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TI TLE OF THE | NVENTI ON: | MPROVEMENTS | N CYCLI CAL SW NG
ADSORPTI ON PROCESSES BACKGROUND OF THE | NVENTI ON
[0001] This invention relates to cyclical sw ng
adsorption processes for the separation of a feed gas
m xture. As used in this specification, the term
"separation" includes the renoval of contam nants
and/or inpurities froma gas streamthat my
subsequently be 5 further separated. The invention
has particular, but not exclusive, application to
renmovi ng, or at |east reducing the |level of, carbon

di oxide in a feed gayITLE ORTHEINVENTIONt abl e for
downstream processi ng. The invention is especially

usef UIMPROVERMIENTS IN CYGUIOAL ISTINGEADSORFIONVWROOEBSES
to be enployed as a feed gas in a process for the

cryogeni c separation or purification of air. 10 [0002]

Car bon di oxi de | SBACKEGROUNRIOF THENNVBNTIGN gaseous
material and renoval of this and other high boiling

[0001¢r Thissinvdrion exlates te cyaitarswinghaddorption drecasses Eanthe separation

of et ixyirS. A8 ESST Y this ‘PG cdrdh i {b Sepgietbnfotudes tne
remavgd béclzmmgﬁnis:andmrmnpgmiesgfom akas 'silsriedlrz ér:ﬂt grza:ycmjbbémgently be

t S r no renpyve . . .
tfief spaaritef vt hes barticdin, pUTins atiSve. Rprcation jo
remoysg,amat feastredidcing fHel levd! of,earbon ditvdeliownietd gasto render it
Pt &7 onubaferin Broeasivg. n oS REEMaTF s8RAT sl frpmoving
cprdboardidxidef fuarh agrwhichois ¢s be egnpidyetilae o feed gga & procass foothe

i in the subsequent process

reduce the risk of bulld-u

cWQF'é’BfeB?r@ﬁ%'ﬁ?ﬁ %'f'gﬂt'one‘?fﬁ?rosi on hazard. Hydrocarbon

o l . .
GRRTT P FRRE By i R RIS IRl iy removal o his
and jpiren highdoalling mallt:ﬂ??,\e/focammmso en.?&er:fvghinh magft_ceemtegaﬂ in a feed gas
ey e Rl B 38 SRR B Fede I Brurermpergpure for
eaﬁn ?lemrjrayern(c]'ﬁvfb)rcgss) \rNI e ?mgggg?gT?%ﬁ@¥EtHimer:é R&tYemoved, they
ety o SRR Sl A e e TVl B irq dop o fow
d!i&amie!sym tHehdowTstreamprosesso ﬂtduqt al_do be nacessaly aradesiraivia ¢ remove
e Jor Bsia B S ive” Mt it AP SRS F3R8 feea gas so
s Pty o bty s
FHR05R Bty Hilk PR el Fheb e R Senhdh bt oG Flon o
hazard. beds alternate between said nodes, -1 [0004]

Generally, in these processes having air as the feed
[0p0S] \Betveral prodessestave known for separating one or more components from a

feed gas mixture using selective adsorption by a solid adsorbent. These processes
include temperature swing adsorption (TSA), pressure swing adsorption (PSA}, thermal
pressure swing adsorption (TPSA) and thermally enhanced pressure swing adsorption
(TEPSA). Usually, the process is conducted in a cyclical manner in which one adsorber
bed is in an on-stream mode, during which adsorbate is adsorbed from a feed gas
mixture passing through the bed, while another adsorber bed is in a regeneration mode,
during which the adsorbed adsorbate is desorbed from the bed, and said beds alternate
between said modes,
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di oxi de are renoved froman air feed gas by contacting
the m xture with one or nore adsorbents which adsorb
wat er and carbon di oxi de. The water adsorbent mnateri al
typically is silica gel, alumna or a nol ecul ar sieve
and the carbon dioxide adsorbent 5 material typically
is a nol ecular sieve, for exanple, a zeolite. It is

[6003Y € BerRRaly, ihAnederBYSssBahaving bfr%% tﬁ@féea R@s, WaEP&R carbon
di oxi de by passing the feed air rou aS|nI

digxicierasa mmp\égﬂérorb ﬁ"@&iﬂ%ﬂ@ P)égmi%ct@g%a@ gwﬁwg,wlth one or more
aaeéresﬁt@dwﬁ&{adébﬂé ﬁé@ﬂbh@bar@@ﬁ QARide0 ﬁ'rféfwat&@éd%brli@?\@' material

carbon dioxide in a colum. Renoval car bon di oxi de
W“bﬁﬁé&cawe@rﬁ'%mmg m@@@ﬂi@frﬁéﬁ‘ﬂesaﬁddhﬁ C@@W digxjde adperbent
rﬁa"-"teﬁh? B IeVa ARRicLRAPSRYE, %r é)aﬁn;ﬁé fd £édﬁ(ét iPiRRbAvdiBnAlto

downst r eam pr ocesses. ter adsorption, the
TW@W watef B@Ha@@@eni:amntd'@ﬂcﬂe bY B@ﬁsmgetham ajethrougha single

aB8GtbEMGay A &7 Qéﬁ’éﬁﬁfe Ihﬁr@ﬁpé’@&gbétrﬁ s@lef:ﬂe@‘rf% referential adsorptton of

regeneratlon which stri e adso mat eri al s,
asdoapas Q!@m%w ajedinae ﬁtPVﬂ}aRfé?labeF1rd:bW@Q1%Nd other high boiling

?ngﬁ?ﬁé‘b 509 6w T8RS %?é&él | desir@ble férithé Bﬁl’i:legFSperéﬁbn of
In a T A process arbon di oxi de and wat er
dp\é’ﬁﬁﬂ%’#m PEACRBIASheric air is typically conpressed

usi ng main air conpressor (MAC) followed by

[9005Er ﬁrt@bﬂﬂwp@mth& Gifpedoas sshuhefs remiibe ﬁ@%bMtb@ﬂ and the
aﬁgbrﬁeﬁqg @fq%s%ﬂ t? ABwddire aE%nfdéEWﬂ’dh ﬁﬁ’ﬁ& e adHér‘bBS ’materlals
Tor exanple, gerated et hyl ene The bul

fqrt%amteeq%arb@w ﬁl@nﬂe @ad watarpirem l’BQ @@ﬁ%per&@na éﬁmer@ﬁataﬁa for

fBRAasi on of the condensate. The gas is then passed

to an 20 adsorber bed system where the remaining water

[G’(ﬁﬁ] Can Q‘?‘Sﬁgblﬁéés‘iqolaéeﬁ"bér? giexiad ahy wa@éﬁ@h@%!oé‘tmésgﬁém air is
using two adsorbent beds in a parall arrangenent ,

tW"Wﬁ?”“B@Sé%Pﬁﬂ@G maig Air £QTHFERSPHIMAR) ﬂoaow%bbwa@r cpgling and

rétR6VHI of REING SdrRdnsatwhidRin a §él%a‘i"§top efhOAi Rl b% further cooled

reversed 1n the operating Convent i onal | y equal
upiap; fee exaipile Jetrigesated gtha@gg phnlhekyk of the svater’is removed in this

sfe%gﬁflﬁi’naéhﬂlon bﬁg Qﬁﬂ)arﬁﬂoﬂ bané %Hﬁ’tﬁbrh%ﬁfe V‘ﬁ'le%bs' @H@ﬁ' pHased to an

renpved fromth gas i s adsorbed while

adgorper ad sygigm t"ﬁ@’eafbg 6?’?3@'!"!5\9 Vﬁ#‘@t@%"aﬁmﬂ digside ag @moved by
ab§&pbtig. adsorption causing a heat pulse to progress
downstream t hrough the adsorbent. The heat pulse is

[(Id7P Ve Usthg %%Sﬁﬂ)eﬁ%ed%fmb rARYESARFRAEN %e%aﬁ B@ operated

adsor bént bed during the f or on-stream 30 per.i od
fonadsagption while erthertis Qﬁ'"ﬁﬁwte%é% tnﬂjsrpleaéxegawmllyéaversed

wf) ﬁtegﬁgﬁﬁg@g fc?é]eg @:%nv&ﬁiﬁﬁé?l ualBéridisiRe dbeagy ﬂﬂéd%ﬁﬁ@n and to

. I'n the regenération step, part of th
regepgAtiongas, for i nstance nltrogen or a waste stream
froma downstream process, used to desorb t

[9008dr hisdhe sppBPRAf gvhmds haxyg 5@“9%'!@@ dhafepd gaaéﬁ @dsefped while

thePbdifis ¥@-stream, the adsorption process will generate heat of adsorption causing a
heat pulse to progress downstream through the adsorbent. The heat pulse is allowed to
proceed out of the downstream end of the adsorbent bed during the feed or on-stream
period. During the regeneration process, heat must be supplied to desorb the gas
component which has been adsorbed on the bed. In the regeneration step, part of the
product gas, for instance nitrogen or a waste stream from a downstream process, is
used to desorb the adsorbed components and may be compressed in addition to being

-92.
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-2 heated. The hot gas is passed through the bed being
regenerated so renoving the adsorbate. Regeneration
conventionally is carried out in a direction counter
to that of the adsorption step. [0009] Ina PSA
system cycle tinmes are usually shorter than in a TSA
system but feed 5 tenperature and pressure and the

he&@an ﬁ"héWo@&asﬂ@%a@éécﬁfﬁrﬁfgﬁ thé Bbd Being rEy¥HéRdted Bo Pe?ﬁovmg the
systens, thé pressure of the regeneratlon gas is

aﬂﬁ%’ﬁaleh ,ﬁeg@f\emen F@’é‘(f”ﬁﬁ%a"é(rﬁcqfﬁéd OEHBﬁgCBrePPPVb‘F%‘iQI e that of the
akiSorH ﬁ@rdstbg renmove the carbon dioxide and water from
t he adsor ben Regeneration is suitably comenced

{&ﬁ}‘g@r ek fF‘SA‘é‘g%ierﬁ Lﬂy%% {RdY Ar8 %Qal%‘h\o‘)ﬁef {hah ‘c“ﬁ ét'l"S‘msysféPn but feed

TSA has reached t downst r eam end
temperature ﬁ”@)ﬂquﬁ%ferﬁ@ﬂtth% (rasaeraiion gas gfjen g@oﬁ"mlart Hr&pwever in PSA

s?ét@ﬁn@sﬁne?freés%&,e&qﬁé‘?ég%rr‘\e?’a"ﬂlgn igh8 id\8@kr iah tat @?fHerSQd gas and the

om t he adsor pti on dgas conponent in question
changesip rersyre i usad toemaeyrdhe sargop gioxidlesmduyater frerm dhe adsorbent.

