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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 streanrcontaining about 0. 2-15% by vol une
oxygen and about 1 % vol unme nitrogen may be
recovered in the Opeﬂ-éTL}E)QF(;fH%IW%U&‘MC air

aration | ant t hat produces oxygen and/ or
m PMBEVED GheY @EENHe DASTIRbATICHEAN M FEHABIEN PRODUCTION
further purify the crude argon strean1 is the
so-cal | ed deoxo net hod, g en in 10 the
crude argon streaﬁﬁpgcﬁgyéNQ&J W HR g%@éﬁ¥3ﬂydrogen
Thli Rrocess s ener%@ I ntensive, since the gas stream

e

[9Q01] o Jihisinyentionyip gtesria apareAratusng method f%rrrarorﬂsqtlen of high purity
afgt@r' &fdre sgeérﬁdarrﬂqn.bcrn\reﬂrr&ereﬁtar ﬁﬁarr Qpﬁa‘?ﬁi% anl frﬁetﬁa@r%'f fmproving

residual nitrogen. In ‘addition,

en and
53‘/‘15\:’@ QVaRA oM BiNG R SBIODERIF reciifieatipgecopumn i QS’F“Q"I‘%'O” with a

pyggrs[,@ e adsoreeogen availability is limted. Another
thod, based on cryogenic distillation only, requires

[aml 15\ Mﬁ@e Qf'go?r dt@bm&ragﬁﬁgab&tw@s%%mb aﬂrqe%%d about
%{% he small difference in The relative ™ volatil

WW“SP&EWB&M%% ERSAVerad i) e GRgration ok 3.8%/00RB AT eparation
ptahﬁthlaﬁ &o@ﬁcé@biy@en ahaet hitoybe. ORI tAS ﬂ{e‘%ﬂodstg’é‘he%lly Rifoyed to

sor thﬂ beds in a vacuum pressure sSw ng SOTp I on

pgﬁﬁ'” ﬁlﬂlﬁ:@yge agan Lreate e $9valed dem@ rﬂ@tﬁﬁ@’r‘%ﬁeﬂf?@/ oxygen in
tHeVdride aQBA'sREhANSs rdabRiy wrtl?@x&e@@ﬂ?&roa@r? THiY 8BB4 Cis energy

rectification of air to produce oxy nitro

InsEGr SBFR TP 935 SRR SIRRBIRAL10 7y 1T eERRYon temsrairecinater cooled
ATy QSR enfpePRERS th %M&@tﬁe‘@ﬂ@é&%‘ﬂ}dfo@%ﬁ aid'redi8ual nitrogen. In

se parated into nrtrogen and gen in a double col um

b i REACERS By Mok e@aﬁm@%rﬁ a%aart?e rafdﬁearvqﬁrigrr@re hydrogen
awragmw@nmﬁwrﬁhorﬁérrneémbd b@éé@@ﬁcrybgan.@'arshmh'o%w Pe Uites the

| ower pressure col umm, and on- contarnrng

u$4 BiA e PAMPEISIRESSATERN Seummeiup preswed riz%erpn@e;mathe relative
vdlétﬂ bEHWEER aFg?JnLHHa &%eﬁ hﬁrd%foﬂgr%érhe&s mfcrugégr%‘u%e of solid

uct. For ‘exanple
els@f@ﬂamm@rﬁaersbdwetor mcme gdmg@m @edrsnm 8¢/agyLy @ressure swing

aﬁd&%WWSﬁ?ﬂdCﬁb Ebte'tterr}deo?%%g%g\ 8 u bérgtu?e Q\Qrﬁglr?ﬁsorptron

col'um ‘syste an assoc e argon co
). produce hi gh purity (>99.999% argon. In order to

%roduce hi g ur|t¥ argon, a large or
[0003] The cryogenrc recti catron 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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-1 superstaged argon colum was used. According to

U S Pat. No. 5,440,884, the large crude argon colum

is preferably divided into two separate argon col ums,

and a stripping colum is used upstream of the double

mai n col umm to suppress the thernodynam c

irreversibility of the crude argon column top
Stu@ﬁt;ﬁeagsaelrargmcmlhmnlvmaa:sedSAmcmdisgllceUcS)IFtairrNo [300a1884, the large

S o8h ool 0 R Bed W PlecBlare AGELARRS:, LA =

t1on rogen roma arg onr
strégging @cme‘nnﬁs usadt upstreemtofﬂma:dmumﬂmm eomoto auppress the

tg%rﬁébgjﬁﬂérglrcggévergsﬂﬂf cﬁtt ?rlu?la Adon d@g@ﬁé‘?d&&éﬁgnég}'a%d the lower

pregsovecadmfr om a cr ude argon stream cont ai ni ng m nor
anounts of oxygen and nitrogen, 10 by sel ective
[6@RA}r pd.BoRabNot HETE 266110 Komaaet al., idiscivses theeadsafption of oxygen and

AR P LR B3 SR oo

sspanahsn plaet. @Acnordirtytofthis saternt)langon cfdnigrapurity & separaigeand

S B TR B YA BB S o G ahrivger
by seteative adpoaptiomof dessercantansipares iri & seriesdsf adbemtiorf eolgmns (beds).
£ BB AhE sy sth R Blctoip Bl e Eg vy sades wherein
thoeafinsi @ﬂumubohmms&t @itrygerceduiihriooesehddtion adforbersti (d\gakeolite) that is
B8 B Pigodf el gt szeqist$ft copiliing B ogeyate selectve
adsiwrbenit(eqn csrjusn mlé@ﬂarmevei ysaftgfoaog@@nfremma Edirtre purification of

RS TR Sk e R AR LAY o

thelnginbed 20 durl ng the process with sinul taneous
equal i zati on of pressure in the two beds in top-to-
[Q0H5] ehldS afat. Hot 6,627,881 troBaksim et atl, dispicdeszatdcans prosstae bwing

SRESPIFL B U PO o0 ardoBIRED sty B e
adswiptioysitasis dndrconpinwolisyl promatesitid crde iakgorafiego strgaradel te bed
o A RSl LAt ol RIS s oo
topadnaramdsbodtoen-tosisatiom ercesquatigatin rgeastsioadfollewing putginglof each

b cgrrbi nation with a cryogenic air separation plant.
{ 007] Other patents related to- argon production

(9008] B PSR a5 Be NG en 2als ek ey & rypeestaind system fo
pridducibg GGigHoR4ity argdaiproduzt with highldrgon RRebveriirorbarl 89 fedlitstream
ut@?i_né%vl%b(v rgﬁo g#g‘oh cglu%in, ga}\tigh n"g%b aﬁgo%sc%lu%)r? artng) a%!a!:&hm %tressure
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

etal., 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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30 -2 BRI EF SUMVARY OF THE | NVENTI ON [ 0008] As can be
observed fromthe art, it would be desirable to

provi de a system and process for produci ng product

argon with 99.999 nole percent argon with less than 1

ppm oxygen and | ess than 1 ppmnitrogen. |nprovenents

in the refining of crude argon 5 in a cryogenic air

separ ati on syst elBRIEF SUMME RYeBR THELIGIMENTEDNINOM C

factors, along wth nore stringent purity

[oped]i fAgoan be obsarved fyomn the acdyiewseidtbealesiatsle toprovide a systern and

ARG oBIAEESRLNA, BaTRAE S8R 8 bRl Fh0Bl 7% an
poim beygengod [ess thay 1ippm niprogéraitnpravementslid trad refinibg of crude argon
B SIORE A s LR o Gl e P e Bt rrs, aons
withuhdrebsiringesit paiity spéafication far ange, aldrédde)the heédifor |mproved
BB o bR B P b R 2 on
pneduobds nmay i npact the stability of the cryogenic

distillation colum. [0011] For exanple, with
[0@09)r aNbite argofripGrity1s inspagtant, trveslid diso e egirdite tovecewsrergreater

