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[0001] This invention relates to treating a feed gas, and in particul ar,

t he i nvenvoeniwsk@ates to an apparatus, system and process/dBn11sogvi ng, or
at least reducing the |level of, carbon dioxide and water in a feed gas to
render it suitable for downstream 5 processing. The invention is
especially useful in renoving carbon dioxide and water fromair, where
purified air is to be enployed as a feed gas in a process for the cryogenic
separation or purification of air. [0002] In the context of cryogenic air
separation, carbon dioxide is a relatively high boiling tenperature gaseous
material and the renmoval of carbon dioxide and other high 10 boiling
tenperature materials, for exanple walldtE: which may be present in a feed
gas, iS necessary mhere the mxture is to be subsequently treated in a | ow
tenperature process. |f the rel A0PQ@F)t BRGPURRSI i ng tenperature materials
are not renoved, they may liquefy or solidify in a subsequent processing
step and lead to pressure drops and/or flow difficulties in the downstream
process. It may also be necessary BACHEROUWHP e to remove 15 hazardous, for
exanpl e, | osive materials, prior to further processing of the feed gas
so as to E@GbeTF'ﬁé”Y‘?r‘é'R”dﬁlatﬂﬁ fogtregiingre f9Rd gah<BWuBnRapririede inyepisy ent

an expl osréme@&zarﬁ dppdfmrsog@fé@@rhngap?@@sgu@r*}emmnboaw AP rRuchgahy lewBe may
present such a hazard, and thus, |tfggygésdﬁe5|rable to renove it fromthe
|

feed gas. Of B0 Wi e aRd "&%tﬁ'bdih S| yrepder dngiighler i¥nfevistiedmyas by

adsor pt i Oprodesdity. 2PeanwtibA |§l@§§émztuslefulan r&RBARGIcHARNSHbXIGe Afgardéd on
(TSA), pressure sw ng adsorption her mal pressure sw ng adsorption

(TPSA), of oM H’QPWeyp%'ﬂﬁ%ﬁEé‘dtomee%%Rl?léeds% Hiped @88ipe PB??G%SF@P% CPBEEss.
GEneraIIyse¢j@ﬁdwﬁﬁ@upr@ﬁ@ﬁ@e@r wat er and carbon di oxide are renoved froma
feed gas by contacting the m xture with one or nore adsorbents, which

adsorb thFo f eln aRdcsERU dyshideair 3o éi\tﬂinercamod@ﬂdlé mt@ranuaély Agray be,
e

for exanp a silica gel, an alum na, or a nolecul ar sieve, and the carbon

di oxi de aH%‘B’F%@rﬁ‘%perﬁ%FH'@rQ%eoH%V‘%"é'a' £af thecsmaval ofcammedioride aad efher figh

zeol i{®@. b¥hZ ela’i&%hﬁﬁ’l@?él@&%%ﬂdr@&@%?er[wﬂﬁﬁ}na@%él@raéérﬂnablfé'edg@t%r i's
renoved first and then the carbon di oxi de by g%SSIFb% t he feedlérgas t hrough a

singl e adBBFASEAY WhgjRnedPxiispixia e SuRgRAUS YK t oW tegpgEated presiess.
pr ef er ent jfahe pslgveRt high b@'ilng\@érﬁ?der@tﬂﬁb faAtdviars st gt E’eﬁné\}%dafhe@dﬁéy Ruegnoed or
vessel . Renpval of carbon di oxide and other high boiling conponents to a
very | ow peligdy ipga subsequent processing step and lead”to pressure” drops and/or flow
difficulties in the downstream process. It may also be necessary or desirable to remove
15 hazardous, for example, explosive materials, prior to further processing of the feed gas
so as to reduce the risk of build-up in the subsequent process to prevent an explosion
hazard. Hydrocarbon gases such as, for example, acetylene may present such a

hazard, and thus, it may be desirable to remove it from the feed gas.

[0003] Water and carbon dioxide may be removed from a feed gas by adsorption using
20 a solid adsorbent in a temperature swing adsorption (TSA), pressure swing adsorption
(PSA), thermal pressure swing adsorption (TPSA), or thermally enhanced pressure
swing adsorption (TEPSA) process. Generally, in these processes, water and carbon
dioxide are removed from a feed gas by contacting the mixture with one or more
adsorbents, which adsorb the water and carbon dioxide. The water adsorbent material
25 may be, for example, a silica gel, an alumina, or a molecular sieve, and the carbon

dioxide adsorbent material may be, for example, a molecular sieve of a zeolite.



S5especially desirable for the efficient operation of downstream processes.

[ 0005] After adsorption, the flow of feed gas is shut off fromthe

adsor bentwbedianssibhe adsorbent is exposed to a flow of pcegmsreraisisim gas
that strips the adsorbed materials, for exanple, water and carbon di oxide,
fromthe adsorbent and thereby regenerates the adsorbent for further future
use. 10[0006] In a TSA process for renoval of water and carbon di oxide, for
exanpl e, 008} pBenvaentianilly] svatey ps csvhdveddpsipareisthed this caoa divxide & passing

conpressof, ( ) _fallowed by indirect water-cool] and_renoval, o he
Fooul tant heRERes ArEHEe shoie, AL R BE sPrmalel PR PSRl Blestelhq
descr i bedfdngrefereatitieadsorittien aif wateryarecdrbiort Hiekide dwlaadhdssiptign biedrorexass) e,
refrigerated ethylen l.ycol or, Direct aling After olin DCAC) , . The
bul k075 BEERe Vo atPor? ghoi ol ST larcBEie SonPiihircRea, 1w bt i
separ ai i onsmcidl I desicahiteios ticeeffidizs operatitre of g@esedammrocedseol ecul ar si eve bed
or m xed al um na/ nol ecul ar sieve bed system where the renmaining water and