HegBREEH |sd.5lﬂﬁthl5\? c&ﬁ%ﬁ@éﬁbé@% thbrhe‘éPBﬁIEé‘ﬁ\tenﬁ&le-El%ovb'in relation

I'S_unnecessar enerati on 0&
torh8Amgs repched mm%d@wsi@aau@m @fttﬁ'é Red T'IEE#\FW@IOHI the heat pulse is
ré&éré@fﬁﬁhﬁ?froée%%ﬂ nEu%ﬁQr‘P Qnd e HHaP ¥R d%ﬂ%d‘ﬁ‘&rﬁrthe adsorption
fromfeed air. system water 1s I cal \{)
otmﬁ-'fgase?@ntn@nantz'a ﬁltleSﬂQﬁ‘ lmt@neﬁlm\tﬁe &ed 889 @ﬁ@@ QF §flesorbing that
C I

CORPOHT LNy FIGEREIRonZ I (PSS © i, g Binduep i 1Scat the
regenerAtien gasnol ecul ar si eve for the adsorption of

carbon dioxide is typically e ed and the nol ecul ar
[9919] ¢ Tihgyaal nEpRsUrHEWINg GESORPHEN Kl f%)p@ alge suitabjg fas removing carbon
RSN vAtEY frdfm E1‘éé’<'1 SEPRLTPSA 's?stﬁﬁ’\n%ﬁﬁs ty |c§IIch%ﬁfmed to a zone
system 20 water does not entelf the nolecl Si ev
in Whish arwatargdserpfiontmedivm, M?ﬁﬂp'wttwte%ﬂlvﬁ\'ﬂaa‘ye&ﬂ@@l%| is
d&b@ééif A@.Spélﬁt‘ae%{nﬁ c'om?JHnEm@ fo?‘é%npﬂﬂné’ Rfolédli|a? 8RVE YoritRe

order to desorb wat er fromt | ecul ar sieve

adsgretion afmaeborn diexds isstypicallyrumpipyaskand the malecuiar gigyedayer and the
ZH% %?%@Qérph&? of watBBcorReRticHally Eregé&a?a‘ié Irf SShta8Nb ¥ SA system,

whi ch are i1 ncorporated herein his reference.

vwser[ctysi pt qrﬁefmwe@#ﬂfmdamﬁo amestmjlcant iextentrwhjsh
aHbéAtéje?ons@« évgfasftﬁélﬁéeé RURPGR é‘ﬂ %fhmdﬂ]rﬁ ee&%rgy.nvmumo desorb the
I OXI de TSA

car bon previ ousl y a I's desor
waiRy feaos Beaelecylat siev layere JEiSfBropgssesAre fesarihpd i, for example,

U P&l%ﬁfsNosEj Wﬁﬂﬂho@ 846,598 ¥nd 6&%&9 oﬁwh%ﬁ%?@fn%bidé%ted herein

gas at a pressure lower than the feed stream and
by dhip éefatepee greater than the feed stream and
subse uent lK’ repl aci n t he hot ﬁienerati on

b
[ean1y éﬁéﬂ@' héncejbe AZDERBA), Hls_% B&AY @@Bﬂ%ag@? ﬁ@%ggggeneration
p?éde@&"ﬁ‘n M‘ﬁ@h Eﬁl‘bbﬁ ddxiHé 6r9vn3€sl3?é&ﬁ?€&ﬂls%sﬁr‘5@'8 ¥yAEA &hd adsorbed

systemso reducing swtch | ossés as
tIS g@mp%q gyj PE{. Ao Hvs process. desarption eecurs by feeding a regeneration

gas at a pressure lower than the feed stream and a temperature greater than the feed
stream and subsequently replacing the hot regeneration gas by a cold regeneration gas.
The heated regenerating gas allows the cycle time to be extended as compared to that
of a PSA system so reducing switch losses as heat generated by adsorption within the
bed may be replaced in part by the heat from the hot regeneration gas. A TEPSA
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bed may be replaced in part by the heat fromthe hot

regeneration gas. A TEPSA -3 process is described in,

for exanple, US Patent No. 5,614,000, the content of

which is incorporated herein by this reference.

[0012] In contrast to PSA, TSA, TEPSA and TPSA al

require the input of thermal energy by neans of

plteRs BidsBiibddif P ERIAB, 199 PaéHh NeAS 5121090 e cBntaRbof which is
aracteristic advantages an

'WPW&ﬁhQ@@%by thirereferafea: at ur es needed for the

%eneratlng gas are typically sufficiently hig

WZhpliecovEst o PHBJ Shs EP&Ppa@QEPSB@Mﬁmredhetwt of thermal
|
L e
chargsiegistiq advantaggs @ﬂ@gssadmt@me rTéqel tompa@tses reededder the

58 SRR p SR Sl MG, o e

demahdsron theneyaldny eng‘heermggbhncrempeaaaesjc@stmsiymaﬂy there will be more
GRSl WA S S8l okl e g moreof neso
cdimpohérgs, fot exappiavatee, \ml‘qatjsx;rb cstrongla aﬂi@Anoth?Sﬂbraﬁrxan{ple carbon
FEGBINUR LRTE Ry IR LBl Dhon 130 deRng gty o be
spfificieoifioethe dBSdrptlgE okthal horetstrengly @u_serbaw companad. iThebigh

Sy BeBr b RAER £ " LS DL BBl ey s g oo o
irsutated ersselgya cagenemtion gas pedheater And asiimet erideprpcoday, and

SR EARCk R BB IRBRAY RloPs sBHns g 8 mgphapica

spécglﬁcatientmrllae systam. &l opeyaiign, theze shentta engedyecast assostateshwith
oSHRIERSER AR, b PSR Mok SRR 3T R98 B fios o
awmdpgtt!emneesd fov aoping Mh@ngMemBeratllresmlﬂlpogh theshodfcycladime which

E&&Qt&ﬁ%%; ﬁtbv'v\g? h?ogﬁdﬁggﬁrﬁéi& and conventionally is

ase pPOSSI ed conditions to
(P300S P o L4 P40 ot A atons
thm@bmmlm af thestead gas duxturego dpaepaiated and corventianally is based on
| ' A .
L 148 AR AR Bkt Shbrogy

Uesmalee thenprocdss aongditions for e systens peet prarsetecksl arshneuwin censtant
dgﬁrz_cgégég%@orﬁlﬂ%raﬁ' tg\ségg%bqﬁgaﬁﬁ@%%m&ga? Wa@l ml; ?I?eg i& éhgg.t Iiﬁly content of
atiserbsiegvaywbe pmtuesﬁd wifhoohrighoof exce;edm@tmmpmtyeof the system to

' ’ "t _
s 8358 o P8Rl bRl B bl vging pesse o
alrlowostream erocesst hetheeast oblemuabaf cathomdickide rchyater from air,
a@&ﬁﬂﬁ Ly atﬁg%i & at@é’ Ial'ng: drf B{égﬁiﬁﬁ# ?gﬁf@o&g‘@ﬁhﬁlg%ﬁaﬁ& REi@Ffhe process
is ter’qeeoparated aa ik Ieeélauf caxboB Qlidxigel ahianges accordieg to pollution levels and
V\%?G,Erkl)ﬂcl) ﬁ% d:ﬂ F;g% St&ég{%eg %%p%ﬁin@tf? %Sél‘?ﬁioﬂg liA Il&:élqgmpéﬁﬁjre and relative
humidity. !n the particular case of carbon dioxide pollution, the carbon dioxide content of

feed air can change rapidly and substantially in response to a change in wind direction if
there is a burner stack emitting carbon dioxide in the vicinity or to a change in local
weather conditions. For example, Figure 1 is a chart showing the variation in ambient
carbon dioxide concentration at an Air Products' air separation unit at Wigan, UK during

-4-
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feed air can change rapidly and substantially in
response to a change in wind direction if there is a
burner stack emtting carbon dioxide in the vicinity
or to a change in local weather conditions. For
exanple, Figure 1 is a chart showing the variation in
anbi ent carbon di oxi de concentration at an Air

e st lwtzﬁtra ﬂ:lzzbstrﬁ @é@bbﬁ@@lﬁ%@ wg%ggjg Tvté}étwbrrdnmth tb 22nd
erio 0 r venber ere
NoYSTRET 28 Gihg WHEEBR RIS CTBSEI SN Wos Ve e Hormal
Ié\bﬁoffa'ﬂobﬂms(ﬂp&ﬁ'aﬂﬁ réalﬂh@ﬁ f@('dﬂﬁb&\ﬁ%&@%ﬁe SlhﬁlaﬂP IfFf@.hre 2isa
| evel of about 450 ppm and reached a geak of about

Ch@tshayving the yayiatien Wrgblgnii carbon digxde canraRtration alan Air %roducts

ai’r%bbé‘tfah@rﬁ‘ uhuﬂ aﬂ@fé' ¢t 'GraiﬁaURQﬂmﬂ!t; fd BioRICNE Bdth @ép(éinl?ér 20086.
Pr oduct s' air separation unit at |sle

Taes 15 2 WG Aumer @taphan the vickuty 4 e unitgang the stfechind Barpgn loxide

eﬁhl@éc?oy ﬁmaﬁsthéﬁrbﬂferﬁlr sePafdtioniunitid@ependbt iponthe WRS direction. As
unit and t effect of carbon dioxide enmtted by that

cap heisesn qaﬁ@'h‘i‘*?*'%ﬁ@?%ﬂ’é‘i‘fﬂﬁﬁ&keﬂ do S\Q‘?Séﬁegﬂppfﬁ'pon t he
wind direction. As can bhe seen, carbon di oxide

[0 e Tihers haye heenpseprasaisdy dhe RItRT G t YAY the Gclp tuﬁeeqfé cyclical
sWﬂ'?gead%Sﬁﬂloﬁ rp%&é%@i&aéd&nirﬁ%d@é tRdngas tin ie@db%étoﬁﬂ@suﬁdﬁ' Bor

Wi ng adsor ption progess

eé%@ewnis!éaﬁaée@m &@%W&Ws@ﬁ@%ﬁ&%@w Rywificatign o gas
csmammgewatusaﬁ’@bﬁ@bf M¥Bre é.’eegﬁgarz E3mpbaete BE pasdify the gas tgrough a

adsorptive purification of a gas contaihin

mlReUsY siyededde W%WQS@FR?@F%‘PR’EPW"E&@W@%M éhegeﬁ,s flow prior to

tﬁéﬂﬁr@uﬂhr@ghwbewbaé vﬁdté\%pesmemmw HpaterabisidPaRt Breakthrough
nponents, termnating the gas flow prior to the

ohiheRas: ﬁéﬁl&ﬁ%ﬁ)rb@a’wﬂ&aﬂ@awmmo@n@ thep é@gqswratmg the
nileduRlraRivé af BRBlatitdy BWKprFéi%rbf 3bo °f20€) h@ t{y%%&mg a heated

easi | y adsorbabl e secondary conponent
PHEISGS tRTouah the@olegylipesigyain e opeosie dir eF’(‘Q’h‘Plt% o9 flow, A dual

be8 BPSEM Y desctbed Mwhich @8sérplion Raphtn@edin\ Gt IsH willdt 8 other
gas through the nol ecul ar Sieve in the opposite

”&ﬂ?'@@ﬁ Eﬁgeﬂﬁra{"ﬂ'éfcﬁé‘sgq fidg.reNodual  bed systemis
described in wh dsorption is conducted in one

(0451 s U hatept N@f4 1%?\9%5 diselesethe @gﬁgpp%off@m%pr@m(s) from agas
fééd@sniy?é UQQ be&%ck@@ﬂ@h p%%e?@ﬁ%nc%peréﬂﬂ@c?o%ﬁms including the flow

di sc| oses the ad sorg’al on of conponent(s) froma

ralgelgled andh QUtth&IHPe’S e iRlehand QHfelpreeayes apd meegratmg pressures

aPPSérletiNBie GRBRNtY bPPSrgb MeEquIEd B PeddriRYate tid Bed tdibifted; the
and outl et tenperatures, inlet and outl et pressures

PYr&e f%"@ﬁ%%‘iqfﬁ@e prerating eanditiops calgyaieds and,hefgaenqraton time

cOhtrdiletde tﬁétQM\é b@@é'fbﬁﬁst&ﬁs WEEEHRbRUNakMReh ®6henerated. The cycling
cal cul at ed e flow rate under the operat

tigsrig contenlied @éﬁé’&r' |- shorar ihaa thetparBrratiey Hmeiang t'i%geds switch

at thatdried dfesht Sighel hat the purge flow stops when the bed
has been regenerated. The cycling time is controlled

[60162 NS PARNNNb. £472,178 dicbiases the aksephen at dpbort dibRdéHdm a
the beds switch at the end of that tine.

water-depleted gas feed stream gas stream by a TSA sequence in which the carbon

dioxide-depleted gas product of an adsorption bed is initially passed through a

recuperator 1o retain heat but, after the gas reaches a predetermined lower temperature,

bypasses the recuperator. The flow of feed gas is discontinued when the gas product

reaches a predetermined carbon dioxide concentration, the pressure of the bed is
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[0016] US Patent No. 4,472,178 discloses the

adsor ption of carbon dioxide froma water-depleted
gas feed stream gas stream by a TSA sequence in which
the carbon 30 di oxi de-depl eted gas product of an
adsorption bed is initially passed through a
recuperator to retain heat but, after the gas reaches

réduRE8 4Rk %%élﬁiﬂutnhﬁ&{‘ﬁurgé@ Wtérfcgfréntly WHPRDERR, da%ewh% has been

recuper at or as I's di scontinued

healeddx SxiaroallyUPplasthas and ragousrepdiont ffom toeFasyRerator, until a
B S ARIE 1S bEANTE PR 8Bl WihiR Hndly suppiied heat

reduced an init dg countercurr

uifiie epaREoNg A apRIAKigTatelA at e depd ensteldte Bod and tendlisopntinued,
tﬁé‘l@é& i ‘?Qpr@ﬁ'ﬁ}r LoliRERURERT \DlﬁﬁvatfeF Qmj Eé’r‘ﬁ‘)gﬁﬁ %W%[@p‘%ed gas

zone exlst's In purge IS

Uﬁtﬂﬁhﬁ? hed ceamem PIESEX Prashide|sych ﬂtﬂé Fh%@ﬂﬂ%&pﬂ cyeleican brdnitiated
r
ST T84 PB8 i RACH S B84 L 50AGRS Bl g o
V@dﬁiﬁh% pther rlefﬁﬂrgfg)esmeghnemtm fosagettime pariod.
di oxi de-depl et ed until the bed reaches a preset