P Bone! te GroBa A S5Re i 4808 bon  col unm S50 is
1001 3 uiq B s Parl6 RpART S50 o e MG B8fliBn column. 1
has gla're‘td:foambgarmudenagnczfedmhatrsogemf tié toworgere arrfpu;rna{elﬁb methods may
. ©ps t t
"@%%i“@a%é%ﬂ*@%#m‘i#d{véi%”%v%é‘ﬁ%?ﬂ EOUBEN will accumul ate

' 17 LS.
Y8, 50 BT G085 S b, e SARD B asnc o
therdrgan fdedcsimaen 180 ramdhe low prosnes b(srlumar(dotl shguhyltotak drude argon

c@@ﬁ&mﬁﬁoqggq%g%ﬁ%ggﬁ{%yﬁt” o%‘éﬁ'&ﬂ edﬂcre%qq\gntﬁrtﬁes ngt where the
stdearpidogs notxgemeain pigaifioarit anmLmeaﬁfromheNﬂmgdn irfeed otroam 180 is
u . e flowrate of
¥toirontal PR, cnbrstBo o HéertdhBiah P 5 sings Hfshdirwi
ateimwate 285 wEpgoin @Mdusnthrlw?.l ianrﬂroge:h uapfbrgwaﬂmwwd .to Bocumulate in
V.ol m._ dunpi e te o ee tr .
s Eish TRndaERET o witdBese, & hdlon siprey Sdna, Rl Bty o n
cGlohAB O Thay T]dmm?]ﬁlahﬁ thé Idveanéssdreeammkﬁ@oﬂaued?%nnﬁi mﬁlnpmg ”
the thresho u
Of TP e tB8, bR Bichct s Ririnalsc 8 e PRy Higatly be
shurgioemed
[0012] The flow rate of feed stream 180 is selected to provide a batance 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 to 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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argon production, downstream processing, such as argon
purification, should provide 30 m ninmal fluctuations

to the system [0014] For exanple, any streans

returning to the crude argon columm 150, such as

stream 190, should be steady in order to mnimze
fluctuations in columm 150. Any -3 variation in
\@ripteminldMGam 190 allifatfett feed stredm a80) MO is DErasse Sondenser 170 acts

S8V 2xB8 BB veber BB o133 Ty Rbe TR Ghie” Theretore,

vahiabiéfyon etreamai90avil tause varialsitity e toctiXdrenin 180cause
variability in feed stream 180. [0015] The present
[D&W]ntTmpnesemtnm\mmdadlstiotepded/twb?ombe trebaherre meaitionse Benefits while

RBRET eSSiages e g d?héﬁ?va?LZQS?eSLnE e
d f d
oI b A F b B preter Bt et R s ainacareon
moduc:y ogmpnﬂn@l M&thdr‘ah?‘tgl amargton)-lcum:mngw @&Gmrwcrybgemc distillation
Su eas a rel n-con n

Pl HeFedtingibe reesyrs ol IdastR pdrign s o1 GoPrepaping Wl n a
n_ﬁemrmt fmgln_areaem‘tgrpml afb taemgt{mm@?esmgre‘sbew drgohQontaining fluid,
, Cl as ortl on o he c
i R FehsF pefiR or o i E8selarb e BB TR Efintgra trst end
pbrticsitof arfestyressuss\swing adsorptidn ms@ﬁ&ﬁtﬁbramg adrshatgod-rith gas
ot & o 0 A 0805 UL B B e it

thesintrodadtion @f tﬁe‘m)nnmésswta?gdrmﬁomémmelumhwmé siedl pressure swing

agatgrgﬁ?)lf ?%sf.le,a!,@&%'p lczH aﬁhe I rst‘ﬁﬁre Segrcgmpnsesgwnhdrawmg

aejmce?bsuﬁmtnoﬁtgab e @tqm A8 Bf }lﬂetfht@tf@w dm%oh?ahr@ af mlddle portlon of

B S At S5 iebdbiye g et raseurs i th frst

pWSSB&anQMWpMﬁWStEéIIt@a fmas@@reédﬂuﬁmtbh ﬂr@ﬁ&% ﬁégtilé‘ﬁhg the flow
I's ressure swn

h
ofR3EEH! srorlin e cpdissebbaion sas Bhpasccaats alleast & porton of the

demgsmtzaﬂ@q yaetdd m‘dan@for alodeRARY flawnﬁérblbwmt@lfngtd‘@gulated
eas

oRPRETi el e A Hiachiinb 31 Bapta hoRA RLG oviBaR SapRguizeton

ghd o aheaﬁhmefca ke drgog”enfcﬁcﬂsﬂlléil@{ﬂc@@mﬁ QPE €56 MehARor MEreasing
introducing at | east a portion of the

p%@ 'ﬂﬂeat ed depr essuri zati on gas into at | east one of
LSti n col ym and the neans
IQOH?} oSy e %ﬁgsfs%rréé/a ¢ FyClRdimeaing ARt S U 3 ¢hp requlated
déﬁreﬁélﬁlzéw Qast AR hald '@ rrmarlﬂeﬂ&hteammﬁ 50@arefadobs or W|thm 66%
cgg@é% X tepressurlzatloﬂr;)rwg f% ave a nolar
an PG UBERVE RIS GoRar (Atq A the gblaastaspertion Qb‘@%" egulated

dépreddigizhtidregary Thaargl depleabuidativh bdstuRfimABe 8loslgaash Rig.
portion of the regul ated

[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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depressuri zation gas. The final depressurization
pressure may be 0 psig to 20 psig. [0018] The
argon-containing fluid may conprise greater than 50
vol unme % argon. The first argon-rich gas may conprise
greater than 90 volune % argon. The first argon-rich

as rm¥ conprise less than 0.001 vol une % oxygen. 30
[8@21!]9] henseans oo shagesdingifloy in thet preséntrventiom masncomprise a gas
. | . )
GREBIBE e 2Py o] Al B4 g g pporance means may
hawe [@rvolane thatis hate 8t §mes the yAQRODf tHedirstamessur@swing adsorption
vaeggrating flow in the present invention may conprise
a gas capacitance neans and a downstream fl ow

O er e oot ARGRIRF B8 B5rHRYe, pXBRE. Fha thp metnoo
maycfagherccamirisg Mioalmqmprbin%atlhe@gygﬁ inabe fijst pressure swing

- - may conprise oxygen,
! @é%teﬁgggaﬁ%@m%@?‘“&e 8t se ki net cal ly 7
(G652]} ArRanve B R il it kOB YA EnE B cqaiiation gas
fromethiermigdiei poetianesfhinglfinstigreb sure fsein geartsprition veksdidnawduning at least
et 8 RS LR il RSt o G G £ 9Kdorbrlsure swing
apserptieiuvessgl, atthdeadng a $G?m1d|cm;ualizationfgas I‘renfTesecond end portion of
LR e SR BBl bl B fllig ol sy SRR e
secpnd dquatizadiongas irto arsecord et portiore ntithp setomdhprebsurt Iseving

L LSt or re sw ng adsorption vessel, and
a%‘%’?@%ﬁ‘é&%ﬁt | east a portion of the second