carbon di (0008 After adsorptied, thy fladsid feed gas. is Byutusi frgm theoadsoriyant beddsd tHeent

beds in a_parall.el arrangenent,.one may be operat.ed,for, adsqrpti o ile

Pha ot hor i@t R 8R BETQY o REnTRYoP So O REL AP HasBiRA Rl Al B! Lo,
20 i n t heexgeplat wagr andl @rbdmdickidec iom the adsbriienbedd TiSfeby s¢gameradtdre the

adsor bent i?Seodg are oper ?tterded na TSA node with equal periods being devoted
to adsor p? on %n&ot% régléHerastl‘on. [0007] As a result of conponents (i.e.,

adsor 1 1 o GRLR T Ro TR BEe o i RLSf TRECENLERD B0 Do 2

adsorptio e, 'S gener e
of adsor painmsphdiieaih&atypigalyeroatpeesded using adwor at canpesswd VA Q) dolbsedabyheat

pul se to pove .ip..th wastream dir ion.through th rbent. Ln the TSA
rocess. ParSelabi EositharaBRtL 4 df coRib Bl QRPa AW BRE R 3itbar P
downst r eaitustratledin Fifereddaar drsotibdakbiterdinaiterg Tthieaif reagbefurther toaked peEng,dor.

During th n ti ) o S ied. r gas
conponent SXdirer s tsta BHERRa-gES: Rl egs SR GEonbDERET, dBkATIr on
st gp, 1par of e wdier ipremuedd ipabis stey by nerdensatiani drdogpparalion af West@ndehsaam f [) om
a downstream.proce se orh ,the a . ts. y be
conpr esse%%s r'lgghcﬁﬁ]i aI\Ss’gﬁH tsr rggbae%r?ge%H%gt% 'ee&.g %ﬁeorhﬁﬁgggﬁﬁ?@g%gg%g% rt%eslg&)ger?t he
3_ed pgi ngsyseerevaread ¢ renmairsng mxgm\gnd/g:alrtbm di;jzside IgwlreM\edltamﬂsorptbar Byn

i oxi de, [ - . ex : | e
r egener at L%Hg é\tﬁ %B,r W\gg%%g%ér{)%%go e%h%dwgai Fr%?%l e;r]ar Igﬁg%rﬁ%rgho@%ﬁ ebre%oer?%gtffgrof t he
adsor pt i oadstretmn Wili@aBé other & Odiey regen&ratests ane tiav nobps Ads perddicatly (avesHgd
syste ter | ypical |y, fipe 3 in e [ orption
et () i el s sREiME P e, niff co0 B AdyBuERaBA Puithe o diBhEhs BERT B
separ at e bpgretedc mmpr TSAngode nwithe @glialr psii@dsebéiog ddveteald o ragsomptiorofandatdbon
di oxi de i §e[g':?¥&ia% _I y enployed. In contrast with a TSA system water does
not enter e nolecul ar sieve layer to any significant extent in a TPSA

. . . _ ‘
cmor gy, | nUSOL PAY ZEBAEO SinlpdHERlsFor W NERE ceBrdrifittod 8l B8ngTabled
TPSA pr octem,a &ed @es by iadeatption Wheh Bie HRgtie nt-liNe.sheab sGRHeaBAd dueltozh8H6al295,

IS i NEHT PYF gés%qptmﬁ. r?ﬁee F]gg'tcgen@%tgé rEByitﬁ'e t’aﬁ?&rbti&ﬁbiorcggél tauses a heat pulse to
move in the downstream direction through the adsorbent. In the TSA process, for
example, the heat pulse is allowed to proceed out of the downstream end of the
adsorbent bed during the feed or on-line period. During the regeneration process, heat
must be supplied to desorb the gas component that has been adsorbed on the bed.

30  Thus, 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 heated. The hot gas is passed through the bed

being regenerated, thus, removing the adsorbed water and/or carbon dioxide, for
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[ 0009] A Thermally Enhanced PSA (TEPSA), like TPSA, utilizes a two stage
regeneration process in which the adsorbed water is desorbed by PSA and the
car bon diwwi2der/ps@yi ously adsorbed i s desorbed by TSA. IPOTIdB2811pI5087€SS,
desorption occurs by 15 feeding a regeneration gas at a pressure |ower
than the feed streamand a tenperature greater than the feed stream and
subsequently replacing the hot regeneration gas with a cold regeneration
gas. The bmmml I[}mgaglﬂ‘rearteigegerg’ﬂx&n siep.oe gk enayyfiomeinttherdiréatiobeoaxtibetodtdt as
conpar ed tﬁ g tPSA system so reducing switch | osses as heat

gener at ed® Sr] §%rP ?'] %ﬁp\mthl n the bed may be replaced in part by the heat

fromthe L The PSA escrl bed
Pat ent Noﬂﬁ)?sﬁ %Ogher%g Iu porsé'l\‘tm xgsorlp (?e? %ﬁ) I%?%% V‘l’artlerl ' stygﬁ?lglr ety.
[ 0010] Asconfimed duseh yonetledeEﬂSAa, w‘ﬁRSAads@nﬂlo?h’ErﬁS@lumr cscélspmdalfd)r emmple,e t he

procest aregasa g eCMeaide e phed iR STy ERaR T el ARR gl The”
t enper at uadsorpieads dafbon d]ds)eade i2 By picedjg eepidyedg Irgegmtnajst wmeaTl'SA sy“ém wa-ierd
1570, b SBBOTR B XA LS By g CRaBIEPh SR Sddr2rs,

as to pla efore,
i ncr easeswbmhtaxivafﬂyxgemslly gyoithéreensed to tnm@uharlergemmomg)flﬂmmgytledorgersto