[¥Nds M&‘ePeteehN@ Hal 93,5%0 digelosgsn 3 BIPSEyre|swingadsesption process in

vdhﬂ;‘htiéﬂa‘?gcteﬁsﬂﬁ'o‘? the AL f@ﬁ%&iﬁﬁ%ﬁﬂﬁéﬁe%ﬁﬁ%bﬁ@sc&r&ed and
adsorption I's con LN et

coreaive astien espensivejbretataken te eentepl peaduet pusity sFhesastion can be

abfd8thidnt g‘ﬁhgaélﬁ(yﬂnt BPpurémg%%s ?g’&l@ %'5 gt Bed t Sontrol the

SW Nng orption proc aracteristic

egient ‘Pfé' eﬁ@'fqr@m In Itm)@ﬂmhf'e@ ﬁmbgd'ma@ﬁimﬁ 5Q@eﬂma|'a§te”3tlc is
iUt ﬁg‘? Horaftratidif éﬁocct.))c}éeurﬁeé érﬁr’ﬂl p‘iﬁiﬂﬂ@\?él‘fﬁrﬁé{;\?d IRsQrk akfRted and

ontrol product pu e ‘action
ﬂwsefﬂ@en%sharastenﬂmeofatﬁe dﬁlﬂfeéﬁiwﬁa’ﬂ@ﬂ efpngedrresidisiia gomgctiya action
aﬁg&ﬁ'?%% gbed to control the extent of regeneration.

e exenpllfled enbodi mrent, the sensed

[ah%ﬁ aUsePét%H ;Qo '§98‘.T eve?lbélMSé‘soﬁ‘QR gferp%hh&ﬁloﬁ%?j aff }H?\lvﬁ‘ich the cycle

tinmes and target values are adju
tiggforgachipt aé ﬁiﬁ’ﬁtad@ﬁ@eéﬁ:'ﬁé:ﬁ)ﬂg@ﬂe@ byra el time” methOd in which

|
aggalnggamq ga{«: ;cg% 8:21 sftéfin %ego?g.se é%ﬁémggéta; E&ﬁd ffon measured
figwyglyes pyerp eade@éempemrqﬁ Rsiod; andair fegdl conditipns, ifer example,
t éi'Q utd) préssale reléﬂl\ié%lfn‘ﬂgltf %Fe‘nﬂﬁllt@rédl ?’@ﬁédl& ,a ma)umum

SOT ers i s control real tinme"™ metho

t%'!l@ﬁ floyde the adserarily @ajcula@wbﬁee%hp%mgtm%tﬁf%@biesé conditions,
tHeSadG4l YR ARG w RARECHMRREd F@ﬁ%gﬁﬁén?&lédléiéﬂ HRhdnRim totalized

over a predetermned tine perio air
ﬂ@‘GrY@IU?l%'ﬁsWhﬁ@ﬁ P&G&*\fﬁmﬂﬁed fﬁ!ﬁ?ﬁ@fm meéequewrr gached, the on-

sfr@élﬁta'd!é@bePlg‘debBLYple@erm'Tﬁ’é‘ hir @éé?.fjand: éﬁ'fdﬂ‘iéii 'a@i%rﬁér |s%ouplgd thereto.

maxi num totalized flowto the adsorber is cal cul at
TB&S’@BI“’QJyS’bﬁYQ'%témﬁ%fﬂrte@p'ééd%@fbeff@&tabéﬁdm rengideratigng variations in

Io%@tdé%anbob@r?g%?g:r?éé?i"\‘a NG LHE up é’éf?%l%ﬂ dceu#aﬁsewhf U adsorber

cal cul at ed X1 numtota I zed ow val ue and a

bpde dErepYDR delai Egagiratimsan be cortralipd: based on@rrf@at&nsucolumn
réd&@e&nal?@aﬁé iRRebad! ﬁe?r'ipg—:‘?étu teSis R0 FG&JP&’%Hé&Pﬁrﬁé}etr@ purge flow can

and anot her adsorber Is couple ereto
be reduced

[0019] US Patent No. 6,277,174 discloses a PSA process in which the maximum feed
pressure to each of at least two beds is monitored during adsorption and the minimum
evacuation pressure from each said bed is monitored during desorption, and individual
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The control of cycle times for each adsorber also
takes into consideration: variations in |oad demand,
purge to air feed ratio and upsets which occur on
switching of adsorber beds. The purge to air feed
ratio can be controlled, based on air flow and col um
recovery, and also if the bed tenperature is high,
Ealgqrinésar‘eraltémfhm alagcle Yh &ecérhwmm thdndiitor&siptesslires, to
US Patent No 174 di scl oses a PSA process
CPWWM PWE 1@ Aad hehwern he @%‘&5 togﬁ?‘%@@lﬁk%“@%’ lyCoPRtagt P’&PSU“‘" ratio.
Pup@iSind $RerRB SRuhiizalon blep tifbsEahiHAh ] RldcebraaRes Wik the
mni mum evacuation pressure fromeach said bed is
Wﬁﬁﬁpfeﬁ‘r@ﬂSWS ng desorption, and individual -6 step
times are altered wwthin a cycle, in accordance with

[9020] bt F@te@HNaf%é%ﬂ%d!St:IesesC'aﬁtnuat'ca*Ipawéa@as@ﬁv&h as air,
cBRIMARY cdrbéh BBdi8e taﬁd)aawaie?w 22T S BFdc¥ss PNMi@NAt least one energy

pressure ratio. Purge and oOverlap equalization ste
parameefe §hossd e U!ﬁtf@i!" fate aklbe reganeratigngasentering and/or leaving an

a@?&bbp "tr@dtﬂﬁﬁ&?&rtﬁé reg%n[‘e%ﬁktéﬂ%n%ih& %géN@rati@n @ﬁp&@ﬁlre of the

di scl osest epurlflcatlono gas such
regANEEATIONGgS CalasHY thR assaHkeraR oBirolRsk Bodiipd andignréguiated

dBR&?cﬁﬁ@oh At I\é@éﬁfhe%etﬁﬁ?%oﬁﬂlﬁoﬁ BRISEN frodRthdPré&ure of the gas to be

osen fromthe flowra regener ati on

periied emgringhandier lpadng the asisorbeadbe ew ratﬁrﬁ)étfmﬂaétgtp@ﬁ Ryyrified
eh{b‘i"l nﬁ %68)?9? fe%Mnﬁ heé beHBad tﬁeh@mb@%ﬂ‘@ TRt e%hsttﬁ HeGiurtied ntering

eneration gas entering t he adsorber, i s

tf&aﬁsomr@@ theaentertof AReurities ceglaingddn thepgasdp Saduriiedantering the
adborb8Aad @étfenaf?@rcﬁatthé Q'Iéi"ﬁlafjﬂ)lbh@rbf W frf)hPéUtbuh%/y the adsorber at

pressure of UI‘I enterin

thesend @tg'egweeramb gl%rsferahlh adsarplien latcen@fct%@ cglssbeadvm'ét another

beduhbb@Bes RiYeRbfdign.and/ or | eaving the adsorber, the
tenperature of the gas to be purified entering the

(66519 R PaRdt b Q%‘Q@f‘&s@lﬁséé‘ﬁérddkbr%ﬁoﬁ Smrélbﬂsﬁd tdtbon dioxide
the ?ﬁﬂs to be purified entering the adsorber and

fraBp 1RGO RS HING AL NE BRI FAING,RESONPIONGT0gaRE HhIChiong,r more
p@#ﬁrﬁé’térs%lahﬁ@t@lﬂé YWRE comtent of &B%eﬁf‘é’asoifs dbféiﬂﬂ%@iﬂe@ﬂy or

Pref erab %@a sorption is conducted Tnh_one bed whi
ingdirgetheand @dﬁﬂ@éﬂb'é és@qr@gaé% HEing sﬁndw@pﬂsemsn ;saldeqﬁrameter(s).

Tihe fe&j é@ﬁp&%e@r?? L&$66 n{eléguu%@%%fmdo%ly@r (ﬁéalﬁ%@ch as hourly

car bon  di oxi d roma gas using ermal Swi ng
OhHaibr3d t6A %FW'WW@’GR”‘@I&@W? “i'ﬁﬂ*f@d 'Béﬁ?mﬁ%psthe
mMctsttddWhta 0 the water content of the feed gas is

determned directly or 20 indirectly and the adsorbent

[0622] ew\%r@ftrﬁé%efpﬁbﬂﬂn pRICEESdsPETMR DS AlioRTatiS @bﬁl:rol of the swing
par aneter (s par aneter(s) can

aﬁ'ﬁ%’ﬁ’t&?@ﬂ“@@ 14 Pﬂﬁ'@@% tlw%%ﬁgewrémn 9f WOB?’PSQ R be
cﬁérgj&i toYnaBl cémBlefidl Bife %%oﬁl:@ﬁérﬁ%@é&bﬂér?ﬂ@%adrpétﬁaam bed to be
rg|§)la(|:cafdI gnqstlrenarrﬁ \?wst ?ﬁesggggergpe% berélE a}ts lg ra(rel object of the present invention to
provide such control so that the system can be operated under optimal conditions for the
normal concentration of adsorbate in the feed gas but the regenerated bed made
available for use more quickly than normal to accommodate for a reduced on-stream
time resultant from increased adsorbate concentration above the normal level.
Compared with convention system design providing operation to accommodate the

highest expected adsorbate concentrations, this would permit longer on-stream time for
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[0022] None of these prior art processes permt of
automatic control of the swing 25 adsorption whereby
conpletion time for regeneration of an adsorber bed
can be changed to match conpletion tine for
concurrent adsorption by the on-stream bed to be
replaced on-streamw th the regenerated bed. It is an

n?@iﬁ:bge%lgﬁ ?ﬁmgtg 'btgﬁ@&h)g rByictibh W%ﬁ Stredth Biied8 aetsimodate for higher

S system can be operated under

thgn naraial adaedrate gerceniptionse or sisiden ungxpreter ¢hanoes toadsorbate

ASRRARLE wtRodt i t fred Eb&?dﬁﬁ!léé? dRFLtIBRE th
cgo avrgl a 'tpébl#ct)rﬁ"%@gg?%?% %?Epyet an orma?gto ©
replacamaidiied for a reduced on-stream tinme resultant
fromincreased adsorbate concentrati on above the

normal level. Conpared wth convention system design

provi di ng oper at s@jre SURRATTRARHSE INPENRICIpeSt

expect ed adsorbate concentrations, this would permt

CThehi ' 5 i ' <8 in which one

O e s E P Fraflios 4 opSicBPwiRE SRR HLay i which o

afleprbar letkis in an an-sireamenode) slringwaich arleeivaieds Bgperbed from a feed
gémls'?rﬂﬁnr ﬁ’l?%l%gﬂﬁ M thhﬁe Qﬁétﬂépéas%apeﬁ%ﬁ & t 8Reration

r
out Timfatio Ime required to conple ,
masige dering whaigh d1e adserbedegsisatateistdesedped dropRihebed angsajd beds

BBt od BN Ldiéhhd de@2wherbiing tifRGBAuUBRLHRIE iV ériiFeam
a cyclical 'swng adsorption fproces I'n which one
mafieds Betermisad by thentolal amoust eidheradeerbatedn thafgedapg mixture fed to

