 Ergo?%rfné ﬁ? biati6R FSIﬁﬁw dr@%é I’r{éan§ o increasing

pressure, reg

Po@SsuUres depressun zat| on gas by passing the at |east a
ortion of the depressurization gas to a neans for

[0@Far dior atleBsi030% e dstHh\of ther eyictedtinee, tiegyal laastc ®ation of the regulated

o@@%ﬁéﬁ&m?ﬁ ?éé %ggﬂl d& } W R G 5B, ér?c?&éO"/a . OF within 66%
at’ed depressuri zat oh
and 200%g néth@ftln‘newevarage;g@niac floiv sate lof thisi ad feasbéa pnmoamﬂ trtehegulated

JEBRISuAAlioh B5E. 5% MI depressurization pressure may be 0 psig to 20 psig.

[0018] The argon-containing fluid may comprise greater than 50 volume % argon. The
first argon-rich gas may comprise greater than 90 volume % argon. The first argon-rich
gas may comprise less than 0.001 volume % oxygen.

[0019] The method according to the invention may comprise one or more of the
following characteristics, taken alone or in any possible technical combinations.
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pressure. [0017] For at |east 90% or 95% of the cycle
time, the at least a portion of the regul ated
depressuri zati on gas may have a nolar flow rate within
50% and 400% or within 66% 25 and 200% of the
time-averaged nolar flowrate of the at |east a
portion of the regul ated depressurization gas. The

[bo2d ﬂ%’l’h@ﬁﬁé‘fdr ﬁﬂide%m@rﬂ%mmr?e 6Fa¥erf? niisH &aﬁo(%%?nse a gas

18] The argon-containin
%Peg*taé\ceﬂwsmd\ﬁdﬂqmﬁtwarfmhresmnﬁon fli hﬁgtas ga@mfan% feans may
HEve aRNurk€ Tt 'iss@s % S8 tikles ttrﬁb"‘ﬁbh?rﬁe %P h'é"fﬁst%é’ésﬂ%‘%wﬂa @dsorption
first argon-rich gas may conprise less than 01
‘k?&?‘ifma %oxygen 30 [0019] The met hod according to the

i nvention may rise one or nore of the follow n

BfEHacthe ¢C§W§§S arefrcemtaniadiuid may Agmpesegen, and the method
rﬁé%ﬁﬂfﬁthﬁﬁéorﬁﬁ’ri’@' K\%tk&lﬂﬁadsorﬁn%@i@%{%%gmﬁ tHE Afs8 pfeQbure swing

noder at i ng lowin t rese ntion may conpri se
agisgrpdion yagal Pﬁ'aﬁééfbﬁéme%ﬂﬁf siev@ownst r eam f | ow

restriction. The as capaC| tance neans may have a

[00#2] e hergyentiye onegh%mém furthee sompesa withgsawipg aififet equalization gas

fRIne BRUNRIdRVPIMbrASIIRE Risk Bl%ssﬁ(r% Wilg agk ao@o‘&%ﬁ%sé@? elntroducmg at least

conpressed ar gon-cont al ni nf% ng)rl Se OoXy
iomaf the fiFRd @auatization gasie %&rﬁben%@om@m@ 3 seqang pressure swing

aRdeptiBh DEsdeN Svirb-AfiRy h Rebdify édJaﬁia'tBﬁ 238 fof tﬁ@"s@&ind end portion of
adsor pti on vessel usi ng carbon nol ecdl ar sieve 0022

the, Hrst RpspyeRYInG-2dRoERtioRvessal: anstincesisingst least A@edianm the
séﬁérhd SduaMSatRIn gealihe's $end %ﬁ@ BbiioR omh‘é@eﬁ?rﬂ’@ﬁrtebgur}e%ﬁwng

first pressure sw ng adsofption vesse
adsewen¥esilat 1 east 10 a portion of the first

aﬁllzatlon gas into a first end portion of a second
(00 e 18yantiYe methndynay funhes eamprisg intreAusinioR;secosd @sgan-rich gas

ffrad IbdstionB b 9’%%5069@%&@%@%&3 %t‘%ﬁr\feb&q aff a thit® pressure

first pressure sw n&a sorption vesse

SWNg %@&twg vepsql ide easqmw EB% pertiop ﬁéthesfé%tcnﬁ@ssure swing
af8omptib 8édsRNdEHY dt Mt 8 pdRIBARE tr%is.)ger \kl'tHH?a\%

second pressure swi ng adsorption ssel ?0023]

OPREeSEYAaHeN 98S-met hod may further conpri se |ntrodu0| ng
fromat |east one of th

on-rich gas
[G24T Srhﬁr' aedivamely aybehpt saamprise dbering,adeasterarion of the
d@bl‘é%&h’riz%tloﬁ pw \orrRdsRinblé RIRNERSAS fu'rtﬂchdrﬁ‘;S’ns%Qth@ﬂ% §ﬂg?st a

Eortl on of first pressure sw ng dsor ption vesse

PREioN Y the regulatad %@pﬁ%ﬁsﬂr'éﬁi'oﬁﬂaﬁhe step of wi t hdr awi ng

[6025] The inventive method may further comprise introducing at least a portion of the
first argon-rich gas into another cryogenic distillation column. The inventive method may
further comprise introducing at least a portion of the first argon-rich gas into a purifier
vessel containing a getter.

[0026] In an embodiment the present invention is an apparatus for producing argon
product comprising a distillation column having an inlet and an outlet, the outlet for
withdrawing an argon-containing fluid, a means for increasing pressure of the argon-
containing fluid having an inlet and an outlet, the inlet in fluid communication with the
distillation column outlet, a first pressure swing adsorption vessel having a first end
portion, a middle portion, and a second end portion, the first end portion in selective fluid
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depressuri zation gas. 20 [0024] The inventive mnethod
may further conprise filtering at |east a portion of
the depressurization gas. The inventive nethod nay
further conprise filtering at least a portion of the
regul ated depressurization gas. [0025] The inventive
met hod nmay further conprise introducing at |east a

dthLSBatin Wlhﬁhefduﬂéttof%'iélﬁ‘u@aﬁé ﬁ)‘? |f&?e$asi rf?eﬁ‘u?é rh% a second

cryogenic distillation columm. The Invéntive net
Rg§SUre swingradserrtien ypssel baying aélfm@nﬁgoanom @asddlgpomon and a

Jeebhd @Rd %rtbhethfe'fﬁs‘itenarpgﬂ%nrdf ﬂ’fé nd PEeRs@reliWing A&ormption vessel
vessel| containing a get [O I'n"an enbodinent
ip seleptivesiipid comeRication wgh sne Qelﬂ'ﬁh@ dhe s1eep8 fqsrinmiersingpressure. The

ajpafdtus Bf tﬁ@%éseﬁ?ﬁ%ﬁtfdnﬁ%ﬁer%ﬂp‘n%é@ﬁ 'rr%%n& %r%é?ﬁmgrfﬁaw having

an i nl et and an out , the out for draw ng
'Q@F] ap@an &NH‘Ptnﬁ"-‘f'P'ai @f th%meéaﬁéor ﬁ‘@ﬂdeif rﬂtﬂgé@w IR gelectlve f|U'd

dInfRSHERioR with ¥Be #Fd @Rd %Qrti‘éﬁ ] f‘He‘T!r&Q?r%élég'r@ SWRY' a’&gor?ﬁon vessel and

inlet and an outlet, th commtini cati on
inselectivediuidy p@mmun@an@hwmm@rﬁﬁst@nm prortionof the secopd @seastiee swing

aﬁﬂogﬂloﬁ%%&tthé’ﬁuﬁﬁ%‘i e Max d{!@ oﬁé(aﬁﬁ%ﬁmtrhM§ Ebrﬂﬁwunﬂ:atlon

ortion seco
Huatd%ﬁ&t 088 of thedalebefthe distilation colslmfbanﬁ}hﬁ mthﬁha/\mﬁns for
ihdBading bRIss@le. t he neans for increasing pressure, and a
second” "pressure sw ng adsorption vessel having a

bosAt 'FméijQﬁé foP modérdghg Abf. n?’%if dn%?l?e%sacagéafa‘?ﬁg ndihs and a

(E)th on, first en orti e secon ressure
”ﬁﬁe%mé'@l”rf@ﬁfﬂﬁtl%é' §e(downstream dew ireadrigtionineay compﬂse at least one