L izati . . . £y .
(G, T8 BB el fekind, REERHRrHRo BlduBRo3! sd568q proon-ren gas
fromeatilenst nné vbthewsehaont! pregsira svingradsorgiion vessahind dukirdgressure
. . -1 . | the .
I SER0Ru8h S8kl Lfd Ravtd B8 BhroEBEbe Mo sl s
aggasstiun wsselvdunigg atl kasia portion esmelstémdafongtﬂuieavmg thed en dI
. Fir et : ti
G RaRn 4, 'L or £l on ot "t he atep of i thar avi ng.
100281, S 173tS AElrof BrdfRundrtoripase e 4 P& pbfion of he
demwessuiaatidn %etse Thd ém/eet'smmbmginlmy fgaiser cﬁrqalrisa\?iﬂeﬂdgvai least a
, terin t t
ol B BRI GR bt 0% ™o S Pooy
[0§?§] 'egPsff rﬁgb%t@reﬁ%tﬂgg{ﬁ%gﬁﬁértc%%rprigg MiodtEnd BF LS HdHon 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-
cantaining fluid having an inlet and an outlet, the intet 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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first argon-rich gas into another cryogenic

distillation colum. The inventive nethod may 25
further conprise introducing at |east a portion of the
first argon-rich gas into a purifier vessel

containing a getter. (0026] In an enbodi nent the

present invention is an apparatus for producing argon
qemydunicaticorvithi the nytiet ol ithe inkbos foo mcoadsingrpresatirecarain second

risEhe SR ARBHAOF ol ol aftst b potfob LY Bofien, ano a
qecem;em@pmﬁom,ﬁbe firspend éf)rtipolrm #iersecgnd preseuresswimgaadsorption vessel
A SRR b W P Mo RRREGAL . oo
apparausefdbe ptasent inesgieh fimher cgmprises a;meansifor:pmfsqejr@ttmg flow having
. ,war t ot r ,

L S L B 5 PR SRS B b sl
cohenunination wath thmﬁrsm_aamsorgion roi‘ Ih?egiasti'fjrz?gry ﬁgisigﬁdsgmﬂm @essel and
7 Fedivg (RIS e R Bl ok s i Sl hpssip swing
apsorpliomyegset tiié outlet ehthepoedrisdor mbdérating thae rofiuld esramupication
B RLE0H BRI b SRSt gf e moans o
inoneastappmegsypeessure. The 5 apparatus of the present

i nvention further conprises a means for noderating

[60257) ﬁ}ﬂeim\ggnsefnr ﬁnpdaﬁ;illaglﬂogmaywdn‘;iri_se hf?lsiqage&itanbe nieans and a
. al t . .
R R LoMBARRE" o b BE LS el s e comp at st ono
f!p\:ve:_setnmle/ahmi Mige tgds oapacgtﬁmtie/hme?@ mtagn da\éé a vsl:a!'r@oﬂ.s }t@s?% times
0 ni cat i e firs n ortion o e
ol ot PR RS b€\ o dedaliis 9450 o B8TRRA 14s8out | e
h derating. fl in fluid,

Gzl e PP BRIl e e timuay cihrise ing orgroreigy the
falloetnigl dhatdcteristicd, taRenaaiohd dvein ianl ebsgible tdvdinizapEEnbitdtions.

i ncreasi ng pressure. [0027] The nmeans for noderating

[GO28Yv Thy ficsd ppessere swingadsapion Yeaselandeh Secumd messure swing
tr flowrestriction. The downstream fl ow
a&sgo\é?ﬁfqnc\fel%ghl rﬂ%‘QC %F?&é’ngf'm?‘é‘ﬂ 1S%e 1 ow control

830 o a8 oA W MRCHORAES ol L8P YOLH B2
sglectiveue commagnieatoorvath the fivst 2adlporticd @2 8ie sEaend ppssateuswing
one or . nor

R Vi aPR e o Rl e e S AcBegprion
vgsaekmby be tresdiadtiva ifluiogtpmanication. with tA8 38¢ontihend poriidn of the

s reésure SW n agsorfj)ti on vessel and the second
%PQ gﬁqsg,ugqﬁvy@ga SEBIY YTV essel may contain carbon

cul ar sieve. 20 [00Q3 The m. ddl ortion aof the .
1oPBYES the BrdiriiS aqorgnadd die miesertaalor Ray cBBriise & Pariculate
filter having an inlet and an outlet, the iniet of the particulate filter in fluid communication
with the outfet 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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sel ective fluid conmunication with the first end

portion of the second pressure sw ng adsorption

vessel and the second end portion of the first

pressure swi ng adsorption vessel may be in selective

fluid conmuni cation with the second end portion of the
second pressure sw ng adsorption vessel. 25 [0031] The

vapga aad irsselective dividgcammuhieatipnesithrthe isevend érahofithg second pressure

' culate filter having an inlet and an
Soa“uﬂ{g‘{‘e‘!ls?’?‘?tﬁé‘%ﬁ%ée't of the particulate filter in fluid

IR, EpeRanyg SdBTI Y oot b aiclTRaY podbrag,a purier

vasgah contaminignd gettarf Thdpurdies veddehiniap hedo kelettive[fREB&IMMDeication

or.di -t ng._in tian e

BARES BLES o BENEIE BcbRReBIER Send kR g purter oute
mayl bt indlud! @emmoutitation witrethe et of dlfie dier distiiation column.
distillation colum in selective fluid conmunication

with the second end of the first pressure sw ng

adsorption -6 vessel and in selective fluid

comuni cat i on WBRIER DESSEIBRDNOF THE ORAWKREDNd

pressure sw ng adsorption vessel. [0033] The

[00343r A Gs1 abows discheratictdi @n@ppamtis acooeding mrthamyesent invention.
conprise a purifier vessel containing a getter. The
purifier vessel may be in selective fluid

conmuni cation 5 with the outlet of the pressure sw ng
adsor pti on veDEEZAILEhBESGRIRTICH OFHigHER INVENEION Ut | et

may be in fluid communication with the inlet of the

[Q035¢r Thesroduction ohargoh fram. a craRyENc BES@RIratioraNadHs Krgvn.

CQWtiNﬁalﬁgf?%ﬂrygéeﬁic %ir §%%‘9§tio?} eﬂﬁrﬂ%ﬂﬂé\% r‘ﬂ]&h 4Ad lopy pressure
appar at us'accofding to the présent 1nventFron.
distiisAion EDUDESGRIARITCIANE argonHelunNvaENTesabp 08B]S. Pab No. 5,313,800 to

B B AN S il B ARVt e
pespaneaiolLom inl adivided Mall lcanfigunatgin asdbscnbechinds SuPat. No. 6,240,744,

distillation colums and a crude argon col unm as
[GO86T r Abaded hetdirs thePmrm "ddlumB’ Bi3n8 o distitiatibh drdraatiahation column or

NI S d

2, 5 o SR B B At B PR AAeRfrfie o
calintérdexentlyl dontaated tgeffact sepacsdiod @b a flukdeixiune, ds3or example, by

144, sed [ J I
odfagiiniet el tibor arg il pR%sadina P v il Pl ravg or pates
mountegoyittjn theeolumrcand/erain papkingl alements sacmas stwotured or random

e u urr |

ety Pofe RBRBLeST BRI phE e pgfithrtidiioers
Handbgokefifthogdition, 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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20 contacting of the vapor and Iiquid phases on a

series of vertically spaced trays or plates nounted

wi thin the colum and/ or on packing el enents such as
structured or random packing. For a further

di scussion of distillation colums, see the Chem cal

Engi neer's Handbook, fifth edition, edited by R H.
timpartyCperatity cohdil@insiknown iMh@radyekiddt aBspkeificaiippated, may be used