L 8 o, 66 Ponor e afRapaeih WiopaaRs fbaure s
mcu’@}@re@rcmrin_g i§aitdoomeitkam mede agd e e requirgd §@ coraglete the on-stream
ngcﬁ% er&Et%d'f:%n‘f’@él@ hﬁﬁﬂofeﬁ%é&ﬁﬁgﬁ; arff it | SR g?rg fhneration mode

nate between said no ein the tin ]
opetating eanditiorcis mpacifies in ikesponse ta ehangesriscraid predistest ime whereby
e el oG R st R R SOBIE e Sk Hetram
maiecent rati on of the adsorbate in the feed gas m xture
is monitored during said on-stream node and the tine _
[9624)i rTie invendomrplsetEovidrs ayplical pwinmatsopier apparatusierronducting

s%@ggéﬁsdsmﬁ%ﬁéﬁg& eriration, and at | Gast one

eration operatiing condition is nodified in

I eSPRR R st voARBERT bbds:sal d predicted tinme whereby
the regeneration node I's conpleted at the same tine as

the @oiRAire eIt oreainiaiing ersleed NETOM-straam mede fienatime
d@iémn%fBX tQt%?ar‘ﬁMGr!\t'aﬁ absGrhhfadn mﬁ%é@bh@ hiRieFEad td ' heltRA during
ducting 20 sald a

conduct sai d process, ppar at us
saighpedss idugng whichgnsstreafbmade adgrpats«£as be adsorbed from a feed gas

mixture passing through the bed, and another bed in a regeneration mode, during which
the adsorbed adsorbate can be desorbed from the bed, and alternating said beds
between said modes; and

a total adsorber sensor for measuring the total amount of the adsorbate in the
feed gas mixture fed to the bed during the on-stream mode, thereby determining the
duration of the on-stream mode;

a concentration monitor for monitoring the concentration of the adsorbate in the
feed gas mixture during said on-stream mode; and
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a control circuit for maintaining one bed in an
on-streamnode for a tine determ ned by total anount
of adsorbate in the feed gas m xture fed to the bed
during said node, during which on-stream node

adsor bate can be adsorbed froma feed gas 25 m xture
passi ng through the bed, and another bed in a

I egergsraédsaBr fé@ﬁfbdldﬁHQ | fidin Whid Thonitoh&y &ﬁ\%@ﬁtbdi@n the time required to

adsor bate can described fromt he bed,
CBF‘P@*?\HM%STE%"H"BQGG bet ween said rmdes and a total

adso rsﬁféfco‘hﬁ'ﬂﬁﬁlrcuft ﬁ{odﬂﬁﬁﬁ '4f lcB 8t éﬂiaereb@ﬁé}btacﬁfEHHgé o@érahﬁ?condltlon

adsorbate in the &‘as m xture fed to
inipspaRse REhanges lnéamfe @tedttmﬁ\eweaxétf@rrﬁgen&wgthmeod%

cHHpRISPR 16 ShIE il & $BRBhERARK ofkshEARAASd! | On

nmonitor for nonitoring the concentration of the
adsor bat e |n the feed gas mxture during said

on-stream node; and -8 a processor for predictin

f rom saﬁslalamﬁ@ﬁb%ﬂ@me&%%nvwa dF TlE wﬁi
npl ete the on-stream node, said contr ol CIrCUIt

[Qﬁiﬁ]f )ﬁ'gﬂﬁe dtis pshatt shewing é"g%Yﬁé'laHPF #rambigat Q%%‘?%@'Pﬁge

coAEEHatioNat AMAK PRRRREL alr @eﬁé‘fﬁﬂﬂ?é‘mli & W@hﬁ @K@i@hﬁtj fé penod 20th
time whereby the regeneration node is conpl eted at

tQﬁ%fdsNQV@”tqeﬁgo% the concurrent on-stream node. BRIEF

DESCRI PTI ON OF SEVERAL VI EW8 OF THE DRAW NGS [0025]
[W?@J. r £igure & iga chait shawipgithr,variationy iy arabieatcarborudiprida

céﬁéé’h@rﬁtl&# aarfiRir P%H?ﬁt?'s‘“hﬁ §ébé?ﬁt|éﬂ urdfatAsie oPGeslH QUﬁ duﬁhd the period
aration unit _at Wgan, during the peri od 20t h

41"0 o h Seplemasy eRder 2005. [0026] Figure 2 is a chart

show ng the variation in anbient carbon dioxide .
[QQ%1d e IGUR Bdha SENematically ranirredtation of a frophandypiegHrifigatipn unit for a

?ogbﬁﬂ: %lr%fegﬁaﬂbﬁ] unitiisily TSR P Bed i ARBrdahbd witA tl$é Present
ept enb 0027] "Figure 3 is a schemati call e/f
or

"}V@BP%E{FQPV% ﬁa'@P" Sipgdsandewateptrerp dhe faed i tg e wii
a 15 cryogenic air separation unit using TSA operated
i n accordance with the present i nventi on to renove

car bon di oxi de_and water from¢t feed air
unit. DETAI LEBEHALER PrSERIOH FFMTEMW%N ?}%28] The

i nvention OV|des contro] of, a
(BT e ot et Rrdos FaTobg! @ Seing adbeiip system so that the
s?ﬁémeﬁaﬁtbelﬁp&éte? Dhﬁ%iﬁiptlgﬁr goriditims férQhe nbendl @bﬁ@éntratlon of
on of adsorbate in

con ent.r f eed
SOTBR B i 1900 855 RLIDG reganara!ad b macs AYBIRDI I LRe grore quickl
tﬁahrﬂﬁbrﬁfal 1Bl ccbMnR7IAR TEPE déucka onastrieBMUTRS! reditait fdRMIncreased

adsggatreecsolrjllcér?tpattlon agg\]ré t?'l%rn%rmaldlevel This is achieved by continuous or
continual determination of adsorbate concentration of the feed gas, calculating from the
resultant data an estimate of the on-stream time that will be achieved and automatically
varying the purge flow or other operational parameter for the bed being regenerated so
that it will have reached the required level of regeneration when the on-stream bed is
saturated. Thus the purge flow rate used for normal operation can be reduced to match
the normal on-stream time thereby reducing, compared with a conventional designed
system, the amount of purge gas required and alsc the pressure drop through the bed on
regeneration. This permits the minimum amount of purge gas is used at all times
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adsorbate concentrati on above the normal |evel. This
i s achieved by continuous or continual determ nation
of adsorbate concentration of the feed gas,
calculating fromthe 25 resultant data an estimte of
the on-streamtinme that will be achieved and
automatically varying the purge flow or other

IR AcB oA o b Edsne Bl prithEprRBEra IR JHFHTE Phcbitied oyccal
swingeatsogttion pradess int Which ong adsmberbmﬂ i6 $n as an-streamdnode, during

ERucal B3 abiBY ol £ B Ay BB BRI A e
anetthec adsprbardgdas imca m:cgeheratiom moela} dwingl whiesihgrasidobed adsorbate is
SBHEbETN e BB Al B Btln P Bl et e ume
rcgquireﬂttc_s cdnrhglegé ﬂniezmzetmnnﬁmbd@fs qnmrglmnegjaby the totabal?amnta:lf the
2bhfBRo R Bk ot 891 e ik e BRETE, ¥ ccigBpgyation o
ttadadaodbdte in medeezsgasj mixiire cshmonitored! doriraesaid ed-streammade and the
tfip bR e e APt B Ri B ot RN RGiRY
cencentratiors Ghdrab &vasbere iegeneratiorl a'@ee epetatmgl condition id madified in
Ao i 5eiBas KL ALRIREL G haered PEIRERRBIBTHoM8 o compets
atihersane tirhe aé theeconcagentropestteancmopiéet e t he on-stream

node i s determ ned by the total amount of the
[en803r iExteptifor thbendreedingatsicinihet ar-slrdaptlandragesetadion times are

oEARE R sk Ep GBI Mt eI 5 B orviona

nEmnet.r eam node and the tinme required to conplete the
on-stream node predicted fromsaid nonitored 10
(@021 et B prefemed amtiodimeang alsére dsa nrisigranetime farcomptition of the on-

sg Egﬁgiéd&é:sggd abnﬁ’%abizioggg#tﬁx}gg \%@}e agx)%%{?)%gesﬁ tﬁé) feed gas mixture
and gmwmedmtmlmﬂn complation charegbs onty winn thameortitorad acentration
ekgeergé%'a?d%gt RF‘?{@ agﬁﬁgﬁ ffmgde%leé& g’l%? Qigeeﬁécﬁgfétd a1 rﬁrﬂ{ e)%%gds said
n@nienunntine h wuailm theatitomwohcentratidn nibenthedighest cadestration
PR s B Y e B B3,
thencgsieadf iadsorption hfa:algmn %gg?%gtogdldﬁd tbﬁge?l:gij'agg dtrlnm:} cl:Jc:ngentration
sgﬁagﬁfﬁtée{b%ijgg(?bcﬁ t t iemael for conpletion changgS only

98523 S cBRER A0 L BB ZRHERIS G e ST BY BBt in ne
fepdcgasdnixbuae dpRteam of theontstieam adsoeddr ped ahd/od it thenon-stream

<ERRLRIG L0 alpr bl e RS oS NGET S bt mave

adplstrmms;to the melgenecation déodltieusawpdarethel measunamentse mafle upstream of
R SOURdr MRl 28 B W S0 fAPEH Rfblobs LB e if tne
measurement is made in the bed. The closer the measurement is made to the bed
outlet, the more accurate estimation of the on-stream time will be possible, but the ability
to make this estimation can only begin after the adsorbate front has moved through the
bed to the measuring position. As a result, there is a time lag before the regeneration
conditions can be adjusted controller can start working, which means that the

-10-
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suitably is about 400 ppm [0032] The concentration of
OZE@? orbate can be nonitored by neasurenent in the

eed gas m xture upstream of the on-stream adsor ber
bed and/or in the on-stream adsorber bed. It will be
appreci ated that there is nore tinme avail able to nake
adjustnents to the regeneration conditions when the
ré@%@tﬂti@ﬂ%ﬁﬁd:ﬁ&wﬂﬁgf b& Eﬁﬁ-ﬁﬁﬁ’fﬁhpfl\neéﬁ?‘erﬁéﬁé’ ER%be ARfdiett more than
that the estimated on-line tine wl | ess accurate
opgiaeatign.t he neasurement is nmade in the bed. The
cl oser the measurenent is made to the bed 30 outle

[9033] Suitabiy.dhe sutetconcenitation obadsorkate s eased i crrﬂer to verify that
VY &dtinPRed 8- 8trBAR ftmtéLi% chiéct %hb'thé%ds&n%af@‘?ﬁe hb e°x|t|ng the adsorbent

estimation can onl egin arter the adsorbate front

bR THiSVRRRSUFTRRTY 172b Be Uspa i tesd brREK fashe VN SGaRJITe Eglimator
sOfware HRithike éd?l%ﬁoﬁssto@tsb'réﬂ%ctt) g, before the

regeneration conditions can be adjusted controller

[60¥2] S TTRE lat WAEKOMEre tg%‘ér‘éhomﬂé ob@r%ﬁmﬁ ESnd‘ tid?t Aédifi€d IHFBsponse to

re eneratlon condi 1 ons may sub - 0p
nPe ifbadsorbats cpecanigionearbe @quahrat%@rdour@ﬁ; gas ang/or the

tr9;9e""r§ﬂ Hg‘/’tﬁt tdgehe=B05 REAH tthé'fde‘rsﬁ.d&%Bﬁéﬁ f th
Glis rregg%?fegé?én%oar er ?%é\!/%r?fy ﬁ@é n@: he esti nat ed ng otthe
P&A eycledime tg @ain capacyr ect and that adsor bat es are not
emhg& t he adsorbent 5 bed. This neasurenent can be

heregiiihg devention wildbeiesstipecbrlow a appligdhia FSA systems
B0 W05 Bod 1 1SBKR eSS b bNBF aliSrbich BERY! Gideely PSA, TEPSA &