conponent %’WB (f}be W%fqr%&ﬁﬁ@%bhg{e%gﬁbg 98?3’?‘* end Icleéfs MNECoe¥eribE of

t hese corrp%nents e wat er corrponent
and atdt h&rS.rRatént 196s. rﬁﬁ%,ﬁﬂ@aéddy5,8ﬂ®,29@,mampjoqooratbe twaetmemaél feexeiden their
conponent, tlrgﬁ hi gh tenperature used for regenerating needs to be

suf fi ci ent igh for the desorption of the nore strongly adsorbed

conmponent Fooo@ A We%%ln&/ #ﬁﬁg’#%ﬂq#%i?%%%g? @%\ST[F%OA}lhtlIEI%g Q' gvh) stage

t enper at utr'es rrpl oyéd i ¥ Ucesses requi
parti cul aregenelsapempaddeys dewhlghehb adlsmb@iewateesssédzsprbwd by ﬁiS@l’uambthlazmrbIm

integrity i i s fr e in this
ase ot RGBT MR BT RGBT LR Db ety A0
Separ i ofeeBingra ssgebgrabon gas ai @br@smdommgmfeed rstrem dndrdenRepaintes on

Sei ence olerNpl Ry &4 408 aRPsuehlon ' SHLIRE N ATERHPANETES WANS, T Ne

desi gn of sor Ive I ON ensi ve
overvi ew oéldtﬂegembréﬁcm @as tW@sheafedaehgenbemngmehlk)wmmecy@ertirm targenent s

vas. Tenor Lol oL YRR PIS YR ey o AL AT DOLIEAN Bl ASRTELY ue Adser ber o

and support “screen s se adsor $i68" al |
have a cogamatfedaiytﬂdeprpmhematjmdh@bad mayste rbelaserppmar’ebt/tbwy:meafﬁ'cméb@hot

i nt erﬁ@l ) {e%%ngr!‘éﬂgﬁ) Igé]@g)rdc%s@ a&%%}s%t%oe ﬁt U%t %’rfaltee}nlt l\]’gn 5%]I lj‘rrs(#ﬁp%r ts

t he wei gh the ' & ésor bent d any forces 'reés hg from
a pressur mcdmopmtedt bpsderehes Bezrpponitssomrea'n and is deS| gned to work with
adequate el asticity under thermal cyclic conditions. Traditional support
screens af@1Abr Aalprgviously noted, TSA, TPSA, and TEPSA processes all require the input of

thermal energy by means of heating the regeneration gas, but each process also has its
own characteristic advantages and disadvantages. The temperatures needed for the
25 regenerating gas in the TSA, TPSA, and TEPSA processes are typically sufficiently high,
for example 50 °C to 200 °C, as to place significant demands on the system engineering,
that, therefore, increases costs. Typically, there will be more than one unwanted gas
component, which is removed in the process, and generally one or more of these
components will adsorb strongly, for example, the water component, and another much
30  more weakly, for example, the carbon dioxide component. The high temperature used for
regenerating needs to be sufficiently high for the desorption of the more strongly

adsorbed component.



15 supported by the vessel wall along with use of a support system and nust
w thstand cyclic operation without failure. Traditional adsorbent bed
support swyetzenmi3sé1zhori zontal vessel s conprise sone sor cufGH2bat0shed
support screen that is then supported on an array of support beans or

"l egs," or an array of tubular type distributor screens where the screens
are typically made of V-wire or a perforated plate covered with nesh.

20[ 0014] [@031] PahenrﬁgH\lmmﬁgrélafe,sGérﬁployen TretiteaT8A| TPSA| 20l oTsEQ%Sﬁa prcmé'ssés fl ow
adsorption vessel t% et her %}1 (151 mﬁt had,for as nﬁ]h ﬁ a VE? and a
met hod f ol FHRFPHEHET Oh §PRERV ATHHHINE AePRehLeTal: i I"Sh'a Sty

f 1 exi bi | i tojachieelmptimuectacenamol/dle kol the feedf gars, HISCEInIthISS:GSé] alr. vessel , which
is hereby incorporated by reference in its entirety. 25[0015] The common

pr obl em W@ 2h! The beske, ﬁlésgnbeﬁﬂdmntlmip@verstmswwmaﬁw Rlavas, @sDa Ulrich
conseguen ryi t. |LLu t | se
rovi ng ¢ negugreoRhcl BE R ReRbHL BT Sodtel Bk STEHE Uk ehe

adsor bent dlsnlosétepradwrﬂmbemebedd thd@w@sdrddenmtlb@drystm‘poarr seyesatem plamtd. t he

adsor bent AV al I i ff gLen of this
di fference ?gr%ﬁrgngrésﬁ\é ar '%etwﬁer e ?sdnxofle %’ﬁ | al géﬁ)rﬁ %saﬁ%e)e('%%nssclr%er?
bet ween t hearaagmrm‘rﬂmwas bepdrisdppduding ystttieah aamldal tdmne mxdlzmntblegﬁomsd!slsaeilsonlvarsl

t hus requi e SOr t bed support systemto be able to nove/sli de
rel ative ?’% F‘%’e"‘ﬂ so(rjet? SH?%\B‘essel WD 2011/ 138612PCT/ GB2011/ 050877 [ 0016]