YR our I B unl & 26 ol unm, 15 used (o mean a
IO APAREN 46t S B0 Tvbilfe o REFE SBRET BBy i
inteodeicedh teethe wredecarganmoluf@OISDh] TRerbudieraegarscalimib iveay have multiple
PhpYiLon el el et RO HRnge Rdsollint e bottom o
catdepergor colmni ‘hiﬂleerml intnoduEqd bpokett the il ?geisatgetoggn:]n. A gas stream
188 HCH iy oM Qg R nd SofBRA HR] "8 s B e the top of
trencaigmadndrad teashpartigilyhmndemssdrio corderisgr 2R IConkdansen 170 may be
e i AL Ry SRR A3 808l sobiay b A porin o
theaatr gasigacially condensed einéamn 72 )38 inthoduegdrack adslcrude argon
PO Rt el R RS P ifre HRobe Bhstatiiplon Bn
optigeah heat elémgarw 6!1)?26 to_ulméa;iself%rl iEcreaeiIgg @ressuter?/t?dreby forming a
BiRBIsSPY o ETaITR0 o e DeaRs ST reknina BMGe ey Do
ctraptestor, blvaver oy gitiersievice kaolvi imtheArg 8sars bvaparatodthét increases
T Y
passedi talahyoptiomal sogredvasselc@ndenser 170. Condenser 170

may be integrated within the crude argon colum 150

[a039haiThb eompseysed atgmnvarmthing Auidds passedad a pbesshee swing
e . introduced

east i\al ly cqondensed stream 172. na
agERtor sia) Bytrbrd 116 RO Bhedhd SRRy SoralTie B oy Ve
tentpdratureabetiveen -209CtdmareOtC@andmavba messiesl bétiveen 80 p3ig and 130
apti.onal heat exchanger 60 and to a mafags for .
P?*ﬁctféea%ﬁeﬁﬂ-" B5Mng RAFoRpiiop FYFIER CATRINSER gt '§aStIWR Y RSSURSWINg
adscgpﬁomsbalbﬁgrmdfdwbdch Jdmain’laggﬁefoﬁmdr@myemjfIagsorbgnts. One of
e a r.essor evi. ce

RS MR RLee Setpn i o s eedE e Sionb el e
agEcrisenis epsrate basedioh £ Kin@titssefediiaisfop bxygeheorparsdd egon. The

o igBR i Ras B8 b adesthisnt e 1520 B 355 S e SRon W EE purited
Adgarbents oat&d b Ridlefid s8l6ktivity @RsESthct Pord aRIEGBB IS eha \WpBEate on
ecﬁﬂ@%{qﬁi@zﬂ%ﬁg%‘;ﬁgﬁqﬁ%a %ﬁg@;?ﬁ g@igo rer?tsésiﬁgt 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.
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tenper ature between -20C and 50C and have a pressure
bet ween 30 psig and 130 20 psig, The pressure sw ng
adsorption system conprises at | east two pressure
swi ng adsorption vessels 10 and 20, each contai ni ng
one or nore |layers of adsorbents. One of the |ayers
may conprise carbon nol ecul ar sieve (CMS). Carbon

[oodaic uharpme\oethaelsn bb@@t@m@mﬁ%r@me&t@mm@ flcinietintoduced

BTl HerhO% oL GO YeBSn S s oo V& 2. Wi
thik Icompn@sbh er?vrgmmmngqmaug béing thtrodcéd SPGHENES gRASIEh may

on kineti are di st nct from ds rbents
CORRrisg géq,agQréﬁ 86 gaﬂgp{ei %ar9%n g egeng]amg;ﬂ YRleme % oxygen, is
vatRldeAn Worha sebana 'éh@ @bﬁt.oh mthecmeés'a.tr@ sﬂmg%ébffdtleﬁ 'vé§§e| 10. Argon-

| ectivit ave a er affinit one conpo
BEIGB8 ImAY RaSs RIRuR PERFBENEA S APcIayUEs 58, Aledat & PRFTON of the argon-
rieA gak iy BEpadsed «@Hu@n @;Bltdnﬁl @r&é@es%‘éﬁ@ﬁ bﬁiﬁbnaltdﬂlﬂfler 54, optional

re s vesSe] may contain
hBabs Cﬁang%’vg%gpﬂ%{??agw jap 40EMNaLR0, a abid handaan,aresn preguct
stovige vdmabl @ 30 a thernodynam c sel ectivity for
nitrogen relative to argon. The pressure sw ng

[aamqr mpt@ﬁal mrmbem m&y b@l%ﬁh?%ﬁflér}kn‘é%llﬂm &Y D eerBb®RRG trace
use

t t
"HP‘Er}"&aeﬁr ?@ﬂ@?ﬁ based pusify g"qs*{oéfsﬁ%%‘f Ppssibipggtter

neaterisgs ingRae ﬂl%ﬁéiﬁdn amaﬂ@ -féuoéﬁammb ra:appséru hgkélscopait! irsh) afd
into a fi ortio pressure swin adsor tlon

g3aFs o)1 RABRUO ISR Hoto HARKTS e ehi 4csHSreaan System in
c@hﬂﬁﬁtn@@ﬁﬂtﬁ'cﬂldé%rbbmbﬁhﬁcﬁtl&ﬁ'Ué@xb DhRLEHERA, ox%éh)@w Fdating

C rlse greater than 90 vol une
3567 W OrUBSn IMRAALGS DT SUSPIATEe) Gatglyalialoh gsgatnum, pallacium
ahﬁfohdltr%v\émérﬁ ISt cERRANSUNL DN 1R wadlaviEIE R TEMBved in a
gg g thlon vessel 10. Argon- rich gas may pass
AT §hPpt biguB(123 M09 isclpsana dogiq/unibia combinatigaiwil argon
pOGication of the argon- rich gas may be passed through
opti onal surge vessel 52, optional purifier 54,

[0DaR] Onpht [eém@he@mwn@aﬁ obthe iSRENtiON Eﬂptxdhﬁtdlétﬂllé‘ﬁdrﬁ%tumn 120

colum 120, a then to an ar product storag
refpQes|adg wenallqum@fforamtrqgﬁaﬁg mﬁ $trqag t%tmer%gorb@oaw storage

véusel 10 ﬂ_ldﬁﬁwmﬂogéh frbx9 ambthef BArt bﬁﬁ@‘é’rﬂ%eﬁfeﬂﬁﬁﬂlaﬂon pracess may be
mgngurl ties, for exanple a getter-based purifier and/o

dRsyIa RORAUA84d0 Hhe.condenisar Septancadistiaiargaliaran 120. The

coricRASeihap bgﬁit@érﬁsedfvﬂfhlrﬁd@ﬁﬁh&'i célQﬂ?uHelrzo dP'n?d&ﬁde a separate vessel.
cobalt, iTan, manganese. U. S. Pat ent .

A gtrgam cpoipining m@fﬁasrag agtougis of njogen m@earege@tqdefrorgm tomof
colimn G20 \Gndon 184 bhd %rdﬁ@SnﬁMﬁ'PﬁhrﬁiHB iabddrPdyite 'ihroﬁ@r%&wdunt 128.

units renove oxygen by reacting 15 hydrogen wit

[0@43{3 Fﬂﬁdr%ﬁwgddd; ﬁfag%é%tﬁéirél@r?fr@m'ﬁéﬂ prodL@ sYsrhg® Uéé%eﬁ%o as
needed via conc?wt 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
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and/or a transition nmetal catal yst such as nickel to
formwater which is renoved in a dryer. U S Pat. No.