1 The | east one regeneratlon rrode op eratin
stanesm aﬁﬁd@rfarycpresﬁur% rinRaratuges, ﬁﬁ%orewaﬁged fagsorbates. It can

b@%ﬁféﬁb%&ﬁﬁl& %B&é @ith %Itﬁé‘féé@s td‘rSdtfdt@&hd n@fatn@# fi8fs. The

8as and/ or the enper at ure of that gas and/or th
ageqyphien md%ﬁah@mtalngwltlm afiggrbamiAayers andhean- ﬁ{f%ﬂ tipggan be

c&&rd?l@& sBYRatRakh EHftSrBat@'CHo& pBﬁQﬂQh tl')é febd gﬁ?l:ar?\bé 'PétHﬂan W|th|n its

the i nvention Wl descri bed bel ow
OWBRrg%p@%GCtW&‘VI"i‘I gattigelap drjene pmbpdiment Q'Stee én\@at'% lﬂﬂere are two

oPhidRs a 9&&9& Inotﬂe fad G5 miRARE, Cthé"tl ré’éﬁved-ﬁg%%pt%te heon-stream

syst ems @'¥ pressur es, tenperat ures,
nlﬂﬂj@(ﬁ gel f@'nﬁﬁ @yﬂlﬁ:‘, 3l ameynt pliwp &5 Mase Obﬁbﬁlqdé@m?@s in the feed gas

mikUfd Bl %o {?\%do%d"ﬁdnhg '&Hdt rh@di@ tﬁ@@&ﬁenﬁéﬁ?ﬁl@% Said rH?Jsorbat&zs in the

regenerat | on 5 adsor pti on beds_may contain
9asgnixtuse| g@?ﬂ'@'ﬁtngl ta§ §?'§ ofriregALlime ake Mepitgred duringgaid on-

sﬁ@am it Hd 186 tiffe r’eaﬁﬁeoet%%nﬁ%i@ FHRAS R sIF MR AR fprédictb& ¢rom said

feed gas can be retained wthin its own prede
mosgeresiconcentplipns. Amdat leashormegeneratiohEede eperatiag condition is

rﬂcﬂﬁf%ﬁtlh %poﬁ@foech%hﬁeé W Saidprebiefed tﬁ‘ﬁ’é%@r@b?%té tégbﬁ‘@ratnon mode
gas m xture tine required to conplete

'W’%ﬂ'?’@ﬂlﬁt thecraeng timelas EFANELITBNt AMEraam mOdﬁfmunt of

or_nore of the adsorbatesmthefeed?s .
[0036] The invention has particular application to the removal of carbon dioxide from

air or other carbon dioxide containing gas such as natural gas or synthetic gas (syngas)
especially in a front-end prepurification unit for a cryogenic air separation unit providing
at least an oxygen and/or nitrogen product stream.

[0037] When used to remove carbon dioxide from air, the air suitably is treated by
contacting with an adsorbent in a first zone so as to remove water prior to removal of
carbon dioxide in a second zone suitably on a second adsorbent. Suitable adsorbents
include alumina, silica gel, activated alumina, impregnated alumina, and molecular
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20 m xture fed to the bed during said node, the
concentrations of said adsorbates in the feed gas

m xture determning the said on-streamtinme are
nonitored during said on- stream node and the tine
required to conplete the on-stream node predicted from
said nonitored concentrations, and at |east one

Sieva8Y6F akdrffle TR amwewgecme%d ITheOvatéSadsRstint matkriaNpreferably
response to changes in said predicted tinme mhereb

t he
ig glliehes! a@thﬁteﬁ@aémgs, impregsnadealaming or@umigg aad rhwrasn dioxide
ddasmeﬁmarer.smreerabw rseaambréedrar sr[a@é)ﬁﬁbxa—rhﬁle' a\tearte Ofthe zeolite

has particul ar application he renpva car bon
eAYRE e@wdrqrrhlncéﬂrlpssan%pw&ra@ar%@vlltﬁ B34 deore @rﬁfarahlyrrgnderless
Z8fesd&h as natural gas or synthetic gas (syngas)
especially in a front-end prepurification unit for a

[Gﬁmgqfrb@ré’dlﬁ tﬁ@ﬂrﬁfa@hb@&b&ﬁl‘ dndRiafydrckifEde éélsdrSérﬁfar@Erranged ina
xygen and/or nitrogen product stream 30 37]

cQERISKLFG Wk theearbRIndiaN R AdEorbeT HoMNEtream ot hawater sosorbent
aﬁHbﬁ@Pééba'réte‘bb&@Frﬂ? HRYem@AGHcAEliddi@dM t h an adsor bent

first zone so"as to renove water prlor to renoval

[9639} c Qﬁ Rors A1 gr‘bééése the¥edd §§§ Qs”élutéﬁl?%@tﬂ thd *ﬁh¥orﬁﬁorﬁstep ata

second adsor bent Sui tab adsorbénts 1nclud

temperatiie ob150; te $0xe rnd atefer\abwwmaﬁqrﬁ, ﬁépeqraﬂwﬂ@gtﬁaﬁoe"@ Suitably the

f |
A e oy s 4 By
Qo7 @f%h@@l and dasirgbly Odhtogled MRe: tPreterakly,dhe regeaeration gas comprises

B B T o S IF AR e Mg gas

sygamdram an airsepanation urnltewmblls der andiefeelns cadgndliewide. The

SRS A1 S8 e o i

températua®) sujtabl @t adereperatise Dbﬁhto 400 G; prefenabtyi frooh 68 to 240 °C.

SR PR BrRbh BRPETn B ETRER AP PRl Q058 1 wea. wis
aue@albedasrraubttrhmmmwegepanaﬂom ptesdgrerdoegs inet exgeled BOperdent of the

sur Pregﬁfthé?e?e%g% I na TSA process, the feed gas is

% he adsorption step at a 10

er :
c.\@r%%ﬁwnﬁ%@% Bti0P Al rdfoRplebalty  fl Befgpuise
CDBeehtrgaal swingadsosption tteatmémanf feadsfietoan air SeparatondiniiPhe
p@&ﬁe@f)?@c%@%r%me?g{& aldadsMRatRMOrdigey s ably 0.2 to 1.5
a. ererabnly, reg eneratlon gas conprises a gas
recycled froma dovvnstream process, for exanple a
nitrogen-rich waste gas streamfroman air separation
unit which is dry and free piggaybon dioxide. The 15
regeneration of the adsorbemnt 15 carried out at a

terrperature above the bed ad$refgriediRancenyidesiviaferred range
suit t rature of 50 400 C, prefg
PR 5@8 (Y 39154 6 8P) %

from Sui tably, the regeneratr on pressure

i s OAipFeed Temppraterad preferably Bt®@80to 1 MPa. 1010 3G
Feed CO; (ppm) 100 to 10000 300 to 1000
Purge Pressure (MPa) 003103 O0itod
Cold Purge Temperature (2C) 510 80 10 t0 40
Hot Purge Temperature (°C) 50 to 300 65 to 240

(not applicable for PSA operation)
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especially desirable that the regenerati on pressure
does not exceed 50 percent of the pressure of the
feed gas. 20 [0040] When renovi ng carbon di oxi de and
water fromfeed air in an otherwi se conventional
swi ng adsorption treatnent of feed air to an air
separation unit, the preferred process paraneters are
[9@41ﬁetAcfcefoH§; foh S62Bh& a ec-{ﬁﬁlhg é?ar ?fn%ﬁtﬁfﬁ ﬁ%ﬁ‘@% Hed an air
erred range Feed ressure to

sgpg afipn prsess fﬂeﬂfhlfé’r at @r@nmrweem Q(Dn&l@ awompés@@omzorowde

lical
069%@3339%trb@ao%&pggxﬁg%oltegwojsgggmn%ﬁggr %}EH%@ b@'\f@ﬁ: ical swing
ageorption pragess Indvhmuargeeadmm’@dus 9 qro@)-stegane mqgigodtwg which
%g)g?-”cfi)ox'&éé“@t aqebikd 7R fie'cd 8%%%98 Eﬁﬁ@bl’d?/ﬁ)e a?éarbc"rr? dioxide-freed air

ccor |ng to a second aspect

feetl, wile enothenadseryes qgﬂcﬁ/imm@ganerah@n rr@épatﬂtamldmlch the carbon
dﬂfx%%%eé&biﬁ@\‘rﬁ& tAb e&sarfboégiﬁ te'rﬁht@b e%naégfd modes; and the

conpr ess_,or rovi npressea ailr,
casmne:tmm:lfreed)ar feed is tﬁdrjo @@wds@aratlpy ualt Q/nnowwalat iaash@pe

pRORRE B eﬁl(rjﬂfeﬁaﬁ al cBm\ﬁ@hgrq df @*?ec H g&{ Bl‘gﬁig%?%eeh isagifé‘ecﬂ Wherein

on- SE ream no
thaitive b@qumedd@rr:omeletmﬂﬁpm@ﬁ@armﬁnode & qeterwiinkd by thartetahamount of

tﬁé eé?bgﬁ diokie % ﬂ'le fco mfgs&egm ke ff\m%ﬁ?{tlﬁﬁ% ﬁ'regﬁrb&?&oklae in the

regener at |
campkeased ay Is:lmmtmd dﬂnmalﬂ entstfeamanoldesandjtrbéw required to

IRt HeCorRSRE hopd' JHQ f ma'.-l.ﬁ‘ijd ﬁ%ﬁltorgﬁﬁgﬁébntrahon and at least
Gt te4 thop pfpdided fign

|defree an-alr sep
ongiregenerglicovineiie @neratmsqondmlen ISplmodIUeql lrsnesn@rmeetn chm in said
. | -
L T L
conclarant onstreamimeae. by t he total anobunt of the carbon
di oxide in the conpressed air, the concentration of
[6042] c 4n Bo fardisdheydareiralevarg to aisispparation) adliof thesaliepatives aad

pﬂ%’fﬁ?pelﬁ oS &bﬁhs‘%@d %B{n?é‘iﬁ‘ %ﬂﬂ%ct%ﬂ %fhhtﬁ? ‘hbs‘?‘fisﬁe%‘ﬂ Hgﬁlg % i second

e on-stream no redic
aspentt ored concentration, and at |east one

regenerati on node operati n& condition is nmodified in .
[0Q43) o fivsonding:tnanthisd aspect af e Xsegant inventian, theneismeyided cyclical

w@ 4 i oﬁjgﬁp ﬁh?&g@ﬁcﬁe@%@%& Broclsdbr the first 38Fedt! d8d &Sparatus
comprising:

at least two adsorber beds;

a control circuit for maintaining one bed in an on-stream mode for a time
determined by total amount of adsorbate in the feed gas mixture fed to the bed during
said mode, during which on-stream mode adsorbate can be adsorbed from a feed gas
mixture passing through the bed, and another bed in a regeneration mode, during which
the adsorbed adsorbate can be desorbed from the bed, and alternating said beds
between said modes; and

a total adsorber sensor for measuring the total amount of the adsorbate in the
feed gas mixture fed to the bed during the on-stream mode, thereby determining the
duration of the on-stream mode;
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[0042] In so far as they are relevant to air
separation, all of the alternatives and preferences
di scussed above in connection with the first aspect
apply to the second aspect. 20 [0043] According to a
third aspect of the present invention, there is
provided cyclical sw ng adsorption apparatus for

condtaCddneSntaatah PRSI R n‘t&hﬂofﬂng’ Bk coRtéffatios of the adsorbate in the
ap ar at us npri si ng | east two adsorber beds; a

asgnixtre é’HT"ﬂg said OHﬁF’ﬁ@@l’m’qﬁg 8He bed in an

on- sty RFRIEBERY EFHdlcﬁinglfP@n 2BiddRéored\@shcBitratRihathe time required to
anmount” of adsorbate in the feed gas m xture fed to the

cpewlede therRi-steeamimedBe, duri ng whi ch on- stream node

adsorshRf @nEdiciRait ﬂfbﬁf{uh&@t feaSiBri rfe@@ﬁ’erﬂﬂ’cﬁ'l mBb& bpérditing condition
passi ng through the d, and another bed in a

i} EgeARSeLiCHANGRIE samrawgeﬂﬂmwh@mv Hiesegeraration mode is
ﬁ’w?@t&ﬂéﬁh@ §Qmaqnﬂée§§fh€%nédr%ﬁt bharkas, m@dlad

ernating said bet ween sai d nodes; and 30 a
(604431 Sitably B¢ taletaisories SORROE 4L PGB M@htsatdagonaﬁmpn monitor.