RN EBAOL AN Thei dal chﬁf%ﬁHéé RleaRf m‘ag‘ha anBIuhy 0.5 to 20 times

i ncreasi ng pressure appar at t he resen
gregtenthas the velume of Herisst rgessuae Awing §dsefpt%m@sat i ng

flow having an inlet and an outlet, the inlet of the
[AQ28]s Fheranpgmtusacqading duihierdnwestien may eompgiseione or more of the

f6|m&bﬁa?aéteﬁst%ttakéﬁ§|oﬁé bP ﬁ'nsa‘?'g%oﬁgigﬂe' t8Ehritd 3 E&ﬁbuﬁh{ SHs.

pressure sw ng adsorption ve In se ective

[66ag)d nmwsﬁm&awmbtdaséﬂbﬁoﬁ RE @ﬁaitne%&?]ﬁmp@&?&ta Swing

second pressure swing  ad sor%c| on vessel e out
agsorptian ket may rcon@ueqaémm@o B $iAve.| ui d

é‘? nication 10 with at | east one of the inlet of the
(0924 | ihemigrleRaninmof e firshBressyreswing adeerntieryessamay be in

selRetivahiia Gomhﬁﬁlﬁ:'éh&a with @/tlrst 1Ry poRddkSofftRé sé%ﬁ%rp?éésﬂﬁé swing
fl ow maé ngrl se a gas capacitance neans and

agsqmptien whﬁ@@penc&endappm% ef e firs preéanﬁefavﬂw adsorption
vBESd! M iHeOR sBRYEIVPIIE ESRmihichfGE Wit sef:bn‘?d\’eﬁd’ﬁét‘h&ll of the

val ve. "The gas capaci tance neans nay have a Vo
spePnEhPrep$HEg swing adsorption vessel.

[0031] The apparatus according to the present invention may comprise a particulate
filter having an inlet and an outlet, the inlet of the particulate filter in fluid communication
with the outlst of the means for moderating flow, the outlet in fluid communication with
the inlet of the distillation column.

[0032] The apparatus according to the present invention may comprise another
distillation column having an inlet and an outlet, the inlet of the other distillation column in
selective fluid communication with the second end of the first pressure swing adsorption
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15 greater than the volunme of the first pressure sw ng
adsorption vessel. [0028] The apparatus according to
the invention may conprise one or nore of the
followi ng characteristics, taken alone or in any
possi bl e techni cal conbi nati ons. [0029] The first
pressure swi ng adsorption vessel and the second

BSRIED T SbRle MAREARL PR R AR SRR pressure
swingadsoretioniMessedwi ng adsorption vessel may be in

sel ective fluid comunication with the first end .
[pe33]i orhexdpparatus acesnding kaihe reseshinvgntiondsay mmmse a purifier

VEESS %bnt%ﬁ'ﬁnvaf Qgeﬁﬁc?ﬂéj & ROEdel R@y Bk if E&e&lr\]/b fuid communication

pressure s sor |on vesse
wilthithel outietral thecpreseine aiving adserptien cmseé ridenitie erthQ)ﬂU!tlflﬁé outlet
rﬁ%ﬂ%‘% fRfifccting Mu&%.ﬂﬁjﬁ%ﬁm&f &Qh%/ Efheflis nr%%o.& leﬁﬂriln The
appar at us accor Ing t resen |nven

conprise a particulate fllter havi ng an |nIet and an
outlet, the inlet of the particulate filter in fluid

conmmuni cat i on ﬁﬂj@ pﬁ-{@Ng DERaIRg or

noder ati ng fl ow, e outl et comTunl cation

[W034] FiBe1ishbRs g%&hélﬂﬁts el ddp@th&g‘aé&"diﬁ@to th8 Predlent iGention.

apparatus according to the present Invention may
conprise another 30 distillation colum having an
inlet and an outlet, the inlet of the other

di stillation GETWT'EED DE@IP‘FF@N@F“THE@NVENT‘WN cation
wth the second end of the first pressure sw ng

[6aBB)" mneqdroducﬁnoﬁas&@on%ﬁn & Barégérﬂéhlr\é.é rbt.thrdmam is known.

comuni cation with the secon e second

Gorwertgnally, &g ﬁ@oa%\a%tspm{amaem will baeeshighged low pressure

oRRiPATon dbTurdes aidla BEIde ArddiecdNirRs 88 Hesdhibeatin OIS, Y. No. 5,313,800 to
conprlse a urifier vessel contalnlng a gette

The
I-’gwam Ekal. cafgy threcrude argop@ojumen Mmayidg incorporated W|th|n the low
pPENEIESdhh Aa dﬁnd@d@hl Itc,*&ﬁf@kl' léﬁ a@cfjestchSe@ N3 8YPat. W B8240,744.

adsor ption vessel. The out the purifier outlet

[0036) berg useli! Helréln Ctﬁé“i@ﬂ‘ﬁ '%BﬁJh‘ﬁ‘f" rﬁ’éahQ atdmulaﬁﬂneér fFHctlérﬁHﬁon column or
ot her dlstlllatlon col um. TI ON OF

ZPRENWENE CPBIGSUNT fqlemn pr §Wh§’%'& Fﬂéﬂ%ﬁﬂ@ vagor@ﬁases are

caﬁrﬂéfo@h‘éﬁt ﬁdé@ﬁ) dffoct SebaratRmN b fluftViBiddreas folBxample, b
Bé@m ON CF E'I%)E I NVENTI ON [003E] The  ompie: By

cemaeua Foldhe a%poona@a rﬂ'qfﬂﬂmaaew/sgerr'ﬁscofaf[eftwgl&)b%na&@ﬂ &idys or plates
miduitdd Withif BEblumn and/or on packing elements such as structured or random
packing. For a further discussion of distillation columns, see the Chemical Engineer's
Handbook, fifth edition, edited by R. H. Perry and C. H. Chilton, McGraw-Hill Book
Company, New York, Section 13, The Continuous Distillation Process. The term, double
column, is used to mean a higher pressure column having its upper portion in heat
exchange relation with the lower portion of a lower pressure column.

[0037] Embodiments of the invention are shown with reference to FIG. 1, which
illustrates an apparatus 1 for carrying out process steps of the invention. Equipment
relating to cryogenic distillation may be constructed by means known in the art.
Equipment relating to pressure swing adsorption may be constructed by means known in
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Conventionally, the cryogenic air separation plant

wi Il have high and | ow pressure distillation colums
and a crude argon colum as described in U S. Pat. No.
5,313,800 to 15 Howard et al. In some cases the crude

argon colum may be incorporated within the |ow
pressure colum in a divided wall configuration as

tﬁsa&r obsﬁnh@ cbhcﬁnorta%owhl@n tHer et @xds %p‘llas sFQémhy AdtedSAEy be used

herein, the term "colum”™ nmeans a distillation or
for garpvingheutitis inventieh or  zone, i.e. a contacting
columm or zone, wherein |liquid and vapor phases are

[8038]: e araoseddsteaam 389 Bamithe low RIeBSUe SalAY (Bpt Hrowg) is
|ﬁt|rédeé'eH‘tdeérc¢ud@§r Bﬁ lcoRKAAH0S ThE Xrude a‘FéUH EflirhA $haY havB Pnultiple