6, 123,909 di scl oses a deoxo unit in conbination with

argon purification. [0042] In at |east one enbodi nment

of the invention, optional distillation colum 120 20
renoves additional nitrogen before introducing the

remclru;amnetpmesdmee Ry essUPs sﬁimgtadsbmle:g GesseL$0 & a fifdl.depressurization
n_framanot her the cr,

sl oS e prosurd R the Blassia Awite AcRipton vessel 10

mayade 0 psighe 20@eiienser section of distillation colum
120. The condenser nay be integrated within

[0ai63t iDUrimtgia feasDparof the Gty of idRaviey Gerasdlrgaliersgad, argon-rich
ampunts of nitro

S R A e e R

swﬁ'@4ad$bcbt@n%5mrmvmidﬂ>nm¢hlgfas g&i&]@ﬂweéd from fresigh swing
con be wi t hdr awn

aofRf el . shligial seideaasd B2 ancis” ridss Ui 844 acoprgton

vesganhithe cd62 of Boid Bah tié aa@@pma@éaguct storage vessel
100 may be passed to optional distillation colum 120

[00473 doadeast chebmibddiidit oﬁmaOmVénti@ﬁ SNedsh arpopiaset tﬁ’é
troduct of the . conpress

d t he PSA.c t he O’w
e%"Pé%‘H!ZéBﬂ'%( Qﬁ%ier&SF%F%a Meegs °r'i é“ fatiog flows sinowy sc emat"’a"y as
a fladssonprol vaive/32 hedantGoi moti@atihgBidve thal\compries anigaytadnéeant a flow

art of another phase of PSA ¢
coffl bVReabps Sarian LRt (ieoINENRn Wih & opvsteghd ow
restgtiog, ardb® prissone coawrsielalvEOvivara theadiovnstrbamnstesdure is controlled.
optional valve 14, thereby -9 reducing the pressure
[0038] p#\efkﬁmmwtntw”mge Rcsetingd h@r@_ll_n/hﬁf va:ldé)wh haah lpi’@ducte variable
re rization ressur, e fina ressurjzation.
roslRRNCE 1D Jot i, BYACER IS HeviEs isoRURbin GHet Bacbisva e desired
rangie\of lewQatesi g to 20 psig. [0046] During at |east part
of the step of w thdraw ng depressurization gas,

[ooaggon flowCtestrigtigradowmsiream offthé gasicasheitarbemRéfid MPy Balave type of
t hevéggond end portion of pressure sw ng

Va'ﬁ%?@r%?’%ﬁr 10. Argon rich gas rray be provi ded
roos s UriEaitpam reiire, TR B.abfiaT e hip hidepk i can

proﬁeese#nabte telaBtanas eo bw MhecrebiRtance bﬂthmid@t:s Q&ried in order to
vessel s 0047

achdiper posiac ad %fa@ﬁssyr%ﬁ?wrbﬁ?r%%meﬂ@ pigssure ontrolvane.

[ooﬂiﬁeﬁu I 6?(](1 I ot éwpvgg assefl Iptg%@agprlcg ofalI'ng [dgpyessurization gas
is paesdd 0la del ventiR valle 3Rsthb@by Iﬁ@giﬁatmtglth@fléw oftheaispressurization

se at | east one flo
gas anrgjat least a port?on of the regurated depressunzatlon 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 to 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 opticnal gas capacitance means 30 may
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control valve, a gas capacitance neans in conbi nation

wth a downstreamflow restriction, and a pressure

control valve where the downstream pressure is

controlled. [0048] A flow control valve is defined

herein as a device which can produce variable 15

resistance to flow. The resistance of this device is
haaeiaewiume Briior2G timescgrieates, ax 2tesiiortisaes graatge todn theowlume of the

gr8i&ie sly g @ﬁgh%‘és{eg%“ ction downstream of the gas

capacl tance e any type of wvalve, an

(86547 AR b He?@n'}b'ogﬁ}enﬁ 8Pm ]ln\f%n98r\(‘”hﬁera§?£'}38rtn%ﬁ%'f‘{q%

contro ned herei
@orqsisuazai@n\g@snamt@na@sm@sad ¢hrough & ffitsey. (nThshomed beloam belng

lrge%cft.{&igg 1§l rﬁ@ar#ssro?’ i?lElleggmg'bré’srsgﬁ{ 500 achieve a

range o ressures "dowis rean1of t he pressure

[Gﬁlﬂg ah a\«an\aét?ephsa&ﬁ%ehb h8 Rk gt onh.Bﬁ of the

tion IOﬂ (0] t essuri zati on
dgatessiiization gad it @pt@nallytmssemo gas oaﬂa(zéam mearer3hynd

32{?9‘}(’59%“ IPﬂon REntrd %v f34t tﬁ%r&gg%gﬁlgﬁ{ddegtﬂo%f lgeaéet*pﬁggsunzatlon

ort 1 ONn 0 pressuri zat'l
ggasTheragntatewmesstuuzatlozEgasanay benpliqretly passedfto phional filter 42

I . .
53381 o5 QPRI Aol PS8 PR B0 ln AR ppgne e
42¢pmosesiany partiowlatga that maydwmsiedhe stream &pm the atisgrption vessels 10

agg%cger g@!d}g@gﬁp%%@ﬂﬁ@qﬁ%@%ﬁe gr{%@%\.’)’cg@ﬁtc{n@ orfbréSocations
lrdelpdeasgm codgrno5Qgas shawn Ireli&. 1a  portion of the
regul at ed depressurization gas is introduced to a

(06553t ilvAanothst emhodiment drféhemvaeﬁnm dtiing & portieasf theg process cycle, at

BP0 O 83 SRRBE DS SR fed 0 anc
at)ieastnfadortgmmf(thmaepressweaum‘egas BPasses gas]:ﬂphtaiaecameans 30

tﬁé‘?é@f‘\? l\99 ?htﬁurﬁ'}% eth s%%ﬁlowog?ﬂﬁte cle, B?éggg Ijslglgééd%r?d valves 32

aadi/goﬂﬁmayrbaﬂm@db caitrol HOOHBY rate| otithetdepressutizatipngas. Didring a
SHBENER3Tt 76 leER8L o ol € iokdE rppen gctiona oe
froinl erderingngas sdpamitancberﬁ&ars 30ecValyes 82 andiood4 cemtlrlue td bentrol the

ﬂ&B ‘?Jﬂgl J %Eeir p@?t o?n Z‘t%@@ e\ﬁ@(ﬁ{ ﬁ%v? g?lggggglﬂ 8% :Bpgﬂsnotto ﬁloyvr%as to exit

galsepamamezmeamsgaﬁus embgdimentahby prakieedretdocehised pressure in
t itance means 30 and subsequently flow control
thereby regul ating the flow of the

8B S35 RS ST SRR
distillation 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 mofar 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 ¢yclical 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 and heat exchanger 60 and then introduced into

crude argon columm 150. Optional filter 42 renoves

any particulates that may be in the streamfromthe
adsorption vessels 10 and 20. The regul ated
depressuri zati on gas may be introduced to one or nore

| ocations in crude argon colum 150 as shown in FIG

withir] 8675 5ind|12008noft the timerdvedigedittolaf flawn eaté of thetreguiated
o‘égfésggriﬁatipﬂlb%b.Qﬁ Pbtrlef Snﬁ&&ftﬁﬁ of % ifenfbn f&rgatl 1§23 95%, of the
portron o € depressurization gas is passed to gas

cyelp divie, thecregnintetsdegBessudzation dasdms aohokoflow oate ofithirh@0% and

g b e S B S N

3874 ° o B s oF e ntBR uff e a Shmilediin & ggetion ster.
Egaislizallon igag may beubitieaem fropoa Midite pbriiohef theqressare swing
oo YALP16 Db So AP SRR b kBl o
fiemend pogioncd pressure svang adsarpion vesself20o&qualizatiomgasmeay also be
PSP 6 et B o L B AR oRRERSw 10
passssthrough vaives J6@nd@6, and introdeckdiatd psemdrendiperticnhad pressure

st ﬁ@é%%{‘-‘%ﬁ@t@g%%ﬂi ng to an enbodi ment of the

aCllitate stability of the 25

Bl PSR BB b PSRBT bton e

wihilé abbastz:rwmuhazis imasamnagaﬁan lpﬁaslaf/,\/ltheareby aﬂdmﬂfmg]ccﬁﬁmamsj
Pl oMl B84 St Con gas Tor ot | east 90%of the
16088}, 7k o 8, iniGie Pupe Hng PRAVERadbRbaq o faining
flddvnistrodasadintotanfrsherechsorfian ofwdssuat swingfddsarptidheessel 20 via open
S 28 S I oo SRR B O R e B G RG ABon-rien
gat?is vgitkﬂrmstrpmztze 'f.ecmndi emdaatoct;m'd' nd»faraé plgamrersrvin@mmmﬂoodfessel