of the adsorbate in the feed gas mxture fed to

[PR45] 0 I Ba farasdhenaretrelexant o aeparﬁh@rseyytueﬁ;@a Okt aifgrrtaﬁ'ées and
p?éfé%hb@@d@&ustsaé aBBvSi RARLAIRA Swith-the fifst AS5ECE abwfté 2 third aspect.

nmonitor for nonitoring the concentration of
Fo g@r@@pethp fopeRntratiaR fpog\ggr GaNdpeasare the qq@cg@;rqjlon of the adsorbent

u?fh'e%éc?éﬁg dGre Wpafledin Rf fHeis@fedhPhddUrSéH teldl d?ﬂl/orflﬁ & on-stream
sald nonitored concentration, the tinme required t

agdeprbpebed; tt%c%ﬁméslr%rﬁaﬁ@a@trolsh%ﬂm rRie Apeier te&mn%ﬁwe of purge
gﬁgdérfd/th@ Qpphrat RARbrefitly KROKRAEAtHAMaRARg A8ESrBlidrSD Ci)aratus.

condition in response to changes in said predicte

[Mm vikebRiMNg tb*hefoﬁﬁﬂ 8553k ithe vEREEh provideLaR bﬁ’tseﬁ?rﬁﬁon isystem for

sane tine as the concurrent on-stream node
CSGWC&BQ W, p"?‘F@Sta&F@p'"Sd@ Hiereacond BRCtCOMPESIAGN wit h
sai d concentration nonitor. 0045] In so far as they
are NIRRT COMPragncatupQ¥idecpipieRsed alll | of the

al t eraﬂ%khdé%wﬁ‘ﬁ%ds&n%tl@ﬁ apFaratiEas afdcrdatiasst-ahe srd dbpect to
connectiion wt firs asgect apply to the third

Pravide-a carbgp dioxidedreed qipise ntration monitor can

Meas it StHafalion et fedeParafihg 5810 cafsr dieide-freéd hiffeed to provide
feed gas m xture upstream of the on-stream adsor ber

abk?@sh?ﬂﬁ RyPdyGE Sfrﬁémcﬁ’ﬁ‘f igheding cHpRAnehEinerR; the control
circuit can control the flow rate and/ or tenperature
ur gas; _and the apparatus preferabl
[e%?f) Rblerrig {HEOUS3. RS adenuptied s fap fad g@u{a" E@HP@@a@](MAC) 1,
if\GARA G i BofPredséPHRA fhease@fd a cbdler 2 5y 881d EhdehsY htieast some of
an air separation S?/St em f
the water vapor from the cooled compressed air. The compressed cooled airis fedto a
separator 3, which acts to remove water droplets from the feed. The separator is
connected to an inlet 4, in which the fiow path divides into two paths 5, 6, having inlet
control valves 7, 8 respectively. Downstream of the control valves 7, 8, the inlet paths 5,
6 are bridged by a vent 9, containing vent valves 10, 11. A silencer 12 is connected to
the vent 9. Adsorption vessels 13, 14 are connected respectively to the inlet paths 5, 6
downstream of the vent 9. Each vessel 13, 14 contains an adsorbent bed containing two
adsorbents 15, 16 and 15', 16' respectively. The upstream portion 15, 15' of the

adsorbent beds contain an adsorbent for removing water, for example activated alumina
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conducting a process according to the second aspect
conprising: a main air conpressor to provide
conpressed air; a cyclical sw ng adsorption apparatus
in accordance with the third aspect to provide a
carbon di oxide-freed air feed, and 20 an air
separation unit for separating said carbon

of! hﬁgﬁﬂéﬁ AUrfiRe afl thd @(ﬁgndsfn%aﬁf ;SBH|61191 6,316 bﬁﬁgtad&%tuin beds] contains

uct stream enri onent t r eof
amréﬁm fngthedempgalpécaboaudloxm mep@mpleuzeéﬂlties Quilgt pahg 17, 18 are

cﬂﬁhébté’d fo ﬁ%éi@é@%n? @13 14d I’V&%%’ﬁtléttcdnﬁol valves 19, 20. The

nmpresse to a co 0 er 2 so
S@@ar@tﬂw@éleapam 42t 18jgiredayistream; of dhenegriol V%l]!ﬁ‘ﬁ 19 26hiP Previde a
ﬁ'\gjgé &HIe?QWh?c‘ﬁsﬁﬂa@g is c\:ﬁ;ﬁi‘l@ﬁt‘ée rf@ﬂ@ﬁﬁﬁféaﬁpeﬂo‘égsﬁ‘lq apparatus for
t a separa or |1 C acts to renobve wat e
edamplesa eyogesme ain eepasaior (o shewmalipstreaingf thereutitet central walves 19,

. f 1 1 1 P
Zggie%gh{étt pét’hsh‘tgv‘f\ﬁ %lﬁ-?brlicg%%d ﬂggér’]‘@@'g% B\E}g rnxég?%?t’ﬂegﬁrfagb‘ﬁ@ntammg
pummcomypwal\[a@ms 24 e Afudiertiggingine @6 upairean from tBe purge gas
iﬁl 2 A5EEoMEhES @n rol@aﬂff?dor i dged by a vent 9,

alning vent va ves 11. A silencer 12 is

[Gd)ﬁﬁeelth%g) g4k ihlag 2y i n%ect’%ﬂ?ﬁ Eﬁrtgb%s‘fé‘ébsﬁf §Ig ]aa})ea:lé 28 or

are conn respectlv to t nl¥et
bmam‘»dtneé’&n Caintrlomalwﬂo $1 aeaerowi@gst@ |0011tsol therfiavs andypat of the

AR TPl o AaBly s Betcltd o ) ceiishogm ords S
aphéfattﬁdgdbb@nﬂetk%ds contain an adsorbent for renoving

wat er, for exanple activated alumna -14 or nodified
[@Mﬁh reflem aontraietdRiisarevided wdhe puigegzs faesl 2o mpasure and control

a f {
Bf ih@EJX P%dgcas?tg?ﬁglﬂfib? 22! q?g (;I?WHonfr%Jer Sﬁereééﬁ%vé‘éc%rﬂfol signal
frpal ap@ceasmr&!écwb@h W\edﬁsralwg eempiral @tgnaletggaemeai gequencand for
it
PR oS, ey S i BES R e
d@amsf@@anl of thgosep@rapmr reddes mpyt leghe pmgessar 33 propartional to the
catichad &8&9&%@{# oI SIS if BAMPIHR RSP beds

appar at us or exanpl e a cryogenic alr separator (not

étf]mg)ln us®sdifie %%?Fes&@@mq% NG ‘igiﬁﬁrtﬁ’én ealt B bRt 4 vitlthe cooler

ut | et are brid

2 andeqepgaatortﬁéndapwge threugheng Gign-siseary eV%§|) @gmergtw adsorbent
geééfﬁ% 23 intde dcﬁvﬁéﬂfebﬁfa.r&w gtﬁwoinbnsds%%ém %és%’f‘ rrbff-stream

romt ne pur ge al so contains a control
vease\weresz@veqwrpgcasjrormelepaz yhichdlowsrin the anposite direction to the flow

o@gﬁﬂﬁﬁgqgttagig,%&?v&%g feed 27 via a heater 28 or

bypass |1 ne Cbntro val ves 30, 31 are provided to

[665Y " AWitrt Nash %@Eﬁe&lﬁtﬁr Pisskb %roggﬁ SferBiive 7 RPvdR4bOm and

gas suitably 1s obtained fromthe stream
tlpfp@@'@@@@mgalv%%m@@ wstletedd oy deowmstesamparocessingy | Vaive 8 ésglosed as

RSO V&ds 33?4 IsScuPPfPYrbﬁﬁﬁe laft 1648 PANEE28123, b8SS6, 1 ahQ 11 are all
neasure and contro
closed. To commence regeneration of the bed in adsorption vessel 14, valve 11 is
opened to depressurize the vessel 14 and valve 24 is opened to allow a flow of purge
gas to pass through adsorption vessel 14. The purge gas typically will be a flow of dry,
carbon dioxide-free nitrogen obtained from a downstream processing unit, for example
the cold box of an air separation unit. The valve 30 is opened to allow purge gas to pass

through the heater 28 and to be heated to, for example, a temperature of 100 °C or more
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15 the flow of the purge gas to the inlet 22. The fl ow
controller 32 receives a control signal froma
processor 33, which provides also a control signal to
a heat sequencer 34 for controlling the heating of

t he purge gas. A carbon di oxi de sensor 35 | ocated
downstream of the separator 3 provides input to the

Fibr%‘?)%%élh? fhto Qééb%PH b%@'re&&reﬁh@mPééitﬁenAg 'thQ@e gas passes
concentration in the cleaned air fo the adsorber

i thQO’QF%QG]Cafh@”@@“d%'isrdeﬁ@fb@g #PF chasl wane pagsegicroygh the
a@é&bér‘ﬁ%df@ Aﬂhé ﬁ%pioﬁh&fe tne/! 'f@r afpROL fﬁ'é he%t #B¢e passes into

separ at or passes t roug one ("on-streamn

b@@§§eh’§|v%f30ﬂ31@0$eﬂoa%%\f%h$ oppaed 89 hejpirga gas i nohbeated and
?%ﬁﬁlﬁqm dePfd éﬁ&‘dlsaﬁﬁeé)fh'éﬂea?ﬁﬁ@é RRiRer PG the adsorbent 15"

of f-strea vessel ) recelves purge gas frominl et

[6’0%2!’” eilist ih%"&lfsbfbeh{‘% APRQH kgeﬁér&%ﬂtdyolfs;( Qhd B&Jlfp ¥ gas, by

r in the first adsorption vessel [ 0051

vigiee S its feplusad praseue d@ﬁqu?pH@?é fomthe @agrorbpeint & Y F@Aﬁnd
d%@er}bgr}fé@ﬁ whath@Pthe He3f QE6E hQQSé’ss\éalaﬁ’tS tﬁeqa&s‘brﬁéiﬁ 1 Quhisﬁtby TSA.

downstream processi ng. Val ve is closed
(G Rk k%ﬁ@&%ﬁé é%nb?atlﬁHbeﬁéé vBrvermt.@ 6Io§éd aﬁ@@ﬂve 26 is opened
Valves 20, 23 11 are all | osed. To

e displiase @urug@g@ﬁérpm therbegrin versehid Vavadd de B‘@F@l‘?sﬁéﬁéﬁ to
réﬁl’esé(ﬁhé’ @eés%l h& W|tﬁ Fb‘éﬂﬁ‘éh AiP 9?9& Qé%bﬁ %Io%B@ aM8989bs 84nd 20 are

and val ve IS ened to allow a_flow of purge 30 gas

W@n%\gaerphy M'éﬁjlﬁ" BRpradN-Steess| ThmVGSFﬁH mayh
ré?(a‘h'e%& % %‘i; Hllarbﬁlaﬁnér tQ‘leéJ[Brogééév deseAb&P ALV OwitE el VedSels 13, 14

rogen alned froma omnstreanlproce55|ng unlt
beipg csxatregims depresswizing, FRgeneratiag, rePresswiGaNdetYAINg to on-stream

'P[E,%t,gﬁllm &,aggﬁlcgter A rhtdyrdl | ow purge gas to pass

rough the and to be heated to, for

Hee p@oée%g&eﬂsaééiﬁr?atég frérﬁ%@cél’boﬁﬁfoﬁlde -cbacéHtiaBibn HBta from
passi nt_:{ into vessel 14 at the ui red tenperature

As
Sbrsor 38R lpaseqaada completaie QT aiaAgLslep. ihe astised on-stream
tlﬂiggici)écijeeas% tﬂ@%ﬂfc@@%r%ﬂtr@ls %ﬁ?ﬂoﬁ‘@drﬂrdﬂéﬁt%ﬂﬁcr&é‘é@lﬁgrbu@@ﬂow and

rbent bed the appropriate tine,
optienaly @ealgeqtﬁ'etew@g{atwg@@d@g@@?@r PPgrationsd amf5so th@‘bﬂ\?é‘ea‘ pulse

is3lsdhed %r@ﬁ?ﬁjtr\%ﬂ'ﬂf -MAanebéd qlitkérRMBIRe BEd E&Eﬂe@ﬁﬂ@ﬁér%ﬁhat it is fully
I's not passes I nto the vessel

regesiraied i tt%tmbawrs'@er t hedeed eansitions changaushibaithe
e%ﬁnated[dﬁosﬁl%hnmhé Hcréd%@s QFlét?EHéeﬁfbcééor tedub&PMe purge flow, and

regenerated by TSA, the cool purge g by virtue of
wtl@qll&mwtﬁrrt@wafaéure@@w B§3W59B$fa¥"?’lﬁﬁ'ﬂ‘ﬁe3%%?’!%ﬂ¥