Thi ! '
T ol LI e oo RSBk YERRI o ARLER hO IRl
permts weludi b@suwr@rikevkbyla seeendgtetrtagrordiupport atreen (lhaiaﬁna @edomtatl meteenhal | y

t t t
Syst om anteneoHi Bk Bl EEERR BBt Ry o WA Andy O RRe Bk Be Fo "
adsor bent abwdssugp poop asyis‘sdhelsmpp(xt csoreteal and hEedasigdemuNorl{—mmtJeadetduete
adsor bent eBgﬁIm? (%Ftthgr#atl X I|c g&Ldl Fo%%f“éB y&gngl Eé o?rﬂgl'lyal
t her mal eXxpans etween t sor ent be suppor emand’t
adsor bent sumsstet Lwaﬂhb \wssdziomn giengnvmﬂwluay afneysapkxm bﬂﬁem(mfdtraustvwntﬁstmtl cle

sizes as I . e t, b pport
yet om se219 pfpBRod R Gt BoabFal PR P B e R MR T e
acconmodavessetieqpendise sometsertiifigi ol suwpm sofeen ltreat srﬂjl]hpm supswiedeam, art dreay
tenperatu e e p n t he
adsor bent Bﬁ %B O&p%%{rﬁ'lﬁs 85?%}@@ o tag %r Q&O{UBU%P%%V(Q%E@W%F] % ﬁ?ﬁle reﬁra G ve
coef fi ci entrsend areHypicaly neadeari 3i-wine oTh perdatstedipdaie chexted wihorashsyst em seal
nmust accomodate such differential thermal expansion. 15[0018] Any

adsor Hent [0044k afeS.nEgteble Noi $36:609s to of entarelliodisaloses ar eadiabrflopf ad$mption

adsor bent r u e e yvery
costl y.to"daanoacth” Wi Bheof oy MosbnBid SBLF FRRLeIrHla Rl Yoie

adsor bent manotetiring a:qnltmnrsarpipeqsreem:rhetzlnngrhldlremtlolpxalaﬂf&jubmty |ande bidare®tional | ed
with the r f r: i

uneven adi}%?tgrtg%'tb géls'{ij:% zEar(]:Za\A@ Slegq%é@zsnﬁg%%grlh%nﬁ&%g% nggﬂsehér@gclgqem |1

| ead to thetirbiyckfilled part of the |ower bed to performinproperly due to
flow distribution and pressure drop issues and adsorber bed mal performance.
Even % t h[@18] nghe commontpieblermdvitiediit thesd ddsoreent beldiserpdricystanys ialfeat@stehe

| eak t

redi i o1 S2PSAREREL oh U, RERAIG Nt s, SRS TR Brooplafied lied IndRELG 2
$1, 000, OOthroughi gte ambmtbemth@eanehémB@se the afycler that dhe canlser@sntsm the
associ at eQdé’éﬂr{)éht%léﬁhtr{ee&’oaéoFbenE BQ&%Lp;ﬁ{PQK/ Lgn d ﬂn%sébrs%?d%t 9?&;??%2&[ L

systens have to support the sor required
separ at i odiffdeny tenTmatﬂ resc tAadesultoddiis drffetretfmerm éfupmrame dherebie dlffaregéialf rom

resi s{d ng t

terpesr oy BN pepRtiETbb GleoR e fRBidR oy Sl flom 2 PR ROAERL eSS 1 bed
support syel.dhys fElaeising tiB0adsorigpnt bed serpoot systent oshd able ko meedislitegealatiyaid ur es
of typi ca}hes%gg Eh?éé%?len& Furt hernore, because the adsorbent beads sizes
can be re atlve i.e., as little as 1.5 mmto 0.5 mm for exanple),

relatively tight rrechanl cal tolerances are required making the adsorbent
bed support systemdifficult and expensive to fabricate. 5 -
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WO 2011/ 138612PCT/ GB2011/ 050877 [0020] Further, traditional adsorbent bed
support systens generally incorporate sone sort of packed joint, typically
cont ai ni ngoghasssficber rope or wire wool packi ng mat eri &cs/GBEha®B0877
systens/ materials all tend to degrade over tine, and eventually, the
integrity of the seal will be conprom sed | eading to adsorbent | eaking past
t he adsor bent bed 5support systemseals, failure of the adsorbent system
and hi gh [0®5d8] r Thiestguirdndsi ¥pr Desadgpibent et ewpp@t spditra tadwmyebatabbigdto

. h I d i.nd f , d i
RN L R e N R T T e
i ndustry two iiteprsovegdtiee difftdafintoc alchiené egrd tgenefally heecadsitatdse sbmeedogupipor t

system under, cyclic tenperature sw ng,adsorptiaon.conditions, and 1o

ST ot omecpsa shal SARERELI S thdry nBI 3RRRO SThER il heRsBREnt Panse

fail ur®es because thelgaihlayy tilretiad b rthe pidsdbentsibgrp eupposty system Sk dollcdntaén ger ong
and structurall fficignt to support the bed weight, the forces, associated
mith pr ocetibent,ieneh, 8 9dsar B BEY subbFLBRter kel bhad B adiodafe R
accomuodatiéfetdndalintierrexip axysinsion petoveenethé cadsproess bed shippprt syeskam edrfdi theent
use of the adsorbent vessel volune, reliably contain small. particl or
hacor bent SOSHREN BERel B Sitnal b Rond oy Ao SRy R ParieB s s

adsor bent abed. miaxta®d @m to [cARDA$t ths adsoriesrdipl eupporhostenoséall geonetry

adsor bent vessel TSA systemis designed to renove water and carbon di oxi de

at a feed[Q0&F s Uihe aofouapetdifferamitat eypdnsonitbhateneegdo aeraegenmodbtedniepersdssur e
of appr oxi g and re

el 1.1 bara. .The air engratian Q flow,rates are
915060 NRBIE PxSed ot aT (e Bt 30eh TR Briberdlie fitelanfi dethedh Rie® 1,
(f eed andsummpensaredn Evhichsiggicehofi the soiporbrnintedesyppdringystesn) aFdeths Lgaporbentscr een
is, therefor e t .to e ri.en ate r r ifferenti f 120 C
as bet weel"} 'éagégﬁgrr‘%gté\%:er%oeeﬁfpcg%nés Pﬁg]egaélo%gﬁggﬁegggladg\g/gfe?/{ Q&LS@‘?%"W or a
dur ati on eyst@nmisealrrsustfaeca@mmheéataisuch diffdrendalilesratalexpanaonat 9.1 C, while