X C .
2 4-bbiioh B3 eS et A BIE Biofut By RAE AN A fst 2 porton of
thefargdrericmyas tiag e fassedthrolgbasytioSd Burde veseeiBRC bptidriahpurifier 54,
opRfial féH Rhici” BT ARA SR R ToE el ot bror
prodLetrstéragevvesdet 100. Arben pregutiahaybe déthdrassyas ae¢dednvia conduit

1(?%13. I n anot her enbodi nent of the invention, for at
ast 95% of the <cycle tine, the regul ated

e ripzati s has.,a ar _flow. rate wthin 80%
(oBRA 38 Hoh 3 b e s 25 Lo St ¥ i Bt ctyfe BifBressed
angegchataadhgiiyid ars the prassupe sgimg.adsofpflo véssen26s terminated by
enbodi|¥rr§?% of the invention, the process conprises an
0

clgtare n step.

[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.
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Equal i zati on gas may be withdrawn froma m ddle

portion of the pressure swing adsorption vessel 10,

passed through val ve 14 and check val ve 23, and

introduced into a first end portion of pressure sw ng
adsorption vessel 20. Equalization gas may al so be

W t hdrawn fromthe second end portion of the pressure

[986Rh Bdsing atleast apatien ofithe sfep ¢ abthddwing depybssunizaiis gas, argon-

0G0 IRl 7 BET R 308 3L R b prossur
$wipg edsorpfioradsselR0. dugsry-dthegas may be pesiidentfeor peeslird Sving
Aol PG a8 oARER s by hp RIS SE G RS IR sylro adborption
yaseeluc theorasefof priare thedn t9@adsdiptipO0&sHeisTher ef ore, in

anot her phase of the PSA cycle, conpressed
[80623)n - Tondepresswizatidrugad éxitingrddsorttion dessel R0 andyiflow thesigh means

' : i . ' | 20 .
P ko8Bl 184 5R0 Upfo e ALB M bel rBh5Eee B dbafhsengzaton
ddsuvtdch exitedli auigorption edssebd0. argon-rich gas is
wi t hdrawn fromthe second end portion of the pressure

[8064]g ladmamibodimentest sked inv@ttionAvigemeompriteg an etaplizatios step,

[ h o product. val ve 25 and val ye 38. least a .
a0 B8 SSior kG R e agrtion o} twe 2Btk aviga
aﬂsbipﬂina:veﬁwi ge, paaﬁee !hrSQghoamé 2hand marc:kfvh_%lﬁéfand introduced into a

tianal. heat exchanger tional, distillation
R Rl S e SRR D adierahih eta l Fdbalzaln §fs may aiso be
withelesin &@@.thé\sg@mdmngdnéwﬂomyh@prea?mb%ﬂwnh ds@ﬁ)tm%fe@bl 20,

t art not her se, of ..
RS PAR et T8 YR 28 it aoe % 8 3 BREETH Sestion o
peessore swing adeomtion Vessal 1t o t he pressure sw ng
adsorption vessel 20 is term nated by closing valve
22. [0061] As part of another phase of the PSA cycle,
a depressurization gas is withdrawn from pressure
SW ng adsorption vessel 20BXAMPRIE ve 21 and/ or

optional valve 24, thereby reducing the pressure in
[@0653 s sadisanisaed abieve; fitareis avthessholdX@w mtsoffthe dded stream from the

ri ' 0 r final . -,
HERISBEE] ol b1 e aBR R Frepial ghindls, detimepp! quantriesof
nddgen pre passedls e @&gon valymneinlprpsticg, the s¥dtepsmgy be bPerated close
6 j ortion of the step of
1 et Rl Bl €8P A8 PO rbliinS PR e steggy- To
study itime effebt,ceechyogenicrdistitatiog colahnesyifém waomickheleddyandnamic
rti f S i.ngd adsorption vessel  20.
B Rrold orfiBREIhE sydPladar ity SR Bl BpHET 8 ol and an
attached crude argon column,
[0066] In Case 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 recycle flow to the crude argon column
was maintained at 66% of R for most of the period and 200% of R only 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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adsorption vessel 10, optional surge vessel 52, or

anot her pressure swi ng adsorption 5 vessel in the

case of nore than two adsorption vessels. (0063] The
depressuri zati on gas exiting adsorption vessel 20 may

fl ow through neans for noderating flow and opti onal

filter 42 in the sanme manner as the depressurization

tg dfee ovbile Brgoni dohonmdas ndintained @s 363 of B fot PREXY! the pariod, briefly at

SRR el B YR e OB ot o .

108 oF e eS8l Sl b BBl Yty

rednedikg e theork8cal amakirainrapgore esdovary.oF ar thif icasd, tedthitial composition

BlePl i roRrE380 by W SinoEREaRenfiaiR 6 BouiBanse, the aynamic

streaiatigh %ﬂ:mmntémgvs@ﬁattth@ ﬁ@hﬁf&ﬁdﬂ%‘mmddwna?sngg 1180 V\aas 1.5
tnr . . n

obft 1Eiatea ChAS T COBRATRIR ol & PO Binigely LB

sﬁnﬂ:la@m@&t@ﬂﬁltdn@horvﬁsmlthéeomtﬁ%ﬂwﬁcﬁ nittdyen stanam 180 grows to
ere.is a w rate o

di d ab , ) hol.d fl . th
FREEDERTE R BT rreat i Srabietihe Tu safcaiNen Shukogen needs
t¢ be sedured 3110116 poh WorathRve dieis forGa3k @, U idté RSthefr® argon

nitrogen . are %ésed to the argon column. In practice,
g RS gﬁg?ﬁrﬁ%%)e e operated close to this threshold

rat I the flo t hr oughout. th tem . ..
rogedl sl s Ve e Blmdm racsalion: i Rsga howeé i The it
cdn:mrjtﬂatim bmtr@gémm“et d%)t@b@liém_lé_ﬂ w@d.ebts@phmq;r@bm fAetnitrogen
sinulat.iop conputer progra e s em conprised a
BhepRLAR o ® EBFnGre BhertaRiBbie Pk 0 ARMIG BisfonCase 3, the flow
ratoheithe. crdde &IQBAGDIUNTh Was Beckeade@Rig@FEnt i ng operati on
using a nmeans for noderating flowwth perfect flow

[0069] r Gb’sfmﬁago _rrzeptlﬁel@géhtﬂmimolaﬁb@d@mm@;rms@mat m©|dgﬁébntration of
stream was, mai nt ai n t a stea .
nfi3ba" 1B b besto tedsspliBS AT 2 p0Ris indertiag depending or
theedegsed of flowwatiabiity. ng fl ow with noderate flow control,
the recycle flow to the crude argon colum was