Eor and i d p ases on a series of vertically

eder vawsse@vorm Hh2and Hhéukicstd 181manbe Fﬂm%\@ﬂdfﬁﬁn the bottom of
cmu évgoﬁ %om 18tarR] |ﬁﬁ§<¥1§0§d%€@ gﬂge v Hfgﬁ§%r?‘éoﬁfmn A gas stream

random Ing. For a further cussi
1§65 whwhamawrmﬂseraﬁeate@,@én BAwolomas émonasgwiﬁlééawrsnear the top of

th@B&Bﬁ\‘h“andfdtfléd%t ﬁéihthlﬂfbnd ﬁ’iéoﬁﬂ cBHdé%seF‘H?dD @dn)ﬂeﬁéléi* 190 may be

G aw HI'l w Yor k

'@éatﬁt%wmn thm@mdﬁ AEORESIENIDI 29 on may g%ﬁ SPPaiata; uessgh & portion of
the éﬂba&%ﬁ%a@ly%@nﬁéﬂs@ﬂ%treérﬁ 1‘7§Qﬁ’a§ b Fﬁ%@&uc%d'ﬂa%lg g{to crude argon

pressure col Ui avil n Its up ortlonln
coluemnhfas stream dﬁ%wm amféhwmorpt?ﬁt maybe pagsaditreugh an

dptissa %St Qﬁhﬁﬁ&rr L ENET 'Ingi'ﬂ?%a\%hP?E@sshﬁV@d‘He% forming a

are shown wt eference_to ) _ Ust rat &
c&mpa@f;ﬁsﬂar grn-gontajping Akidy The means far dncseasing RrgssLse "’t&Yebe a

u I
O il of SR e ol bR, SRR B portor it presses
PEggSUregga Equlﬂpi@rﬁﬁfﬁ emfﬁtﬁﬂnﬁhq GOYDPf@g%Qf-’r @rgenicagiaining ﬂUld may be
pgg% @téno%}@w Qe Mu:t ed by nmeans known in -7

the art erati n con Itl ons known in the art, except

[0639) P etHel édiﬁdrbé(se[ﬁcérg&]l-c&ﬁﬁm fﬁg glﬁﬁﬁg pgéé?ard t6 %rp!ré‘éé@ﬁe SWing

this invention stream 180 from

adrerptipn(pAksysten. dheiompressed argamngontaining fluidsaaichaver
n |
térhﬁev@lﬁh‘? %eﬁfe%‘ﬁflzé“é Hi53%0and rﬁ‘cﬁ/eg %*‘é%%?% Defiveef| 0 BLi"8Ma 130

have nu packed or traye
Psigq The Pfﬁﬁsblr e19ingragsaptignesysiasticomprinesiat lagst tmerpressure swing

a@l&b’t‘éﬂoﬁ(@%%llscﬁ m:d %%cﬁegnthmmgqg%%%&a%ewoﬁéb%omwts One of

ressure CcCo gas Stream whi ch rse
t@e BxeEma sompEe.cararevRigedansieves (GHSH Gacan melsﬁulalh%eve

aﬁg&b@ﬁts dd&?até Bhsdo JEQ Firtic %%@&Fwtfr’ gj'rto&?é]énycdﬁ%@@ﬁ)eéi'ﬁbﬁ‘ The

condenser nser tegrated wt
Oetmertqﬂitileﬁ;esanf@dhe ammhentimerdhamsgonealbwagofaear@on to be purified.

A\fﬁélg)%'nts l%s@@ ol Sel%gtnhg%r@&s{ I%J ntthat operate on
condensed stream e | ntr uce Into

eguijbrium (or thermodynamic) selectlvnty Adsorbents that operate on equilibrium
selectivity have a higher affinity for one component relative to other components in a gas
mixture at equilibrium. In addition to a CMS adsorbent, the pressure swing adsorption
vessel may contain a zeolite, either as a separate layer or mixed with the CMS, that has
a thermodynamic selectivity for nitrogen relative to argon. The pressure swing adsorption

system may operate by various cycle steps known in the art, especially the steps used in

nitrogen PSA systems.




10

15

20

25

30

col um 150 as stream 174, whil st another portion 176
may be passed through an optional heat exchanger 60
and to a neans for increasing pressure 50 thereby
formng a conpressed argon-containing fluid. The
means for increasing pressure may be a conpressor,
bl ower, or other device known in the art, or an

[@mﬁonﬁﬂa%aka Y mbﬁ%@@ﬁé com 8F’és‘§§§ Hrg%anoatdm.ﬁglﬂ&kdtl@.gtroduced

as expansi on. he conpressed argon-contal ni ng
r%ﬁ;a fwe engpostion @fcp"’é‘-‘ﬁutﬂ)%\f"ﬁﬂ anserev@evaﬁégbm vig gpen pajgg 2. While
tHi8 BofmPraREES §F§$n%oﬂ?ihuﬁ«?ﬂ&né'u§‘bél§ fngl‘?tsi?%ér?? apf%gsfeﬂ da8, @hich may

pressure sSwn adsor 1 ONn .
C@msegw@réh@bm &@nm&.%nafgynfa lessihgn RHPA velume % oxygen, is

ﬂlﬁﬂ%\?@ﬁé’rﬁ% LRbNEBRd E&%Qﬂ %f‘ﬁe%@&sﬂﬁ@sﬁﬁ BdSorBliGTyassel 10. Argon-

between 30 psig and 130 20 psig ssure sSwW ng

nﬁhgés maycnase;ﬂyp@m prodiget valve ﬁande\@é\te Gmﬁ\t Iesta aﬂélon of the argon-

m‘sﬁbgﬁhﬁ@ J?g%@s@"@ gs%ﬁ‘ A %Bt'&ﬁd;b g{/érr'?:q optional

hﬁﬂ'&/e%ﬁmefsﬁ@ @aﬁ'%@hdlﬁ‘tﬂa&@@ ralms; 12Peandiiien to aaarasn product
s&p&g&%@g, focve adsorbents operate based on a kinetic
selectivity for oxygen conpared to argon. The oxygen

[654‘1“] Umiohﬂltﬂjrﬁ‘@%@ﬁiﬁ? rbgea'ﬁg pﬁﬁﬁér%ohﬁ FthR! HOBr removing trace

| Owm ng the argon Adsor bent s based

"Bﬁurﬂleﬁe r @X@Bple@tg%ef-?a%ﬁ&tumgt @ﬂﬂf@r g ﬁW&H@OP@W'@ getter
?ﬁal@ %fuﬁb@raﬂgmoﬁ E'}é‘télé R5i : cbpﬁérnﬁlgp(él 3&1&&% iron, and

ectivit sor nts that perate on eqQ rrum

”!?élgéﬂﬁﬂl iu-§. Rateat MNo.i, %TQWHWKW et g, disntosesaanitensystem in
cbﬁnbfﬂah £ with cﬂ.‘d%‘%frg@??@rgﬁﬁmr? de%i\(guﬂuﬁ ngﬂgﬁtdi{/ﬁr%y reacting

equi | rrum nto a
hwresgm MéthxyaR) impution oven a noblesaptahegtalysirugh as platinum, palladium

ak8Rk httl%nsiﬁh h‘%@ab%ﬁta"f’ysf; rﬁcl&éfwd% rﬁ"wa%r)‘iﬂﬁcr‘/‘fstr@mw&d in a

her mnodynam ¢ se ectivity ft
dmer rY§eRat. Hoahi 128,909 @ﬁc@sﬁs aTeexp Ll ngambingtieg wnth argon
pgm,g,t,l on system may operate by various cycle steps
knovvn in the art, especially the steps used in

zp ogwat :8&4% mé%n%mmerﬁ of 4 MNertiBn B?d%lB Qj;éilllaﬁ gﬁ% 120

npr essed %on cont al nl ng Isintro
rerne\@Saadditmal @tﬁ@uqmq orenntmdugmgém slecamigife K0 profiest storage
V48810, Al G P el 1t P aiRaER s may b

infredlucashyia sondiyit Teddmine sendeneenssctiomel Hisiijaiias entemod 20, The
c@ﬁ&‘?ﬁe?‘l‘?ﬂy b@-‘?ﬁegﬁ% Wi tl@r%lsglﬂtiki%o W’m%ﬁbéa separate vessel.

wi thdrawn from secon orti ressu

Asitieaq eandainipgiinpeased asnounts owtgqgen acihe Wtedworpé@etop of
chiOrAUR \ﬁ BOHHit 1‘23|aY19 alstrédnfwiibirRiedSirgdtt exXit@Rtoudh conduit 128.

portion the arg
[0043] Argon product may be withdrawn from argon product storage vessel 100, as

needed, via conduit 102. Boiloff from argon product storage vessel 100 may be passed
to optional distillation column 120 via conduit 104.