supporting, across a 81 nR area, 120,000 25kg of adsorbent. BRI EF SUMVARY
[ 00231 he[0Pd8Fr Abechdsnibedt teakbge gaay deydisagrauseld the tbvenadrdpepstiopr ofvirai ng,
in one e i n L J e ] :
expansi OH?Q%HH ra‘(i:/{a ?%#f,p%g%(r%{)a??s% ﬁgﬁtﬁ%ﬁﬂﬁgg?gﬁé?@%ﬁhg’f r}rg@ee&f &()s'ﬂ?ﬁoerepalr.
adsor pt i otf adseseht sakpge betuws,t loeallyathe devel gpf 18O adxanast dosesbe iz sugport

wh . ) . : ¢ . _ f
the 1 engt Rk wiESEhaBP s sk EaS UL, PELERBA AL EPE: AlaTRgR ROSLARY ©
expansi onscgeen restliirgnin antunevexisakorbenebed curfacel cldvipungen agsrbentdsed

perm éd i NGuede W|Ma%qg5]d461§§c%l?£dca—ér%2tﬂ%jrév%?%%ézto perform improperly due to flow
distribution and pressure drop issues and adsorber bed malperformance. Even with a
single bed, the bed depth will be reduced locally above the leak, causing premature
breakthrough of containments. The cost to repair a medium-sized Air Separation Unit
adsorbent bed due to leakage may exceed $1,000,000, which does not include the loss

25  of production costs associated with such repair.

[0019] Traditional adsorbent bed support systems have to support the mass of the
adsorbent required for the separation duty. The frictional loads on their supports can be
large from resisting the differential movement as a result of the potential temperature
differences and will generate large forces in the adsorbent bed support system. These
30 large forces often result in mechanical failures of typical support screens. Furthermore,
because the adsorbent beads sizes can be relatively small (i.e., as little as 1.5 mm to 0.5
mm, for example), relatively tight mechanical tolerances are required making the

adsorbent bed support system difficult and expensive to fabricate.
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perneation, and wherein the first section of the support screen has a
cross-section in the axial direction that is arcuate. [0024] In another
enbodi mrenwvo 2a11piecess for separation of a gaseous ni xt ureT@GB2oidosyat by

t he adsorbent vessel subject to thermal sw ng expansion/contraction is

di scl osed 5 where the adsorbent vessel is subject to thermal sw ng
expansi on/ contraction, and conprises a support screen affixed to the

adsor pt i 0[0020F s Elrtisarbjreditiortab ati b@beret| besivdupgor spstosis eheilly ireotposate soher ei n a
first sectir?n of tge .s,{up}poril screen e te%s al ong a. ortc on, of thte.llength
of the adiQF Sl PHCYdULs PGy EERENENG iatsnter Lof %‘&E‘%&’HS OGS Fon i n
t he axi al Theseesystems/matbriazndl iend do alegrdder @er fisenahd iengntgalyy, Hapmteyeiat bfon,
and wherejn the fjrst section t he support reen has CrQss-section in
the axi al T Petc vl PR RATPIOTSRE paplls Rogdsyoenl 5dimandihle altibr et
process f supmeeysiahi svalgfailargeitke adsarbertt wystemsanld bigh osEdt, costBapri si ng
introducing a feed streamto be purified into an adsorbent vessel subject
t o t her ma[0024] nHesigpiapsi maw ctinble actombant vdvesupiport tsheteadsas; bewéverggsgled
conprises, 15 or reen aff.ix an _inside | |. .of. the sQrption
vestel *vnliramgfsPLRE Eny S8R B, Rl e e IRt e iyl 10B-AT°8LP

cr 0oss- sectinrenolved héed iaxXhainddstinetotimprovieibe meshanmical dritegrityi ohtheleaasorbhet besed
streamto_be purifi i h Vess ses t t.he support
scr eon andtieg Syeldf ol bt HRBCREES SRS Fes RARRCSostleR Hhg ABHBROG
| east 1@netheonplostesssen uteaofthd sealf peidt shemamosesiiltte falures acquur i fdeelty fheed

stream 2QBRI EF CRLPTL ON.OF SEVERAL VI EW6 THE NGS [0026] ., The

For egol g LaR e S0PRet FVYEm B SR ey Al T MapBRGH e
exenpl ar ybedribedhtraing frceéssadsetibied withdeesswe drophamossethd suppabsgrae tfiegiblen t h

t he appended draw ngs. F h ur, of 1llustrating enbodi nents.. {here
< shonn IO B AR imgEle bin 8 S PERTRT il FO Y Bl Ee OO RER Hiusbl on i s
not |im tesk bdthehadsspmnit vessel yoketrizeo ddiablydcanitest sova aatidldsl e@sadbosmdngsad. | n

t he draw ngs. 27] Ei.gure 1 i rogss-sectional view of an adsor bent
vessefglco %S'Y fsol[rﬁg' Oar]rTl1 (!;?tgbr:%ﬂogro;;ﬂ§‘ﬁ§rg§5@]nﬁ]ebaéj§&§)§5€)%e& systemincl uding a
support screen, in accordance wth t resent invention; [ 0028]
Figure 2 is a cut-away view of Fi gur-%%i&clﬁjan exenpl ary adsorbent bed
support 3[(002281 ehs am e@opiajaackorzottal tdeenetrgsaddorbant evesseln TSPOBZEmFisgure 3
IS a crossg: t] i j i of, 1

wel deq Codersi Bfmslk R L BERIBET Hoke 4 HRHERAS o SETERBY 3Busen:

i nvent i onbarayand a regeneration pressure of approximately 1.1 bara. The air and regeneration

20 flow rates are 415,000 Nm%hr and 49,400 Nm®hr respectively. The cycle time for the

TSA (feed and regeneration) system is approximately 8 hours. The support screen is,

therefore, expected to experience a temperature differential of 120 °C as between the

support screen and the adsorbent vessel every 8 hours for a duration of 2 hours where

the air feed temperature was at 9.1 °C, while supporting, across a 81 m? area, 120,000
25 kg of adsorbent.