[oo]gbpt Sitelmﬂg* gﬁte ?Tﬁ%lm[?ng bfasecli rmgte lﬁﬁita&ihﬁ oPeIueitlg anslcateftration of
of R gn rje t Sti aying,a tine-average
afbiap B onfer hyFeanbivos For Giseh aip RitesR of RepBR s HCC At
derabnstadte tﬂmhgacmn ptfweflrc@nmmﬁidn&ﬁ trlié%i@r)ﬂ@% ltacfliltﬁwlitéﬂsb%irﬁ@laﬁons
neaps. f.or erati.n ow, the recycle Woo- to .
SR Pt sV MO bR tockes AHOR Hakde 1 1 SBomafe fred i for Case
2 raistivetb Gdze 1Thé aniathlit}/ af i f€dd aiPMSWpetaltRis ANste®td Biblivitial
at zero ,f{ow, l?ut stil, haw nqua time-averaged rate of
stage count in the distillation section in the 1ow 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% to 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% to 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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[0067] In Case 1, the system nay operate at or near
the threshold flow rate thereby providing the

t heoretical maxi mum argon recovery. For this case, the
initial composition 5 of nitrogen in stream 180 was
1.5 ppm Because there is no disturbance, the dynamc
simul ation cal cul ati on shows that the conposition of

refativeoperotessat WthouttBe meass 1or5nocmaﬁng| flbvﬁ@%&ha mefa% f&h
£on nitr

hieriito feBy §ePise8 las daferariaBi Rethsogbss kb dricy may be improved.
f 80
(G0 St sl et PRas bkt det Fh. vl ety Seeral prdferec

ectedenéntat Howvevet, the scomedr the prssedlnientios shegld ©@hskortained from

achleve this for Case 2, the flowrate to
t@%éggﬁﬂﬁét%ﬁ% col umm was decreased [ 0068]

Simlarly, for Case 3 the dynam ¢ sinul ation

cal cul ation shows that the initial concentration of
nitrogen needs to be reduced to 0.005 ppmto prevent
the nitrogen concentration fromgrowing to
unacceptabl e I evels. To achieve this for Case 3, the
flow 15 rate to the crude argon colum was decreased
again. [0069] To summari ze, the dynami c simnulation
denonstrates that the concentration of nitrogen in
stream 180 has to be reduced by 1 to 2 orders of
magni t ude, depending on the degree of flow
variability. [0070] Steady state sinulations based on
the limtation of reducing the concentration of 20
argon by 1 order of magnitude for Case 2, and 2 orders
of magnitude for Case 3 denobnstrate the inpact on
power consunption of the entire facility. These

sinmul ations show that the systemwould need to
process about 0.4%to 1.5% nore 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 | ow pressure colum
above the point where 25 the crude argon colum feed
is withdrawn. The system consumes nore power to
process nore feed air. The power penalty for Case 2
relative to Case 1 is calculated to be 0.3%to 1.5%
[0071] Simlarly, in Case 3, the systemwould need to
process about 1.0%to 5.9% nore feed air to make up
the | ost argon production for Case 3 relative to Case
1. The 30 power penalty for Case 3 relative to Case 1
is calculated to be 1%to 5.9% [0072] The results of
the two sets of sinulations show that regulating the
flow of the depressurization gas by a neans for
noderating flow i nproves the process efficiency
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-14 relative to processes w thout the nmeans for

noderating flow As the neans for noderating flow
provides |less flow variability, the process efficiency
may be inproved. [0073] The present invention has
been set forth with regard to several preferred

enbodi nents. However, the scope of the present

i nvention should be ascertained from 5 the clains

that follow -15 CLAIMS WeCKkAINMSNn 1. A nethod for
produci ng argon product conprising: 5 w thdraw ng an
argon-containing fluid froma first cryogenic

di stWelcgiron col um; i ncreasi ng the pressure of at

| east a p Ak [ ui d |n a
rreanl forﬁmeg@gg{%rw&'@rgg Eé(?eghgﬁ Slﬂén
conpvidsisawing pg @rgo@cnw’@lrmgwfgdld fro,m@ fi rﬂmamc |d|$glla;t|pn column;
|eas|ﬁc@a£19§ tHeQMeQhurd &¥et RS F51H ?on o?ﬂﬁggfboﬁ%ht%t Sffﬁbld ina

luid into a first end port I st
S\KE'Q?QS a%srmﬁﬁlwre%therep@ fumingdg WMQSS@dfarQ%contalnlng fluid;

ar goiﬂtréd&mg%ﬁeafsf Qﬁbrﬂoﬁ? B0RE doRprésaay érbgﬁlc&ftalhmg ﬂf.lidrlﬁtb a first
pressure @?Pa sorption vessel; termnating t
i

&0F BaLen |°Bﬁf 'ieﬁﬁ‘rﬁé}‘fﬁ‘lgé%%@t'% ¥Ss€leont ai ni ng fI ui d

i nt o.pvtrmeavﬂmg afiirst BFRRSIEh@ad WormCa S4t5Ad Bhd POHiYIEEEBE first pressure
drawi ng a de essurization gas fromat |east one

wanﬁeadls?rlp n%?ﬁ? ortion and a 15 niddl e portion of
t he termisstingrtas Sitroductioh Rfthadsmppissed argenaohtaingr flyinto the first

ure [n the first pressure swng
ag’g%%ﬁ 8‘@“%"3“@&%58‘*?9& nal depressurization
pr esmthdeawm@gtdlealtessnglzam ddsdwmoét lesstlosa st the fisdend portiof and a

periAERORER L e Bt B apnaiSioilth [ Ss) fhoehl Riloto ne

n@c&sﬁalﬂ im gwefﬂrstwremm'yng adsorptionivassehta @fipgl deprassurization
(g;;g gg,%url zation gas; and introducing at |east a
rtion of the re?ul ated depressurization gas into at
| easfFQU’éW%S he fiower o lpast agofiegea the depeassuizatippaas ey parsing the

a@lgleb?(% Wofftﬁé dépﬁ@is@ﬁ?étﬂg gas 2 Helns oY"ﬂ%@i'éﬁné h@rv thereby

nmeans moder at i ng {1 ow conprises at [ aereEhed o
fF%WI%{ngHatMQP@SSHNZ@QQH @8HaB¥t ance nmeans in

conmbhféduchig atidadt Apsravmet the Asuldiid predsiifi£dtivR Gas Midlat least
one of the first cryogenic distillation column and the means for increasing pressure,
wherein the means for moderating flow comprises at least one of a flow control
valve, a gas capacitance means in combination with a downstream flow restriction, and
a pressure control valve where the downstream pressure is controlled.

2. The method of claim 1 wherein, for at least 90% of the PSA 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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25 a pressure control valve where the downstream

pressure is controlled. 2. The nethod of claim1l

wherein, for at |east 90% of the PSA cycle tinme, the

at least a portion of the regul ated depressurization

gas has a nolar flowrate wthin 50% and 400% of the

ti me-averaged nolar flow rate of the at |east a

portidon of Thehmethed uf albimi3 v8@rele theegascdpaitaree rgeens H&s a volume
T : f.clal ej ns .for ratin