[0044] As part of another phase of the PSA cycle, the introduction of the compressed
argon-containing fluid into the pressure swing adsorption vessel 10 is terminated by
closing valve 12,

[0045] As part of another phase of the PSA cycle, a depressurization gas is withdrawn
from pressure swing adsorption vessel 10 via valve 11 and/or optional valve 14, thereby

-9-
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rich gas may be passed through optional surge vesse
52, optional purifier 54, optional heat exchanger 60,
optional distillation colum 120, and then to an argon
product storage vessel 100. 10 [0041] Optiona
purifier 54 may be any purifier known in the art for
removing trace inpurities, for exanple a getter-based

redéidg the'p r@s@‘»@‘s{)lﬁ éﬁe%%‘%ﬂ 'aHs?TE%fv&EEI ﬂﬂbtaeﬁnﬁl depressurization

materials 1 n tranS|t or exa
Pressppee herﬁlﬂ@k@pfe%‘@ﬁ@mn pressyre igrle pregaldgasedng adsosvtlon vessel 10

mAVBED SI 194 to Hopkins et al., discloses a
ﬁte yste %3 conmbi nation with crude argon

[0([1&63' fDLﬁi?\b'a‘?ﬁ?s%éH‘Bf tHBistep de?fﬂHr%m@ﬁQ’ e&ép&&%tdﬂégarjg%n-rich

rogen w en | urltles
gas may tassmtr@@meda/sa rmremrlng uﬁﬁveﬂaumtgmemecoaﬁ @ngpogion of pressure

swhPAURIRR vBRed 107 AfgBhgh gl Wiyt Hipfes b B Bl
adgerptivr ¥esseh2Ql aplional sutgei iesse) $8i eraarofrer pressues HWng adsorption
vesid i the 2hLE B mb%?% gb@?astﬂrb i esQé]?uenbOd' ment of the

I'nvention, optiona n colum 120 20

[odﬁTDVu‘?ﬁt ad 6He°éh%od?héﬁt%ﬂ{é iRGdrRIoR, étrféa{s?gga‘birt[l%

stfreamto the argon ora VeSS
depregsirization gag) 6rpass s BeRas fq@quetﬁtmgrﬁl@wwm“ew@matlca"y as

af@wsédrﬁr'oﬁﬁél\%‘sf SHForMYd&ating fov y%‘éﬁwg}’lbé‘aﬂegﬁlﬂnb of a flow

e con enser section of dis t1on colum
contyg) valyRea gas Aerarianceymganscinicambinatioe withiardewnstream flow

res‘iﬂm?tbh' ard A BrosS Ol tHRtrd A whERY tREdGWTER Frﬁ?r@sé{ﬁé *&ontrolled.

A stream cont al ni ng I ncreased anobunts 0 trogen may

[Odl%y & W 86htfdi QaVE Eﬁéﬂﬂ@d ﬁ%te?rrr’aé:é’ bikiABe Jvﬁ@h\é'aﬁ Ip%&?ﬁé'vfanable

a stream uri argon exits t
resisiaand 1o 1opa The resistanosldun devieelisoRriadin oideuiorashiexas desired

rarlde flemg{é product storage vessel 100, as needed, via
dﬁg‘ 5 Boi | of f from argon product storage vessel

[oo4a9 Wﬂbub?esﬂ%éﬁgfwﬁ& At bﬂgg taQ' b?ﬁdc'ité d rﬂ@a%ﬂ?ﬁ? 140 type of

via conduit anot her phase’ o
valvpcarpiiceyas the likehe i nt roduction of the conpressed 30
on-containing fluid into the pressure swing _
[O%QEOMQW"@?}%’@E?SS}@E penteab valve i defingq herginas %ge\m wbich can

proE%ce VR4 redfstiitielto AbwaTIY Fb%fstag%@%? tHd dd A& B VA& Al drder to

depressurization gas 1s wt from pressure
ac!wehg dasieast gnpe At WG§%@'BS downsteeaguefitbe mesawe/@ntrol valve.
tional valve 14, thereb -9 reducing the pressure
IOQSHJ pieaR grbodifpany otammw%/ ih a leastea partjon ef thefdepegssurization gas

is FHRBEE 54 fIbw RbhPd) valve 32, thereby regulating the flow of the depressurization
gas and at least a portion of the regulated depressurization gas is introduced to a
location upstream of the means for increasing pressure 50.

[0052] In another embodiment of the invention, at least a portion of the
depressurization gas is passed t0 an optional gas capacitance means 30 and then to a
flow control valve 32, thereby regulating the flow of the depressurization gas. At least a
portion of the regulated depressurization gas is introduced to a location upstream of the
means for increasing pressure 50. The optional gas capacitance means 30 may be a
surge vessel and/or a volume of conduit. The optional gas capacitance means 30 may

-10-
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pressure. The final depressurization pressure in the
pressure swi ng adsorption vessel 10 may be 0 psig to
20 psig. [0046] During at |least part of the step of

wi t hdrawi ng depressuri zation gas, argon-rich 5 gas
may be introduced via netering valve 17 into the
second end portion of pressure sw ng adsorption

H558 28lolutfe 04 19 Bd- t[gﬁe"sh%gé't%r 5% tQ‘iP%Q’%\é'g‘f’é’éief {HiN the volume of the

pressure sw ng t1on vesse optronal surge
RIesSsHEs SWIng E@ﬁDC@ﬁ@m Messepi®ssure swing adsorption
vessel in the case of nore than two adsorption
[0e&Ye| !5 anptb@wwbp@rrwmt plthe inventions @b sastapertien ot the

deprsabiiffion ?%s i€ astondinPssES 'Ehcieu%ﬂ 4 ﬁlté'rQnot ng\Pm) before being

pressuri zati on gas I'sS passe
Imﬁma@ inhepermeans fghlomaglag@msu@aﬁq y as a flow
control valve 32. Means for noderating flow maly
[8@34]r i's @ngther embedipeat of the invetien, ebleasia partiow ef the gas

EPRASLAZIGR g3 MpriRafiSHeRa1d 0ok Moatrahc AHERS AT
suheequently flow santiel yslva 34, herehyregutingdhe flpw@nme depresswrization
da8Mh@leqy, %Hé’c?%%p%%?ﬁwk&%g{b% %J‘?@S?tfl)ngﬁg}’ﬂﬁ{sem Sﬁldﬁﬁf‘fllter 42

roduce arl a resi s resi stanc
8@15 heat exciangerbQ andthen édroducest inter crude agion solbimn s iQpélanal filter