BRIEF SUMMARY

[0023] The described embodiments satisfy the need in the art by providing, in one
embodiment, an adsorbent vessel subject to thermal swing expansion/contraction,
comprising a support screen affixed to the adsorption vessel subject to thermal swing
30  expansion/contraction, wherein a first section of the support screen extends along a
portion of the length of the adsorption vessel subject to thermal swing

expansion/contraction in the axial direction and comprises apertures permitting gas



WD 2011/ 138612PCT/ GB2011/ 050877 [0030] Figure 4A is a cross-sectional view
of an adsorbent vessel conprising an exenplary support screen with a slight
desi gned wewvhatizen2 in accordance with the present inverCr@B2011/05)E031]
Figure 4B is a cross-sectional view of an adsorbent vessel conprising an
5exenpl ary support screen with a greater designed deviation based on

t hermal expansion, in accordance with the present invention; [0032] Figure
5A i s a spemeaatiah, andevhdrein e fiptsdctive obthe anppdrssorbenbas/e soss-sectivarin fieng an

en and illustrating an exenplary transition section,

exenpl ary support s

in accor d%'@ (R%Cﬁ R%ﬁg'sﬁlrcéj@ $t i nvention; 10[ 0033] Figure 5B is a secti onal
viewinp fiye f an a sorbent Vess risi-ng. an _exenpl ar port
scr oen anRHT ol i A RENG F BroseRs Xt PRERL 3t Pl Bof ARG SR Vi ¢
t he presenut bmt\heretdlsorrb;ent ves[s@lOéM]ethoghheeneﬂGswur@ wrmesnbnkonatfaohoevs dlBClosed

persp t|v ent sel .c rjisin Iar rt sc een
bra T usi el 1E" PR BhT et BT Sl Br e, SnS TSRl HRRE T, e
present i pereptisesm st)@ﬁS};crEerglaﬁa(e&Doitlse adsapnoromedsel/sumemtrtoﬁbersrmkcswlnge of
an oxenpl SRR TS Wleltn 3" SRR B P REIERE BB PRI Tont
[ 0036] Fi gwtlen6 of s tiee plengihe cofi vtbewaeiﬂomiloﬂn aemit lsalbjestectbl dhaidmali ewirgf an

win che pEeRToniRTBhR. O oBe  SREHhT ehentRRBiceelaii iR birRfFE 62 e

i's™a se Vi ew
per spekt | pernm‘atuaml, aaidszdrdmemtthe/mssﬁctlomnphhbsupgorasnreezrehqtﬁ acr;oss-lqu:tmntm fer een
and ill ustr.a |re tloahn ex. lae}é transition section, in accordance with the
pr esent |ﬁ t?%{ﬁ%g%’]a igure 7B is a partial cross-sectional view of

an absor bﬁfrb?SYeisns ét %%Werr'e%%% rﬁgnt g)qgée%é¥o§¥e¥b%? tontchr eggseaoﬂg m|L< u & r at i ng

an exenpl ransition sectlon I'n®accordance Pesent 1 nvent i i on;
and [ 0039]j|sE|ogazd eoBprising wittcmivavmdga;ﬁeamsb‘éarademehﬂmtfled'erﬁseh alsnpensvesgeln

wen the SPARER e barTR St b Er N MRS dBE po Bl et el BBRESANCE
15  a support screen affixed to an inside wall of the adsorption vessel where at least a first
section of the support screen has a cross-section in the axial direction that is arcuate
such that the feed stream to be purified in the adsorbent vessel passes through the
support screen and is in contact with at least a first adsorbent; and adsorbing at least

one component out of the feed stream resulting in a purified feed stream.
20 BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0026] The foregoing summary, as well as the following detailed description of
exemplary embodiments, is better understood when read in conjunction with the
appended drawings. For the purpose of illustrating embodiments, there is shown in the
drawings exemplary constructions; however, the invention is not limited to the specific

25 methods and instrumentalities disclosed. In the drawings:

[0027] Figure 1 is a cross-sectional view of an adsorbent vessel comprising an
exemplary adsorbent bed support system including a support screen, in accordance with

the present invention;

[0028] Figure 2 is a cut-away view of Figure 1 of an exemplary adsorbent bed support

30  system, in accordance with the present invention;

[0029] Figure 3 is a cross-sectional view in perspective of two support screen plates

welded together to form the support screen, in accordance with the present invention;

-7-



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0040] The foregoi ng summary, as wel |
as the followi ng detail ed description of exenplary enbodi nents, is better
under st ooslowham3s@ad i n conjunction with the appended drewmiGrs11/d56877t he

pur pose of illustrating enbodinents, there is shown in the 5draw ngs

exenpl ary constructions; however, the inventionis not limted to the
specific nmethods and instrunentalities disclosed. [0041] An adsorbent bed
support smnse]n Flyate i4A st exérbd;sasetauoaaicwmvwfaare adisbrbente néssel cbhneristng an
expansi on vi ng aX| i.ded erforati e

conpr 51 ngaredagiiRu st vies $oRLASEN BBl hoi bRl it iR

t r ansver spresbebindmntion;y provi ded by 10 the ability of the support screen to
change its curvature is disclosed. The relatively thin support screen has
signi ficaf03dir Eiggteh 48nd 8t¢rUSH-SHCﬂiblhé}4 view egfr ant yadaortbeois essset wbmariging eamsi on

to suppor wel nd the ht of t S

di scl gfgs)ed%)z(icfE ?'yeﬁﬁ Oerg S0 por\'\f ystgeemt%{oggs'ﬁg d)r(geg/ tt'Pe é?ﬁ'egctoﬂréerbgans
f or suppoekpaasibn| v acasidbyceatittathiequietent inhentatisor bent vessel or shell by
wel di ng or bolting. Because no 15 structural beans are present, there is
no obst ruf038h biguteh®A gmas sectonkl dewby petspestiveut tanratisotbeatmeessesednprising n