15' by PSA a dependi ng on whet her the heat wave
(9051 Dt PcionirGhrarded Bt Aracessal injesponpeso the carbon dioxide

cbﬂ&'?%u&ﬁ .ntths f@éada.pﬁmbm.eg Q4R B?éamr@urbrpmyoadstre\ém vedsdlht a time

| osed val ve is opened 10 to displace purge
‘”{5‘% “Fﬁ' B?ﬁttﬁﬁ'éseb%ét"l wt%we of the/gaftpleam vessel yndergqing ed

r%&n@?atfoﬁ Arseeplre?.ﬁﬁ Yhé BEd WRRSEEndkt- ré‘bén@ra‘léﬂ 'Jdd@ﬂ h@al.atr will have been
a ve 26 is then 'cl osed and val ves 20 a

dihequighhavessarious 1mplucgt-gr8af@é@emmgw@%fmeqw&em if it can not
Mﬁ%ﬁh tﬂé”héﬁ)bufse%‘athﬂll be delivered. For example, an air separation unit

usually has a feed temperature limit of about 65°C. Conventionally this scenario is
avoided by oversizing the beds so that there is always sufficient time to cool the off-
stream bed before the impurities breakthrough the on-stream bed. However, it is
generally uneconomic to run the beds in this 'worst case scenario’' mode for most of the
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regenerated in a simlar manner to the process
descri bed above, with the vessels 13, 14 being
on-stream depressurizing, regenerating,
repressurizing and returning to on-stream 15
operation in phased cycles of operation. [0054] The
processor 33 estimates fromthe carbon di oxi de

yémrﬁdremddﬁaverfm ahé@ pmsur%&arw eThé ﬁmsémqmemdn
ete the on-stream ste estina

I he
SO TBLTPro e SFERCY By JUBaSUR0 BHeRbAls SnCAalgh o thdeed gas

ehleping Wbsﬁ-@iréaﬂﬁ bk aht PFéua8Sed he resUaat ihfopwatiei® control the purge
opti gonal | e heat er tenperature and/or heater

flewépgne,%gqreq so that the heat pulse 20 is pushed

t hrough the off stream be R é gé and the bed cool ed
qui cker so that it is full M erated intinme to go

m CIThehrh\féhtlor'I il treilf stetle s PNAbrel I vﬁfrﬁlré%?eﬁck&tb théfdllowing
Etﬁf?@@ estimated on-streamtinme increase

55t TIPS Ve IaPLIEN MBS PRATLIARE Geed to be
lial eerbt@nper at ure and/ or heater operational tine,
savi ng energy. [0055] Wthout the control provided by
[0057] PrTepRAESSHCTiT? i§ R‘ﬁ@éﬁ‘@rﬁbéd% fbhﬁecpﬁ.fnh@a’tloﬁldmird@ed d% cryogenic

concentration in the fee ur|

a4 SeRRIHPH UG USIAG a8 ﬁ“sélfrF‘%‘g lﬂ? QQE%‘? ’é{'o% ¥ Cﬁé)"“\ﬂ’%??et ¢f@bout 400

ppRatHEWVEE, dsSrepbitdd anbhhﬁaMl'@rﬂéﬂ% thﬁeri dilﬁlr@fff)gg?;l wms or where
vessel under.goi n S%Sner ation. res

ed
g inlet ipthg ferin apr 0 casgdas R IPTHe HOES Buedias an LNG

ta\mﬁeﬂ CH@ﬁIﬂws'trbteQﬂHi tde feau@emnb@ dcdrba uugﬁae eas wfcﬂéasbh@pldly and
it can not w.thstand t

downst r eam equ }
ATaal 0P io 100EEPRre hes beerreceBiedaaDy Bpman mers bpcal. An

adlsorpfien syfert Rhh bd YeyigHad to/cdpRswith ﬁ@@éicérﬁ:rmﬁ.sawmee purge gas flow
limt of about 65C. nventi onal I this scen

r
regiiedds MyGh giRAter tham tpr oA Inwhieh 95 t409tPPh el a‘?@ %fpﬁﬁ?és present
tﬁﬂwﬁafduc | RiEbrdingke ittis beAsilcidl kerudfthe ag8édrpRan %%ﬂanb Rith Ganlidiionger

urities breakthrough the on-streamb ver, it

°i" IregRHiEre AHgng MesidH y;ea(r ahepihe F?@dk?é’ﬂge’?tﬁt'f’ﬂ 18400 ppm and

thé/h@ibﬁé ORER WIfEA ﬁMe@ pufﬁécb%sff@w BRS bnfindrésse the ﬂwwhen the
due to increased heater gomer and

essure dro
BB ClRAEoUa 6 EEVRICh PEIH AT OPIARIH JELORPTIEL Pesgype drop
sBVingeatithe Ry Ak SorapreSssrpament ration in the feed gas
entering the on-stream bed and processes the resultant
information to control the purge flowto the
of f-stream bed. 5 EXAMPLES [0056] The invention w ||

be illustrated in nore detail wth reference to the
followi ng Exanples, but it should be understood that
the present invention is not deened to be Ilinmted

thereto. [0057] Typical practice is to design beds for
pre-purification of air feed to a cryogenic 10 air
separation unit using an assumed inlet concentration
for carbon di oxi de of about 400
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ppm However, as reported above, neasurenents taken
during foggy periods or where the inlet to the main
air conpressor is close to a carbon di oxi de source
such as an LNG termnal, denonstrate that the
concentration of carbon dioxide can increase rapidly
and dramatically. Up to 10000 ppm has been recorded

but - 600ERpRPIE §: TPSA Gy (83 desdibed in BETUEING) 55 t,m?1
can be designe 0 cope wth these conditions butt_ t he

purge gas flow required i265iq6ase eat eNofmRalOneratingGase with
in which only 400 ppm of carbon di oxi de | ReuESEOD. il Peed
the air. Accordingly, it is beneficial torun the —
VaesedDameler 69 em wi t h a nuc¥9P8nger on- st r eanfPPre
V%%éﬁgnn%q_&ptﬁ year when gphg feed concentraghgy is
pm and herefore operate with a | ower purge gas
FepddempatatyglSCY ncrease the f18&% when the 20 carlBeh
F@E&’ﬁré&%uteﬁ a)f | ses. Exanpl esglgel ow are given ofgghe
otential pressure drop saving (and thereby the
€edHiQedBRN) power) -17 Exanpl éO%O TPSA Cycl e (as 400
i Yy US Patent No. 5, , 650) Design Ca
F%%égg?tge gb'gti ng Case with I%?ggced CO in Feed§602
Totad Eeed BloanBeaterkinalyr) 6000 606928essel Tan- Tan LERER h
1 Feed Tenper at (C 18.3 18.3 ed
G Shoaifld %/ggf 0.60.6 Foed I (ppm) 1000 400 Gl
Regeeeratigpmesg 3602 Total %2&d Fl ow Rate (kmot-Bhr)
Stream Tine (h 07 5 Regener ajd
mg’f?ﬁﬁ"az@)/ e e of og%h 0 (kg) S oot 58,
Massof dBXT0X (kg) 22869 228692288&kener ati on TenpA88Pur e

#é%?%ﬁ% ¥%'939"3ﬁ95i(4§d Regeneé(g;i on Flow Rate 1llgph 735

1 ssure op on Feed Step 14.6 14.6 ;kPa)
Reguited RegenasptianFlewdiater at i 01122, 3 6. 17 35
(kmol/hr)

Pressure Drop on Feed Step 14.6 146
(kPa)

Pressure Drop on Regeneration 12.3 6.17
Step (kPa)

Compression Power Required to 321 229
Overcome

Pressure Drops (kW)

[0058] As can be seen from the above data, the present invention provides a power
saving of 92 kW
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Step (kPa) Conpression Power Required to 321 229

Overcone Pressure Drops (kW [0058] As can be seen
fromthe above data, the present invention provides a
power saving of 92 kW5 -18 Table 2 TSA Cycl e Design
Case Normal Operating Case with Reduced CO2 in Feed
Vessel Dianmeter (nm) 2438 2438 Vessel Tan-Tan Length

(nm) 2527 2527 Feed Ten‘ggreag-psgd?@é 35 35 Feed

Pressure (MPa) 0.9 0.9 pPm) 600 400 Feed .
Water (ppm) 6433 6433 TotRgsiandeaser| ow | ting,Gase with
743 743 On-Stream Tinme (hr) 3.94 5 Regepgfaédd00]infsed
(hr) 3.44 4.5 Mass of alum na (kg) 2869 SS O
Vessel Qigimeter MM3703  Regener aBfdh Tenperature (2€$3800
v%@Qel T‘?tﬁ%nrlﬁéi'\ giRe@fier at i on Fbeyy Rate 200 169 2527

knmol / 'hr) PreSsure op on Feed Step 7.93 7.93 kPa)
FPP@J@WQV@#"GF(% Regeneration338.1 15.8 Step (ki)

FeRIRIESD (M,P%wer Required topg9 53 Overcone Prggsure

Dr ops (k 59] As can be seen fromthe above dat a,
Fepd G=dBBM i nvention provi dP0a power 400
Feed Water (ppm) 6433 6433
Total Feed Flow Rate (kmoi/hr) 743 743
On-Stream Time (hr) 3.94 5
Regeneration Time (hr) 3.44 4.5
Mass of alumina (kg) 2869 2869
Mass of 13X (kg) 3703 3703
Regeneration Temperature (2C) 200 200
Required Regeneration Flow Rate 200 169
(kmol/hr)

Pressure Drop on Feed Step 7.93 7.93
(kPa)

Pressure Drop on Regeneration 18.1 15.8
Step (kPa)

Compression Power Required to 59 53

Overcome Pressure Drops (kW)

[0059] As can be seen from the above data, the present invention provides a power
saving of 6 kW

[0060] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.
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saving of 6 kW5 [0060] While the invention has been
described in detail and with reference to specific
exanpl es thereof, it will be apparent to one skilled
in the art that various changes and nodifications can
be made therein wi thout departing fromthe spirit and
scope thereof. -19 CLAIMS 1. A cyclical sw ng
adsorption process in whi chcpaggdsorber bed is in an
on-stream node, during which adsorbate is adsorbed

froma fegdegfsal %Hgtﬁcﬁ‘soﬂﬁiéﬁ ipRgtess i WHiBR ohéad&stBler bed is in an
whi | e anot her adsorber bed is in a regeneration node,

ORWieAY Mpde Kiufing whichagserateis @G’%’PBQ!@"‘! a fegd gss paigture passing
tﬁrbgéﬂsihié%egeﬂmll@%tﬁé‘ dHsBRRES bad fseih %@b&eﬁlﬁ&fi’@ﬁﬂo&@'dﬂmng which the

wherein the tinme required to conplete

aggerbed agsarhalads fesaieedirem ﬁ%bw anHsaid Qﬂdﬁla"ﬁm?ewen said
rﬂd?fésawﬁﬁé’rém% tll'n% rEHﬁrefd%% 1M thel oH- §tr¢=.fa‘|°’r‘i1I nfo‘éeﬁé“@et@ﬁqned by the

during said concent ration of dsor bat e
total araeunt @éﬁ‘eﬁoﬁlﬁa’ﬁ 'Oﬁ@e fegdiggsinmigiueifegie mﬂgb%@-ﬂmﬁrﬁa'd mode,

td EGRENITRIR Ak & rﬁdtg?n ﬁw@%’é& gé% h&ttﬁ@ %Sﬁ@oré@ Buring said on-

on- stream node predi cted froms noni t or ed
streap snedeandihe timedeguiractgoompiate ﬁlzﬁg@hétr%am fedggedicted from said

nstﬁ@bfgd' dbac&mr}smgh' SHY éﬁeaé%% Fég%%emog m%rtfp%ratmg condition is

nges in said predicted t wher e
mastfieddp sesponserisorhanpes ndai meé@te&ktlmwhg@hﬂ the rpgepgration mode

id SindlefRa fl’@g s rﬁ% LEWR E8HEBrrent onléifedPh RGASS
accordlngto alm wherein there 1s a mnimumtine

for 15 conpletion of t he on-stream node based on a

dat ug conget r@éés@% eérdfn %o @L‘fja?ﬁlrp%h%réiﬁ‘thetré‘%e{ﬁﬁﬁﬂﬁﬁlme for
m xture and t |ce time for conpletion changes
completion ehtheres- Stipm Morle GaseshowAURL @@ﬂcéiatfé'f&!‘sofé'_aﬁ! gosorbate in
tl‘ljéafeHHg‘éC ee)gmef éﬁd s p?&lét@&tlﬁétfsmorﬁﬂiéﬂontdﬁ%n &4 &8l Whed the

s sald mninmumt OCGSS

monitereg wgcemirampauemeleds\m&@atwntqaecqu@@pbm ejextend thad the
ﬂ%} dictbd mebxcddts é&ﬁd)ﬁlgﬁlﬁuﬁgﬁﬁ’é ding to Claim2, wherein
on

e adsorbate 1s car I oxi de and said datum
concentration is about 400 ppm 25 5. The process

accordi ng I
air, 3Slhe thgl@l) 5@ I't eﬁltgvgﬁgﬁrﬁnﬁl ox %E%ﬁd\%t%edra?bon
di%(!d@ddltl onal | y adsorbed during the on- stream node.