OFf . FEhmeS o Rarsr Birng lcCortng I FERNG e Hp RO Bl Vbsser
downstream fl ow restriction. -16 4. The met hod of

claim3 wherein the gas capacitance neans has a vol une

0.5 20 4, . Vv f j . :

o7 csSir o iiengd BF Gt 1 UBRrai fhe' SrfRssta 4 boihing fic
comarisesioxpgen etha mateodtturtheessratisinggoneticalit adsortrigg fHeudxygen in the

o RIS A A P SBTB ™

pressure sw ng adsorption vessel using carbon

nmol ecul ar sieve. 6. The nethod of claim 1 further
CONMPIa Si NG WM " g .zation gas from
Che i dai anshiinds BEhaR Srdrdelbofghg 2! 20 30 g

adso ; eyl ' ' :
the. fiPdRRiTE RS calilzhAIH 634 Worfing FREe B bl B st pressure
swingasisabtipn ¥essplie swi ng adsorption vessel; w thdraw ng

a second equalization gas fromthe second end portion

of t Iérodlueipg at pastapertion ol the fisstequaiization gas it 2 fitshdnd Hortion of
a's@EérﬁP&%b&ﬂe%‘Nir{sgeifoﬁ'tbgﬁioﬂ‘?/%ée‘?n of the second

equal 1 zati1 on ga a sécond end portion of the

Seéco Rﬂh&(aﬁée r@gﬁ?&ﬂd uafBRbRGaE RoMaRS %chqﬁm;ny}%rfﬁ S first

of clarm n {%e argon- ROnCai Ny ng

PrESayei sydng adgosptiasrvessainargd vol ume % argon. 20 8. The
nmet hod of claim 1l wherein the first argon-rich gas
conpintrodycigy atleast a partion githe secorel dgualization gas intha second end

f ' ' fir rgon-rich gas
pﬁ%?ﬁ@&geﬁé@ﬂ?e&%%@ﬁi ggé%ggptﬂ‘\?(hlvé%rse&% oxygen. 10. The
nmet hod of claim 1l wherein the final depressurization

pressure is O
7. The method 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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psig to 20 psig. -17 11. The nethod of claim1 further
conprising: introducing a second argon-rich gas from

at | east one of the second pressure sw ng adsorption
vessel and a third pressure sw ng adsorption vessel

into the second end portion of the first pressure

swi ng adsorption vessel during at | east a portion of

the Hl.st ephemethiodrd ckih nduttiner cdenprisimgur i zat i on gas.

12. The method of claim 1 further conprising:

filtentroducing a secindangorefich gaes fatm laé et enepofrthé secarfl pressure

Sty SRR Vo8 dnlh B3 Pt B S o, BB to Mo second

emgtpontibnodf thé _ﬁistrptbs‘smmtslm?_rg am!asmtt r loglr:feglsil i?tiggd???ggamnion of the
, , fir -

%ﬁ%ﬂﬁﬁ%béﬂ%cgépd%%%\”#tﬁsniQﬂ%‘ gol um. 1% 14. The

nmet hod of claim 1 further conprising: introducing at

| east a portion of the first argon-rich gas into a

PurT g, VARSRRpRaPLA W BBy, TP 2 U

for producing argon oduc

di st ' I Vji.n [ t d Let e

out | dJrefts SXlofet e HRaedisl ooy M adtteSithlon dedana the
airteanta portion ot thearsgulgtedrdepmsserization lgas.ar gon- cont ai ni ng

fluid having an inlet and an outlet, the inlet in

fluid conmunication with the first distillation columm
outlet; a first pressure sw ng adsorption vessel

havi 18- a flihesnetbad opdaim bfyrther adrdgtisin®@5 portion, and a
second end portion, the first end portion in selective

f 1 ui dnteesloningiat leaisba powdion lof thedirg@rgan-rigf gashistone seconfigryogenic

disﬂﬂ‘eﬁﬁﬁ%ﬂﬂnrpr essure; a second pressure sSw ng
adsorption vessel having a first end portion, a middle

portion, and a second end portion, the first end
portion of the second pressure swing -18 adsorption

vessgl, 1 N hglidhbd 6 da Pf&fﬂm&%‘i’ﬁ#” wi th the
outl et of e neans Tor I ncreasing essure; and
infroducing 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 middle
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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.a nmeans for noderating flow having an inlet and an

outlet, the inlet of the neans for noderating flowin
selective fluid communication with the first end

portion of the first 5 pressure sw ng adsorption

vessel and in selective fluid communication with the

first end portion of the second pressure sw ng

adsorption vessel, the outlet of the nmeans for

o d eadsiorplign iveseel inrsefdctivedfiuia commicieationrwithi thé oatiet bEths tneans for
on,%rggs"{eq{l; #éﬂ.ﬁ%n&f the first distillation colum and

t he 0 means for increasing pressure,

wher @ Mganh tor medaeating flowbadngian indet fahd an oothgly the setal the means

| &St fen@ i

cap ac?c{ygﬁmg flr?g éﬁEQ%ﬁggln_{gCHonﬂ&nYc% |¥fwltﬁti‘%ﬁst etnd ggmon of the first
f IP&ﬁSPW"Q:@CiS@FPt'OENGSSGhaM eselectivedivitt gashmynitation wiitb the first end

t RertidA W e sRBGR e Sstiré ?vwh aEQﬂbﬁcﬁJ Je@gel tillé ]putTJi%f the means for

apparatus _of claim15 wh

OB ERING oW IS Jhid EPBMHBIERNn wjisat Rashiena affoenied aftbe fir distilation
a collmndmionss Tn&ﬂimthé %ah@%rrﬁc@édsﬂﬁ prdgsurel N€ appar at us

of claim e downstream flow restriction

conpt<Es ]"éel mP@%%gPr @ﬁ@er@t RAIVGFRMRSISES 4t ipast opg of g flowgantrol

applse,at ges aﬂ:aataabmnbﬁnMQfom&hahbﬁwﬂﬁl% doRRSEInRNGE restrlctlon and
reater t an th

”E%?ésst]%f co{%ﬂgl"%lv%sq &0t ﬁ’gscgiyvgsg%r?] greéggrs rHEIHR eq, esse I

19. The apparatus of claim 15 wherein the first

re re ssel and the second
Breﬁre@% a'%gﬁgf {a&rﬁ’ﬁs@g rf contai n carbon

mol dbemeens fosyederatiog idw eomprisesat ges capacitaacemedns and a
VWRSkAdtRah fowTedtibforPor tion of the first pressure
SW ng agsorptl on vessel is in selective fluid
communi cation with the first end portion of the

secofyd prﬁr%%rbbﬁraﬁ\@ cﬁ‘QIaﬁﬁ?@ ng'eg'gth%%%gtreaﬁgﬂgw ?ers?rlcﬂon

the second end portion ressure swn
aS%P"ﬁﬁS@ﬁ'eé‘éfs‘g@lﬂOWsWPHO'é’élVéct ive fluid communicati on
with the second end portion of the second pressure

SWi n% adirg‘r ption vessel. 21. The apparatus of claim 15
furtifer JOREPPIRH:of clairg 18 wharein thaioas sanaditance meansigs a

awvolumb {5 220 tiresQiéatet tharh the violn®d ofthe firREprBsdurd &Hrhéﬁa@sorptlon
f||te|r in fluid communication with the outlet of

MEANs” f or noderating flow, the outlet in fluid
communi cation with the inlet of the first distillation

gglnpr i si ﬁ'hg%PP rgﬁls%? 8%! ?vhglfeln tlne fn@t pressure swmg 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 fluid communication with the first end portion of
the second pressure swing adsorpticn 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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a second distillation colum having an inlet and an
outlet, the inlet of the second distillation colum
in selective fluid communication with the second end
of the first pressure sw ng adsorption vessel and in
selective fluid communi cation with the second end of
the second pressure swi ng adsorption vessel. 10 23.

The appatiediate fiter Gavindra® didt wht R@routen e inien of tha pamculate filter in
nt al.n

el P b et i e derasbalan fecqutet i fuio

coasslicdtioh etithi the &wéteﬁthe/f&stfchusmldnmm'rﬂh.catI on with the
second end portion of the first pressure sw ng

adsorption vessel, the purifier outlet in fluid 15
communi cation with the inlet of the second

di stid2, at i T apavaits of AAnDESARhIS AN 0
a second distillation column having an inlet and an outlet, the inlet of the second
distillation column in selective fiuid communication with the second end of the first
pressure swing adsorption vessel and in selective fluid communication with the second
end of the second pressure swing adsorption vessel.

23.  The apparatus of claim 22 further comprising:

a purifier vessel containing a getter, the purifier vessel having an inlet and an
outlet, the purifier vessel inlet in selective fluid communication with the second end
portion of the first pressure swing adsorption vessel, the purifier outlet in fluid
communication with the inlet of the second distillation column.
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