1 ow and PRORTRer: sulbelofctihcadhaiBra G ookl aokhoh | o fs

pressure deapdaceadth théprdseot iavahtiah]l ow for relatively thin beds with |arge
cross-sectional flow. The apertures incorporated in the support screen,
wher e1@ he[0038] t Givess ﬁ&ys beeliwhbyisw i cpersegaivplcé anrpgotbent peasebcommprisirgl so be

covered wif hﬁ%ﬁfé@ ’suLPrp%?tr &t |e A SRt O%Q%EBQI Eh‘a'nﬁ%rﬁ ds%%ﬁorli he,

apertures. frades ex ary a ben support
system 1oecwmreeavﬂ$tup@pretsemrmmltrmck screen 102 is incorporated in an
adsor bent vessel 104 in accordance with the present invention. The support
screen 10p0034] afigureedCtinatseetianatvide in Z)Brsmestwl ofvgal dbspd@nd fegshbcamiyisinge nt

vessel 104t t e b nMR t hi ck
and 75 mnéréleé%w lr%?)tl 88%3\@ %rﬁdqﬁs ﬁnegd lLé Eﬁgl%%ngﬂéén ssﬁeﬁggr}t screen
102 h&s aamcseﬂhtMDtaﬁGUMQvemtloal directi on that is arcuate (e.g. forns

a curve fromone side of the inside vessel wall 106 to the other side of

t he i nsi dE0038EsElgugabd iqe@ecticml viswdn iparsphityedd soragspiaent weasel eomprising
appended a i m of __ashow or a
curve, |n§{1aéﬁgplég te ry ggie\%sgrgdr v ﬁra{%gl??]vreéggrbg@@.hfa%@b@u%e%g?g Screen
102 i s conecovdangp withghe p¢e§§tﬂrla\t%¢i0hn Figure 1. As illustrated in Figure 1,
the adsorbent vessel 104 conprises two openings 122, 124 for the

i nt roduct [AM36hnHiguebviala perspettivef\des v§thr @ anaistiad isgctiangb mignaol am abserbants,

depengh N9, Q3 MBhPRSInG NEn Skemplary support screen, in accordance with the present

invention;

[0037] Figure 7A is a sectional view in perspective of an absorbent vessel comprising
an exemplary support screen and illustrating an exemplary transition section, in

accordance with the present invention;

25 [0038] Figure 7B is a partial cross-sectional view of an absorbent vessel comprising an
exemplary support screen and illustrating an exemplary transition section, in accordance

with the present invention; and

[0039] Figure 8 is a flow diagram of adsorbent vessel comprising an exemplary support

screen being used in an adsorbent system, in accordance with the present invention.



WO 2011/ 138612PCT/ GB2011/ 050877 bed is operating (i.e., performng
adsorption) or regenerating. The adsorbent vessel 104 may conprises nore

t han two wpenimgse12f or exanpl e. [0043] As illustrated i rCEiGBE/R0877he
support screen 102 may be welded to the | edge 108 using a fillet weld 110.
The | edge 108 is welded to the inside wall 106 of the 5 adsorbent vessel
104 using full penetration welds 112. The support screen 102 may al so be
fully welded to the i ndERANERTHSORIPTIAR®RMTHEINYENAMEONISe of a | edge 108.
O her types of welds or traditional nethods for affixing the support screen
102 to t hfpo4eHgehd OBregoinghsumalary, 186 well tkethee tiglewho8 detaildhalesadptive vl |
106 may al)e @e u%e% dII nc udll nget (?I t| 10 (?[v%oeé}f”r T & sup unc{) Seree 102
desi gn, i T U ?ng 41l ape an sqo‘tjted B%tern F3%W i 'Exibl e to
accomodatppahidet eiraamhgalerhlee paripoe«p&ﬂisstmtmbeﬂmtmdnndzdte themepsrshoworiedre 102
:Q?alt h% rgatwwgg%nex mpaa con gtl‘ucftlﬁe 'l n rﬁ érlu L|’]n(§i/ Etﬁoarmnfsveogﬁle |t?8 tg %e %@ecmc-rhe
char acternmdnbdb;andnns‘trummragtlemdlso{osedal ong the length of the adsorbent

vessel 104 from one head 120 of the adsorbent 15 vessel 104 to the

opposi ng rmm] 13@ agfsottleet held supmnt sysarsdhatli®flexibleeta acnosvesdaée difieesrtinon, as
described I r

di rect i on'eing palidh e B L abLERY sy BEBTABLan bebdBablido o

its transvtagge*eﬁlaegrtMetsldrylcss mrrtbefsupmrt h@esmpp@nmnwsﬁeﬂemulmwzrmmbyy to
chang |t cyr. e r. e openi ngs
116 pgtl)’ i Se al |I¥ght"{h§r3éj§g§r}§ rﬁéggﬁér](?% |Fs u?va‘?grte |9 dt&%lo%gg %hgtréat%{ey tR%

sl ot s 116sumportas@eerbbas eignifedninsttdngth aed rstruf:tuteh\Ie iptzptiycdrelsuses sdstrdoent ar e