30 6. The process according to Claim1, wherein the
concentration of the adsorbate is nonitored by

meas k enerfthejpiogase aceerdingde Glaimta, W@e[m%!hee%ﬁﬁpthat‘? [gecarbon

ditiide and said datum concentration is about 400 ppm.

5. The process according to Claim 3, wherein the feed gas mixture is air, the
said adsorbate is carbon dioxide and water is additionally adsorbed during the on-stream
mode.

6. The process according to Claim 1, wherein the concentration of the

adsorbate is monitored by measurement in the feed gas mixture upstream of the on-
stream adsorber bed.
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stream adsorber bed. -20 7. The process according to
Caim1, wherein the concentration of the adsorbate
is nonitored by neasurenment in the on-stream adsorber
bed. 8. The process according to Claim1, wherein the
at | east one regeneration 5 node operating condition
conprises the flowrate of purge gas through the

adsorber pabéésk BECSAHGTHE CRiMON WHBFRSN 1% cohBsntRitiBARF the
according to aim1, whérein the at |east one

agegybateria Mopiorehy dneASEFamem & BRI stram adraprerded- t he
heat of purge gas fed to the adsorber bed in the 10
regeneration node. 10. The process acc_:ordiar;g?to Claim ]
1, V\A&er_ei i herpsogass @eedding te Ciajm| 1, wherein Ker a_sggqpelgegeneratlon
i h i tHeCadsorber bed
R RIpRIRG BRIRGS Sompos o M b OF Bge et MOl adsorber be
in he regenerafien meda.-ure, the tine required to conplete
the on-streamnode is determ ned by the total anount
of two or nore of the adsorbates in the feed gas .
m xt % e b€ precesaacewrding e Claimstawiergaitithe attieast one regeneration
[ " ' t j i
TSR RLEl CONaRh cORpcR AP HOR o puldk JeBfod RPRiog@Borbor bed n the
regemeratiopdnedie: i ng sai d on-stream node 20 and the tine
required to conplete the on-stream node predicted from
said nonitored concentrations, and at |east one '
r eger8r at iThe preesss ageerdingig Cadmdi, wherein therraegssdglaicyiclical
L. said predicted tinme whereby the
t'ﬁ%’;‘@ﬁﬂ’?‘ﬁ?%@%&ﬁm&?géﬁm| eted at the sane tinme as
the concurrent on-streamnode. 25 12. An air
Sepandl | ORIRGERS dbortiyil ol 1, AR IRRSER (B &t more
main air corpressor to provi de conpressed air; carbon .
adsarkaies in therfeesgasimixtys thedimayieguiceiodomyilete iye an-stream mode is
cal . . . . . _
OEHEh I8y 4 R R 6 TRSESH kbl Oy o gas ocur
fechioribe bed duringksaig modeothesancerdrationeolcsnighadsoskatesiinthe feed gas
. - i oxi des f T i )
ok e AP et e M o ppveam moso
apd thentimareatiired ie.complsterthe onxatream rodrepiedistay from saidifeonitored
cBichnedisshd shRGE Gl SR iy LA P A oA v
reapoasatd ¢ranges in saibpiedistacdtine wheeshy theregeperatioe mode is completed

agfﬁe%% e?l?ﬁé Goak &dﬁfcﬁrr&ﬂ%%?é%}n l‘ﬁf)ﬂé.he carbon

Ioxide-Treed alr fteed, erein the tinme required to
conplete the on-streamnode is determ ned by the

;io: aly tzﬁgo_ 1aiP§eﬂaPaﬁioﬁEHr9&§s% RAicHSir i€ cohBreSOPIESHEM air
compressor to provide compressed air; carbon dioxide is removed from the compressed
air by a cyclical swing adsorption process in which one adsorber bed is in an on-stream
mode, during which carbon dioxide is adsorbed from the compressed air to provide a
carbon dioxide-freed air feed, while another adsorber bed is in a regeneration mode,
during which the carbon dioxide is desorbed from the bed, and said beds alternate
between said modes; and the carbon dioxide-freed air feed is fed to an air separation
unit to provide at least one product stream enriched in a component of the carbon
dioxide-freed air feed, wherein the time required to complete the on-stream mode is

determined by the total amount of the carbon dioxide in the compressed air, the
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concentration of the carbon dioxide in the conpressed
air is nonitored during said on- stream node and the
time required to conplete the on-stream node predicted
fromsaid nonitored concentration, and at |east one
regenerati on node operating conditionis nodified in
response to changes in said predicted tine whereby the

chbRESMALiIGH bRe FRARNRIGILIATRG Sérﬁﬁreééed Qu?nssrﬁ&‘ﬂto?édf@urﬂ'@ said on-
t he concurrent on-stream npde. 13. The air separatio

sgp@@é'ggdea@ybmg,tlﬁg reguirgdiiopompletgthe en-ptreata mode predicted from said
ntSHte RS dorbbRPatish ér{beaﬁé’&‘?bﬁé?&_;énérdiﬁﬁ'nﬁd&e%e%‘nn condltlon is

measurement in the f gas mxture stream o
pv

Wfﬁdr'éﬁﬁpé?a%f@o@an%%ﬂn w predicied tiree aqebm%egeneranon mode
iRESABIBIHR tﬁboé?ﬁﬁé‘ﬂrﬁé akMe ESHMAHBRI SHstfodth RiBES as

claimed in daim1l, said apparatus conprising: at
| east two adsorber beds; a control circuit for

mai ntyaj ni ﬁq-,eogﬂreséb%paﬂo édr&lﬁ?‘té’@%ﬂf@r wﬁeFehrmﬁe15

det er m ned total a unt adsofbate in fhe f
cgaeentiajien pfethe @gdserbatens nmomrhyﬁgeawraemm the faeqd iﬁg mixture

p@i eNmeldrearaPsss bl Yepat € can be adsorbed from a

gas m xture passing through t he bed, and anot her
bed in a regeneration node, during which the adsorbed

adsorpat e rf@ @.ﬂ %@g&%&%gﬁbéﬂg ff%ﬁe(:j%rgﬁu@tlng a process as

alternati
claimed "’a@'@tﬁ* Be$al§§ﬁ%ﬁtuﬁ@ﬂﬁlﬁél§'§9rl ng the total anount

of the AdPLHBrddipbde feed gas mxture fed to the

bed during the on-stredm node, thereby deternining the
dur atd esmtrof cikcnis feynajntaiing @ﬁﬁj@ed i anTcetram mogha for a time

dégés? Orr%ﬂtﬁéﬂbta@rﬂbﬁﬂrdf '&gsérBSteQH tHeRbY g'{aé Pictife fEB?o the bed during

gas m xture uri ng sal d
sgifl- e ede; ghiring whichandstegmmpde adsabatefcan mr@ép@teﬂrﬂ@m afeed gas

nfuitgl:g ﬁé’ésﬂngrmmuhﬁ b &P 3nE Ahbii |' B&d intd'R hérr%tifu? Flk'id[eeﬂhrmg which

e on-stream no e, said ntrol circult

t'ﬁﬁaaﬂsoybecba@aorbaéagen be desarbecheatthe hedrans aieaading sgid beds

b‘éﬁ,ugi;ln a‘iH‘moHEs rfHgponse to changes in sal d predicted
ereby t'he regeneration node is conpleted at

t he suidta afsasbersenper feomeasuringtthe iotahareaun Abide adsgbats in the
f@é&%ﬁ r‘n&ﬂ]re?ééq Bﬁhé‘géé’ ae@gome%%fe%hmoag thé&r@ B¢ H&Eehﬂm..r?g the

ess as ained in dfaim1 erein said t
tadionioé thesemstsgam g1oglehmon with said concentr atl on

moni t0&oncentration monitor for monitoring the concentration of the adsorbate in the
feed gas mixture during said on-stream mode; and
a processor for predicting, from said monitored concentration, the time required to
complete the on-stream mode,
said control circuit modifying at least one regeneration mode operating condition
in response to changes in said predicted time whereby the regeneration mode is
completed at the same time as the concurrent on-stream mode.

15. A cyclical swing adsorption apparatus for conducting a process as

claimed in Claim 14, wherein said total adsorber sensor is common with said
concentration monitor.
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-22 16. The cyclical sw ng adsorption apparatus
according to Claim 14, wherein the concentration

noni tor measures the concentration of the adsorbent in
the feed gas m xture upstream of the on-stream
adsorber bed. 5 17. The cyclical sw ng adsorption
apparatus according to Caim 14, wherein the

conceust r atfinercybRal §wing %Q&ﬁﬁ%aﬁﬁhﬁaﬁ@ ra@@:m:ifngttb %.mfm wherein
e adsorbent i.n the on-stream adsorb

ﬂa%qnceaﬁfa 1OF) RENIH S13skres ﬁh%ﬁ%eatr@uowém aqisvgbens "dhﬁufﬁ@d gas

miure/\tisstrem of 16k br‘ilgtréé}ﬂtaﬂ%rbéif psdlit controls the flow
rate of purge gas through the adsorber bed in the

regenerati on node. 19. The cyclical sw ng adsorption
appangt us m‘é@éﬁ@aﬂgmhg gg%é\bﬂbrlﬂppé@@l% %bébrdi?u?% Eflim 14, wherein

circuit controls the purge gas

thejeancaairatipadnenitor Meapuigs g eencentration qfé@%adsmbentnbthe on-stream
a8¥&bbesdd, SW ng adsor ption apparatus according to C aim

14, wherein the apparatus is a cyclical thermal sw ng
adsorption. 20 21. An air separation systemfor

C ond CT-19 naHd d%l%ﬁ%né%d%lﬁhémgpﬂeﬂa& %béﬁr&ﬁg to Claim 14, wherein

I‘ISIn amnar onpressor to provi

t%ﬁ‘ﬁmr@h@@aﬂt&pmrolamﬁjf&qw taé# okRirag gas Yueyan ta adpprhesbersin the

netalioA®sbden C aim 14 to provide a carbon
I oxi de-freed air feed, and 25 an air separation unit

for separating said carbon dioxide-freed air feed to

ggovgg:m Q'Peg:r?aﬁ:hl Qfﬂﬁg BBQcﬂ'Hﬁén SRR 8BEdrEiRE %o LA 14, wherein
cont?cﬁ circuit controls the heat of purge gas fed to the adsorber bed in the regeneration

mode.

20. The cyclical swing adsorption apparatus according to Claim 14, wherein
the apparatus is a cyclical thermal swing adsorption.

21. An air separation system for conducting a process as claimed in Claim 12
comprising:

a main air compressor to provide compressed air;

a cyclical swing adsorption apparatus as claimed in Claim 14 to provide a carbon
dioxide-freed air feed, and

an air separation unit for separating said carbon dioxide-freed air feed to provide
at least one product stream enriched in a component thereof.
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