@%vég afr\[* 8%\‘"5@51% that X el ﬁtﬁé Qe Rrbin! thé hgébrgtlon vessels 10

mmstrea as ca tance neans
ang290. dhe regulated dawegsurfzaw gﬁs magbe int@duq_:@%/)@@nemr more locations

gﬂ@?g{g\élitagm ,ﬁﬁ?gggs%&hﬁm Figglhve is defined herein as

produce vari abl e resistance to

[66531/- aﬁ%ﬁo{héﬁb eSf th@sn%eﬁﬁaﬁr, Q6rin a bﬁ%f iR é%é’é%% cycle, at

| eve a S|re range 0] ess omnstr
|Q&$é amoammf dhedenressiurigalioncgas(is ogaqedltn gas] capgsangesmeans 30 and

aﬁ Reast FRPbdrPokthébie %fﬁrﬁé’é}nz&ndwgéé dﬁi{ba?éesfqb‘% capacitance means 30

e res uri zation
tww@v@ze 31 newringythiserpation ofiige cyede, valye36fis cleed and vaives 32

aRaRK 93%53) ﬁﬁééﬁﬂo BAFOIANEHAW 6 %?fhe%e??é&%%ﬁ%ﬂ% ghb! Q%unng a

reg ul at e ressuri zati on gas 1S I nt
sp B%%queahpqrp@m othe PETCos Y Qi Al er s clesestospraven edditonal gas

fr%@h erﬁt@@nr%% Eh&%@ﬁ%r{b%rmé‘i%% Walbs 82 ahBfr b@\‘:ﬁﬁ'ﬁdt@% cﬁﬁtrol the
| east epressurlzatlon
flow usl @tﬂtermmmrg@féhe; eysde whem fiew peatral valge aﬁ@pensatﬂ all@vwas to exit

gfarl% Q%é‘éﬁ%éé’he}iﬁé 6. Tifls ertngsgfﬁrnt FnS?H t¥hdeP etdnseé #Jé’q\’ﬂl%fssure in

depressuri zation gas a por 'on o
thee§&Aat ed depressurization gas is introduced to a
| ocati on upstream of the 30 nmeans for increasing

(90563 s Aceoming tTHan asphadiment of the ivwgrdion: tarfacilitatecatability ofte
dRSiliation process, the regulated depressurization gas, i.e. regulated by one or more of
flow control valves 32 and 34, has a molar flow rate within 50% and 400% of the time-
averaged molar flow rate of the regulated depressurization gas for at least 90% of the
cycle time of the PSA cycle. Here the molar flow rate is defined as the molar flow rate
immediately downstream of the means for moderating flow. The pressure swing
adsorption vessels are subjected to repeated process operations, such as pressurization
and depressurization, in a cyclical manner. The period of time required to complete one
such cycle is referred to as the cycle time. In another embodiment of the invention, for at
least 95% of the cycle time, the regulated depressurization gas has a molar flow rate
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10

15

20

25

30

surge vessel and/or a volunme of conduit. The optiona
gas capacitance neans 30 nmay -10 have a volune 0.5 to
20 tines greater, or 2 to 10 tinmes greater, than the
vol une of the pressure swi ng adsorption vessel 10.
[0053] In another enbodi nent of the invention, at

| east a portion of the depressurization gas is

v@mm 66%lanY PBsSEdnd hh@%@raaealrhdlﬂﬂom@ie SA¥PIgURREST €

bei ng 5 introduced to th means for increasi n%@ o
depeassuiizatign QaﬁdOMPfhﬁhe@h@@'ﬁ‘@ﬂf efrthe invagiian, & at fpast 95% of the

cyOl¥ Sifte, Hy re@hlaie%ao%pr&sﬂﬁiattl'oﬁ yaQhab B@nolgﬁﬁmﬁﬁiﬁ@ Htﬁlﬁtﬂo‘?@ and

gas I's ogtlona passed dgas capacltance neans
18A% ofdhe @quﬁé’ﬁfagﬁdﬁﬁ@w f&bﬁt&*@)ﬂf thereguladad deweﬁwgzatlon gas.
uI ating the flow of the depressurization gas. The
dI db an embedisaent of therinantigadheRipcess ePnpERes|anequalization step.

g@f@oh QaSRid H‘Tdré\kﬁfroﬁ‘\% ﬂasadwﬁorh&af,f tﬁégwgmsvﬁﬂg

en‘intr uce crude argon co

a@g@rpa%vessel 1@ pasaed thegupheaiverid qmrqhe@la w@hf@giﬁm infigguced into a
f:F%Q ehB pbh%n%f F)?éb@hlfer démh & BEsA Risk@20v Eﬁﬁéﬁzgndrpgasafﬂgy also be

he r egu at ed ressurization gas na
V\f'tﬁt’faé“mé@ﬁ hesenead @ﬂd mﬂ@nl%Mﬁwr@wre ﬁwm@rasﬂé@rpapg ypssel 10,

paséad MrokrB v%ﬁ/e§h3"é(‘ﬁd' Ellwcﬁntrﬁdut{éaqwa sdtordehl %Prtlon of pressure
enmbodi nent of I nvention, during a portion o
SWFWFF&VEIVQSS%QO 15 | east a portion of the
de essurl zation gas is passed to gas capacitance

Asgs Hymical gf acfij1 sertion systemist aldeasone yassel is in a production phase

wHae %?Fé‘éﬂtr 6r?ea<§th@ﬂs #Pa rébﬂﬁ@ﬁi?]r%ﬁ pBase, HUE5Y AIRWHE EBARG0RD

t hrough valve 31. During this portion of the cycle,
PO%QWEO’BQf I?’Qd@ﬁt@%d and val ves 32 and/or 34 may be
used to control the flow rate of the depressurization

[0] Bheraigreain anabws ghask offbe PSArrysle. epBPisEREAIgoN-containing
fIGM% PitrokatatFinta firdt SAPBGRon B ﬁb?é’tﬁé‘%wﬁ‘%‘ﬁdsb%@h VS@%I 26 via open

fromenteri ng gas capacil tance neans - Val ves
valve 23r While im eprpiesses argancentaining ﬂlf'q’ @\/@Qﬁq lntrO@uqeat angon-rich

gBQ id Wl%r&ﬁm ?rBﬁ\ thi ShEorth &Y Adr i ARt pRissyrdls Wg«%édébﬁﬁ!b‘ﬁ vessel

| ow gas to exit gas capacl tance neans

zenbwﬂﬁﬁhtgaﬁﬁgﬂypﬁi?@ﬁlt@f@l@h Peduelamivecb anchvaiv 38.iA4 leasha portion of
tHeArgoh PieR Ghs ﬁféf?%edédégeé &r&%%ﬂ?@ﬁbl@?ﬁe &B‘ssélhﬁ optional purifier 54,

I nventi on, cilitate stab

ogiienal hﬁ%ithéha'}ﬂ% §Qs@tloﬁﬁ'éil$1@§m‘h¢@dm@l é§9 e%@dl"?& i arpargon

pEbfRict stof ervﬁgéﬂl 3069AMY%n 9I‘E?dUQf mHY’ b8 withdralWnO¥s ﬁ@ék‘]éoo bia conduit
valves 37 and 34, has a nolar flowrate within 50% and

1Q%O%of t he tlme- averaged nolar flow rate of the

%ul at ed depressurization gas for at |east 90% of the
[00 1 As part of another phase of the PSA cycle, the introduction of the compressed

argon-containing fluid into the pressure swing adsorption vessel 20 is terminated by
closing valve 22.

[0061] As part of another phase of the PSA cycle, a depressurization gas is withdrawn
from pressure swing adsorption vessel 20 via valve 21 and/or optional valve 24, thereby
reducing the pressure in pressure swing adsorption vessel 20 to a final depressurization
pressure. The final depressurization pressure in the pressure swing adsorption vessel 20
may be 0 psig to 20 psig.

-12 -



10

15

20

25

30

cycle tinme of the PSA cycle. Here the nolar flow rate
is defined as the nolar flow rate immediately

downst ream of the neans for noderating flow The
pressure swi ng 30 adsorption vessels are subjected to
repeated process operations, such as pressurization
and depressurization, in a cyclical manner. The peri od

[0063] "BurrRCat R4 atdértﬁ)‘?:rm ke e Bﬁwnﬁdié\k}in@b%bfésbﬁnzatlon gas, argon-
referred to as the cycle tine, In another enb

rign Qaﬁé"%%wtrpewedf\eﬁ mgteringaalve 1g50tpdhe smnew@p@omq@eof pressure
Wity A@bbtRIERE s8R0 ARGHNL iRl (g/ ofﬁﬁiee bvided %h‘?ﬁrefsé&évswmg

rate -11 within 66% and 20 ti me- averaged
aesprtion vessel AP coRtienalifurgeswrssel A2 or argiherRessussWiBg adsorption

\%§§ei it thed2Qk 'b?ho?&ﬁﬁﬂ't\% %Hs%tlérﬂ\?e§sgl\ée”t ion, for at

| east 95% of the cycle e reqgul ated

[0663]1C STHE defrbdPRz 4R dad%xfin geé me égfvﬁsem) Miaf bW u%dgh means

and~ 120% of the tine-average ow rate of
forgpadierating tew aed splionahtiltes 424mthe smjeomameras the depressurlzatlon

g%&’@ﬂﬁ&ﬁ‘@{hbdgﬁs&@ﬁohpé{s%@pr@n the process conprises an

equal i zation step Equal 1 zati on gas nmay be w t hdrawn

[0664] an BEhEHhORREA P thelhvdritien Wh?c‘?ﬁd&rﬁ)r%% a8 eﬁuahzatlon step,
adsorpti on vessel 10, passed through val ve

egHalgation gae may beawthdrawn tiemeemiddie portion efithe presadre swing
a@@éc‘p’h@ﬁ‘ v&dsePBE 456 fﬂﬂ}» @%%@éi@éheﬁﬁ% 164 130?1nd introduced into a

'gguallzatlon gas may dr awn rom
O PoRien qh pressure syvme nesqip@wzséelsm Fgualatinrpgasonay also be

WiR 8RN i tﬁ@sé&ﬁa%‘ﬁdtp@g%% th@ﬂ)r\é?ﬁ.uré @w A iéBrptigR Jessel 20,

|ntroduced into a secon portion of ressure

PaRpathinzRIaBIMeOHP Jnskwalve 26 anp@njwce%int%a 85§Angandgiortion of

p?é&gfééw:ﬁga%&b%ﬁves%blhﬁaﬁ one vessel is in a
production phase while at |east one other is in a

regenerati on phase, thereby allow ng continuous
production of product gas. 15 [0059] Therefore, in

anot her phase of the PSA cysdagpigonpr essed
argon-containing fluidis introduced into a first end

[waa] | % ScUBEES abEVe, Bdird\ @ 2MPCShBIdI W ragSsiahe Ridd\strdam from the
valve 22. Wile this cogg?'essed argé)‘n cont ai ni ng

Iqtv? piegsyre 99 %wpﬁqe, Beriedhis tregbpld flpwrateg@atrimgntal quantmes of
mmdgbﬁ ra?d\@aéde@% tearges @&dmﬁnﬁh Aﬂ?@éﬂc’eoihe%ﬁ(stbhﬁnﬁﬁ Bé Bpéiated close

on-ricn gas

1§ R o BRURI o 4 (63058 i oW iabait 1 Sygagtars stsacy. To

sty the Bffédt, @&ybﬁmcﬂa@ﬁmah eOlUBRSSySRN WEs RidaeRd bl sywahic
vessel 52, optional purifier 54

tional sur e
@ﬁ{'?t&ﬁ‘a‘?" FESZQ;’HHh Jee Swem&&mpaﬁaqi a jQvs prespireicgiymn and an

agt@cHedtrdddargandoluff) to an argon product storage
vessel 100. Argon product may be w thdrawn, as needed,

[0068] C b 1, representing operation using a means for moderating flow with
perfect flow control, the recycle flow to the crude argon column (stream 190 in FIG. 1)
was maintained at a steady rate, R. In Case 2, representing operation using a means for
moderating flow with moderate flow control, the recycte flow to the crude argon column
was maintained at 66% of R for most of the period and 200% of R oniy briefly, but still
having a time-averaged rate of R. In Case 3, representing operation under the natural
behavior of uncontrolled recycle flow with no means for moderating flow, the recycle flow
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102. [0060] As part of another phase of the PSA cycl e,
the introduction of the conpressed 25
argon-containing fluid into the pressure sw ng
adsorption vessel 20 is term nated by closing valve
22. [0061] As part of another phase of the PSA cycl e,
a depressurization gas is withdrawn from pressure

téYHen&u@t]gﬁ gﬂf/dgﬁgnﬁ ﬁﬁi ﬁlaarﬁgné’& &t 7Pk %?R%%r ABSY Rihe perlod briefly at

tion ere redu0|ng t pressur
@p%@ftﬁ,@wrwﬂy atizase ﬁp\rvobut\ﬁ@& bavinga tims- a/efageaﬂ rate of R
de ressurization 30 pressure. The fina

eds Giase di thersypteasBiay epeiate alcor measihgrireshpid fow rate thereby
062?%9%&&%%5" a?ii}nurﬂaa\‘%&?reeo%?y %For ?nlgg%éés ki intidFcomposition

0&\2 Durin ast a portion of
tegeain ﬁgea@bﬂ)%ygamszmm .oBecguse ttaerg o ﬂlismagts@, irgydynamic

%FaﬂH odisan éh%wg‘?ﬁaqrtﬁé‘goﬁ{%s\ﬁ%gjo? nhFHanH“&re%‘?ﬁ ?gtgwas 15

t1on O ressure ptiron vess
pnrrgdmCaneH fgasan rmigal b@nq@nnt:ailm *5 plnmmf airogen, ﬁwdygamlc

9{1&{ QI RRSPowd hat PR bé?'ﬁ&%&ltﬁ)wcg gut%gﬁﬁ stﬁ%rm ‘I’ﬁﬂ grows to
Sanot

pressure sw ng adsor
Q¥es30bpPMBItgenaro cm@aﬂmtpaumthe dyitial Icgnce[rmaw] ofmnt@ogen needs

I t
t(? ﬁ@ 1 r@g E% ﬂ 1?3%"9 %fa%ﬁe% 22? g°?| n“s@?r g'n\% ffg)n tto%ﬂe E@Ge argon
cpiumrewamqecrrﬂasaqie same manner as the depressun zation

as which exited adsorption vessel 10. [0064] In an
[&ﬁ%du&mmrlyoform@em{m dynamic\simdatianosaieulation shaws that the initial

ﬁé%éﬂaﬁ@ﬁ b r‘ﬂtr é% o 66 ‘H@cidcéa'id ? B?ﬁ gﬁmr@éﬁra%nt the. mtrogen

rawn sure sw

Camﬁ@tlwﬁomag‘enngmynmptablet |hVQi$Jg'ﬁo aemm this fanaase 3 the flow
r&tQ%Yh ?f@a@n cBMthr WAL Q& pa first end
port on o essure swing a sorp 1 on vessel 10.

i
sec J éegn“'g iilior AL PQJ“EOS mﬁlggé\fa pé\ﬁé%t&r @Hi tthg%oncentratlon of
nijggee in ﬁ(}eam 8@ bagita be @ggc\ed,w L) agrdgmof\magmtugg,, dmﬂdmg on

the P88 6Efbv econd end portion of 15 pressure
SW ndg; adfsa(g)brp?&lsr%nﬁl\t)éssel 10. EXAMPLE [0065] As

[6b70F U e ﬁ@ %1mﬂilﬂl?dn§ HaSedoh lﬂ{eelﬁﬁpc{tlg mﬁiﬂp‘?hé)é%ﬂc@ﬁtraﬂon of

feed stre pressure co
argandy hewen el magnityge rf@rt('éaseoﬁetand Recriders oamgnﬁtudeefgr cased

d@inbh&%@ tl‘?é" W@@&?ﬂoﬁé}actoggurﬁpmﬁﬁé Hie tddilin " PfddeSFmulations
show that the system would need to process about 0.4% to 1.5% more feed air for Case
2 relative to Case 1. The variability in the feed air flow penalty is related to the initial
stage count in the distillation section in the low pressure column above the point where
the crude argon column feed is withdrawn. The system consumes more power to
process more feed air. The power penalty for Case 2 relative to Case 1 is calculated to

be 0.3% 10 1.5%.

[0071] Similarly, in Case 3, the system would need to process about 1.0% to 5.9%
more feed air to make up the lost argon production for Case 3 relative to Case 1. The
power penalty for Case 3 relative to Case 1 is calculated to be 1% t0 5.9%.

[0072] The results of the two sets of simulations show that regulating the flow of the
depressurization gas by a means for moderating flow improves the process efficiency
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to this threshold flowrate as long as the flows

t hroughout the system are steady. To study the
effect, a cryogenic distillation colum system was
nodel ed by a dynamc sinulation conputer program The
system conprised a | ow pressure columm and an

attached crude argon columm. 25 [0066] In Case 1,

. . i ! , ¢ .
PR RRe o0 B AURE itahb fordpdtRtho Bl ARUW Ragfifrer
moneratingdovaprguides tess dow(vatiattity the roces§ efficiebry magde improved.
mai ntai ned at a steady rate, R In Case 2,
[6@73] e Skhet pragert reeativromastssamgseh farthawith fegard tosdeerat pnaterred
t Lol . ,
sppbinktrys 1RGP e badb G308 e’ Rolior oy e B¥koripea from
tlnmslalnaﬁthahf@ll@eru od and 200% of R only briefly, but
still 30 having a time-averaged rate of R In Case 3,
representing operation under the natural behavior of
uncontrolled recycle flow with no neans for noderating
flow, the recycle flow -13 to the crude argon col um
was mai ntai ned at 70% of R for nobst of the period,
briefly at 200%of R, and briefly at zero flow, but
still having a tine-averaged rate of R [0067] In Case
1, the system may operate at or near the threshold
flow rate thereby providing the theoretical maximm
argon recovery. For this case, the initial conposition
5 of nitrogen in stream 180 was 1.5 ppm Because there
is no disturbance, the dynam c sinulation cal cul ation
shows that the conposition of nitrogen in stream 180
was 1.5 ppm In Case 2, for an initial concentration
of 1.5 ppmof nitrogen, the dynam c sinulation
cal cul ation shows that the conposition of nitrogen in
stream 180 grows to over 300 ppmnitrogen. To correct
the situation the initial concentration of nitrogen
needs 10 to be reduced to 0.15 ppm To achieve this
for Case 2, the flowrate to the crude argon columm
was decreased. [0068] Simlarly, for Case 3 the
dynam ¢ sinul ation cal culation shows that the initia
concentration of nitrogen needs to be reduced to 0.005
ppmto prevent the nitrogen concentration from
growi ng to unacceptable | evels. To achieve this for
Case 3, the flow 15 rate to the crude argon colum was
decreased again. [0069] To summarize, the dynamc
simul ati on denonstrates that the concentration of
nitrogen in stream 180 has to be reduced by 1 to 2
orders of magni tude, dependi ng on
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the degree of flow variability. [0070] Steady state
sinmul ati ons based on the Iimtation of reducing the
concentration of 20 argon by 1 order of magnitude for
Case 2, and 2 orders of magnitude for Case 3
denonstrate the inpact on power consunption of the
entire facility. These sinulations show that the
system woul d need to procesg apgdt 0.4%to 1.5% nore
feed air for Case 2 relative to Case 1. The

vari afklddiy: in the feed air flow penalty is related to
the initial stage count in the distillation section

int e} St \Vi ere 25

t he Efudevé%egn cofﬂ%hﬁﬂgg% 1 LLLS mﬁ{g.q%g system

cons r . Tha: .

pome%g?rré\%{‘ a?%‘rfﬁ‘éga &s(g“az'ﬁ'?g%g%ﬁ(,dé?hq'rgt%?ég?h'b distiffion cotumn;

cal c 0 l

oo B e 8l edc§irddfi s Soghlelapg i

fBeaJ%fOWBﬁ'@aﬁ'@QcPf egsure iGeralydorapng h@omaassml gen- contamlng fluid;

production for Case 3 relative to Case 1. The 30

powerinteduging,atieast apedion of tegampressed@Eiaen-gontaining fluid into a first
e';fdﬁtcﬁhtcﬁ% firét &@sshre/"s%g%d% u&rQO ;The results of

he two sets of sinulations howt at regul ating the
f | ow vﬂfhd?:ﬂﬂn? QPSRRI GAH- h&??%soﬂ‘brﬁ %%e@&n@?ﬁ@ﬁé}ﬁoﬁ 8f the first pressure
noderating fTow | nproves the process efficiency -14
SHNLRAGSPEPOR Y§E8RIesses wit hout the neans for m)deratl ng
flow. As the neans for noderating flow provides |le
f 1 ow 1GERINGLNG th?WtfoﬂH@%‘rQﬁé'&@r@ﬁ"ﬁﬁ%@eﬂfS?n reRtainng ﬂU'd mto the first

pré83URY §Fing abSGHBbn VéRePr €sent invention has been set
forth Wlt% regard to several preferred enbodinents.

"bWeWﬁfhdrévhﬁ? %Cdéﬁﬁés@ﬁniaﬂ@n @é@ﬁ’@ﬁ\tat'léﬁéﬁﬂﬁé Qﬂhé 'ﬂi%# lbHd PSmon and a
ascertajned from 5 the clains that fol

mygdig portian of th%f'fﬁbr@ﬂ%ﬂlfﬁ SWingrasiaenting va$sgabtheﬁtavoregnaCIng the
PSSR itAE firs? pHIsh NI SdsdiptRh 4eBsdl %‘h #hal derddsufizhtion
froma first cryogenic distillation colum;

FFeRSHERASi ng t he pressure of at least a portion of the
ar gon- cont ai nlegg fluid in a nmeans for increasing

pr es<EPatingihe Howral akieagt aperiion Piibs @ep@sww%m by pgssing the

at leastla pbftibh @fl tHel dipredisutifioh gﬂs RP4 tmedis %r rh&!ératlng flow thereby
conpr essed ar%on containing fluid into a first
forming a regulated depressurization gas; and

introducing at least a portion of the regulated depressurization gas into at least
one of the first cryogenic distillation column and the means for increasing pressure.

2. The method of claim 1 wherein, for at least 90% of the cycle time, the at
least a portion of the regulated depressurization gas has a molar flow rate within 50%
and 400% of the time-averaged molar flow rate of the at least a portion of the regulated
depressurization gas.

3. The method of claim 1 wherein the means for moderating flow comprises
a gas capacitance means and a downstream flow restriction.
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end portion of a first pressure sw ng adsorption
vessel; 10 withdrawing a first argon-rich gas froma
second end portion of the first pressure sw ng
adsorption vessel; termnating the introduction of the
conpressed argon-containing fluid into the first
pressure swi ng adsorption vessel; w thdraw ng a

depregsuri ' : . ISt

end pbrt1 ofreinaigd ] gl gt o Bdbirep hddri'has a volume
(5 bs2Qtimes graaterabaothetvotumey efsthe first brasstrg swintuadsogptidnevessel.
pressure in the first pressure swi ng adsorption vessel

to a final depressurization pressure; regulating the

flow of at |east a portion of the depressurization gas

by pdassi ngThehmethad dof eain 1avheoein thencamipressed argon-containing fluid

i zat ] £ o ' .

GHRRISES ULl ARG oy EH SRR 8 brygon e
fustaressuresing agsarptivre eassebuging ¢arbon molechiar sieyell at ed
depressurization gas into at | east one of the first
cryogenic distillation colum and the neans for
i ncreasi ng pressure. 2. The nmethod of claim1 wherein,
for & | eabhe methodfof tlaim 4 yether comprisingie at 25 | east a
portion of the regul ated depressurizati on gas has a
ol arwithdeawing adirstieabakizaongastiom4n®midsdie porgion of the first pressure

i AdebTh |lar flowrate of the at |least a
s&éﬁ?on o@f‘%ggér] 3. The

egul ated depressurization gas.

met hcﬁr&fucﬂgiégt'ﬁa%&é"’?@ﬁ%h%f tHShrBRRAI0bn ﬁgg g{t]%‘hgi@ end portion of

fl ow conpri gas capaclitance nea

ai¥ALANY PERSSUIE SWiNg adsarplian vessel: 16 4. The met hod of

claim 3 wherein the gas capacitance neans has a volune
0.5 twtheeawingasegerdequalization gasdropolngragcend enbpartier of the first

pg(lﬁéﬁﬁél%ﬁ%ﬁwdggrgt P&d¥ki: QRgvessel . 5. The nethod of

alm erel e conpressed argon-containing fluid

E co . . L
v oSG RGSHIERR pbn BF bkl M R TH% sacond ond
pertiengf the sedond pseBSEreIWiDm adearBlian \esselg car bon

nol ecul ar sieve. 6. The method of claim1 further
conprising: withdrawing a first equalization gas from

the mddle portion of the first pressure 10 sw ng .
adsor’pt i on"ggBetlepd of claim 1 wherein the argon-containing fluid comprises

greater than 50 volume % argon.

8. The method of claim 1 wherein the first argon-rich gas comprises greater
than 90 volume % argon.

9. The method of claim 1 wherein the first argon-rich gas comprises less
than 0.001 volume % oxygen,

10. The method of claim 1 wherein the final depressurization pressure is 0
psig to 20 psig.
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introducing at least a portion of the first

equal i zation gas into a first end portion of a second
pressure swi ng adsorption vessel; wthdrawing a second
equal i zati on gas fromthe second end portion of the
first pressure swing adsorption vessel; and 15

i ntroducing at |east a portion of the second

equal £t AR Bain 96 SAdusg! 1 0" of the

second ‘pressurée swi ng adsorption veSsel. 7. The nethod

of cla . [t . : | Al | Yi

conpr LSk E Rl chorPhliP 0t 8 RaBibrle dfyfp gecond pressure

swinghadsasptiar! weissel andracthied prassaref swing adsagptionrveshelgate the second
j : g '

SRTREAER (0 B Bipssfr @M R yf 4 g e porion of the

stemph withelsawieg $he @épressunizétiongasvol une % oxygen. 10. The

nmet hod of claim 1l wherein the final depressurization

pressure is O psig to 20 psig. -17 11. The nethod of

claim1 further conprising: introducing a second

ar gont&:i chTheamethodof alainh @ duthesicempfisingie second

pressure sw ng adsorption vessel and a third pressure
swi nditedre apleasirone«d the atileasd atnodioned draidepsessupaatiangas and the

Ao b o B R BhRs, {r i ng 1 ne

depressuri zati on gas. 12. The nethod of claim1
further conprising: filtering at | east one of the at

| easty;a POfHd RBiBH ot Iﬁirﬁ?%rﬁﬁp&iné@éig%” gas and the

at least a portion of the regul at pressuri zation

gas. jdtfodiRingdife iof ' i bS&Ind% -
intr p'd uci n ;:? gadt1 Idéggé ? ngp g ; ﬁe‘é\‘ﬁ@i‘o%g{)rﬁgét?ﬁéssitﬁ% g%c;d_nrﬁ?:%ogemc
diptidation eolunBecond cryogenic distillation colum. 15

14. The nmethod of claim1l further conprising:

14.  The method of claim 1 further comprising:

introducing at least a portion of the first argon-rich gas into a purifier vessel
containing a getter.

15. An apparatus for producing argon product comprising:

a first distillation column having an inlet and an outlet, the outlet for withdrawing
an argon-containing fluid;
a means for increasing pressure of the argon-containing fluid having an inlet and

an outlet, the inlet in fluid communication with the first distillation column outlet;

a first pressure swing adsorption vessel having a first end portion, a middie
portion, and a second end portion, the first end portion in selective fluid communication
with the outlet of the means for increasing pressure;

a second pressure swing adsorption vessel having a first end portion, a middle
portion, and a second end portion, the first end portion of the second pressure swing
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introducing at least a portion of the first argon-rich

gas into a purifier vessel <containing a getter. 15.

An apparatus for produci ng argon product conpri sing:

20 a first distillation colum having an inlet and an

outlet, the outlet for withdrawing an

argon-containing fluid; a neans for increasing

RGeS I it 96 R BB Hickioh Wi nd SRS B8 ko

in¢reasing presaurst andl at i on col urm outlet; a first pressure

swW ng adsorption vessel having a first end portion, a

m ddl@mesng tarmasieratingdiow hayingran isletiapdan potlet, tha énlet of $he means

fSPﬁ%fJH?Faiiq;é’p%\h th §é?é(ﬁﬁ% 4 dohtthShiGRABA WM GRS P end‘@&#ﬂoﬁ gPthe first

outlet o e neans TOor increasing pressure, a secon

Rresstse swing\eidsgrpdios wegsel amd ineetactivehBiid egmanunication witll the first end

Rk e Sodbyifbreuh b3 BpsctBliof SSF e e ity for

maderaiihglfiqw indhiid essmunicatianekithcati least bhe iotithedmtetofitba fiisb distillation
asi ng pressure,;

cyn%haéﬁg%gﬁlk gzr’f tﬁ%gtelr%g? ﬁgﬁb??%%gn%@lg%gan inlet and an

outlet, the inlet of the neans for noderating flow in

sel ective fluid conmunication with the first end

porti of-l-ﬁg%séairéég% va‘gaiﬁ ﬁngéﬁairﬁ\M ng adsorption

vessel and in conmuni cation with the

first i ; I '

adsor oy [ oane L kel e I eR RS taadithBImeans and a
dewaetream Mgwrrestviction. f | ui d cormmuni cation with at | east
one of the inlet of the first distillation colum and
the inlet of the neans for increasing pressure. 10 16.
The apparatus of claim 15 wherein: the neans for L
nmoder'dt i ng''te apRaclwp Pl daim 16 whereindhe dpwastcaarmfiom sesfigtion

cBmpRSYE S IBER Bk iBW doRftblVafifel ON- 17. The apparatus of

claim16 erein the downstreamflow restriction 15
conprises at | east one flow control valve. 18. The
apparatus of claim 16 wherein the gas capacitance

means|ghas the applakiils O chaifrC16*BhérelfRife 958 BAGICithA mbA%s has a
vol unme _of the first pressure sw ng adsorption vessel.
volume 0.5 to 20 times greater than the volume of the first pressure swing adsorption

vessel.

19. The apparatus of claim 15 wherein the first pressure swing adsorption
vessel and the second pressure swing adsorption vessel contain carbon molecular sieve.

20.  The apparatus of claim 15 wherein the middle portion of the first pressure
swing adsorption vessel is in selective fiuid communication with the first end portion of
the second pressure swing adsorption vessel and wherein the second end portion of the
first pressure swing adsorption vessel is in selective fluid communication with the second
end portion of the second pressure swing adsorption vessel.

21. The apparatus of claim 15 further comprising:
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20 19. The apparatus of claim 15 wherein the first
pressure swi ng adsorption vessel and the second
pressure swi ng adsorption vessel contain carbon
nol ecul ar sieve. 20. The apparatus of claim 15

wherein the mddle portion of the first pressure 25
sw ng adsorption vessel is in selective fluid

ggmg bﬁﬁigglgtbr féﬂeg\ﬁma\hng ag HIét%n%% Rkt 'tl‘lig‘m%ft omB%artlculate filter in

Ion vess
ﬂ%cgrewnwamwmm thei @.uilebof the. geans fartmqsiesatingrfiows fiengutiet in fluid

Wﬁﬂ&%@e\@gﬁ@@m@iﬁ ?rgoﬁg{g!@yﬁ] ELjliegl. communi cat i on

e second pressure
SwW ng adsor ption vessel 30 21. The apparatus of claim

15 further conprising: -19 a particulate filter
havi an of the
part P%Qul o Eﬁ% E*pﬁ%s%ﬂclgmllg?unﬁep&hﬁ %ﬁ%
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