| ] 2
St oot b 0 Ul RGP TUR 0B PN TEA0” TR GBI 52 °
i |1 ustr at edsarperfti tgadreupﬁ)ortTMtenh dtoeedwoplramelze &tMtwmybemns foreSme@rttancf)lsrret ers
in | th_jn.t | e t1 I 25
my. oe%s "SRR, L ABELOR vl SO By oFid oD Sh8hed 6 2
exanpl®. Shectebbibrensphrat pesarild tiere wehaetstrogienhelr then gesagusnitew doy thet h a

w thout 2 iihBoannTesSHIEM SradlTbuBNeRsIn B 1y ShadtBed BRGHRFL,
wel ded ortrtaaogamd)psffm endrt’pda eaupp@mzsﬁ]eeﬁheTbammmdth §bweazmtte£t®§ redultninn@irves t he
e ot Bfbs T 0B8R He i gB P RFHLAY 13 b B RAS oY pf8E sEiBh | oM

fabricati ces e su een j ec
t he sane towf e'I'rhenaweilurwmaowom’ned mstlnessuwoa stcre:edl, wiherea theagisotulpesn thalg dub

supposd sysie y. p reen t c or
cvon &1 iRkt B oREf AT BhosBRRIhby 3R0AR ARG MATH hER el iRt B3 2
syst ens bemaUeeougmdofammthBM%T/ GB2011/ 050877 support screen 102
does not slide on any supports. In a typical TSA design as described in

Exanpl e 1[0048k Eigppeorit illsgiratem eweinplagx pdsoreeniebadasybpayt sgstper 40U mdsrarsd
D e oS shlA P i, SYEh© 9P hi Byl BB 5420, i
t enper at uaeccmcﬂar@ppmltbb(nhﬁmreeeylt 91ve:nt|on The support screen 102 is affixed to the inside
25 vessel wall 106 of the adsorbent vessel 104 through the use of a ledge 108. The ledge

108 may be 25 mm thick and 75 mm deep, for example. As illustrated in Figure 1, the

support screen 102 has a cross section in the axial direction that is arcuate (e.g. forms a

curve from one side of the inside vessel wall 106 to the other side of the inside vessel

wall 106). As used in this description and in the appended claims, the word “arcuate”

30 means having a form of a bow or a curve, including catenary curves or other curved
forms. The support screen 102 is concave up, as illustrated in Figure 1. As illustrated in

Figure 1, the adsorbent vessel 104 comprises two openings 122, 124 for the introduction

and removal of both feed streams and regeneration streams, depending on whether the

-9-



5[ 0047] Figure 4A shows that the support screen 102 has a noderate designed
devi ation AX1 during the feed step. During the purge step, the pressure is
reduced awog 2bhei3saapport screen 102 is subject to much hipgliayB20eImBes7at ur es
whil e the adsorbent vessel may only experience slightly higher
tenperatures. Most of the heat generated by heater 46, as illustrated in
Figure 8, during the purge step is consuned by the adsorber 10 bed;
however, bedris gpesatihgdi.e. heeafornmrigl adspidtiohher ragsamraterg. biee abtisorbegt vésseplidge
step and wi | | |nevrtab WA ﬁ% t he su ggor“ screen. This dramatic increase
in tenpergpdfgnmw S 1'81% Qa? °¢ t '8 e to expand. The curved nat ur e

of the pr d pLi scr naturall ow_t he S S ento
expand anﬁ)(bg§fl UIRJ(% u(ge\g' t)h s?utpp8n SPF 1m?¥)b (g heq?f%et ed in
Fi gure 4B10Rwsingl auﬁrtletaWeld 11r® FiTgerledgeA18 ds Wegierdeto4iﬁe ins{@e \mrdlll 10615f be

35 ehat | Srgeotibivestet DAL TuORRREE G H0ao2, nihe el Fnd B2l 71

may be verlgodeelily weldedod thleenm@mvassbl wall 60& h/ﬁhd)lumwmueg/ef a HugedXamitber shown

in Fi ur e, 4A Fi fidcal th f 2,

are p?ovr cYé’Ssﬁme' g'r’{r%drflonal tTrepoosog ft')g}gg [%(ﬂfg?orgg?re prpto the %deg%gf(bgrbr\él ary

support sor denwald2 OBsarahérle(dsge 1@8 tdﬁthel bdige W&B10hatay @60 rbtem;sedl orotudiriye

peri phery { the inside vessel wall 106 as illustrated in Figure 6. The

support 58 €% 102 is under tension once adsorbent material is pl aced upon

the s o] r or. er

cont 1 A5t 1 90437 7 RE s sV, 05 o3HaR dhbudy BF 3ufse Ehd. SORER eh by i

i Il ustrat tdbe ﬂeﬁblgtﬂmcamnvmdale diferential tiermal e*IBnanon@Ietvdaernebe su;nrpor’eembetnhe

Support S65£3a188 AisblhefVREAE" oA T WAIRAPERE 1AGAGLL AoGRHS e BRal e

support screen1 nove nore ovvar ositron T I1'4s te Fi gure

4A. VWhen tlinectisnpgeoddsceioedizsreinx pieallineerre selbtedo, rmlbemhpaam:@rmad bf/orfoemmgpalne due

to increa e t r at |

"cl ose upg&gj q%ﬁgﬁéj(‘% g# f gf trhtgc qsgnb%hﬁdéstjs % 164 rB'r% n%srge?aede1r?O%fgtHE}%Idgorg;é(41 and in

t ransV®r seestiel 404 itorihe apposigy thked Slaﬁpnfrmesudsemenméssteb 16%v el e bans\,ie&e

'toﬁs' tion hf?ecﬁoﬂ de%.Bé’d ﬁ%rg.npgﬁ;;u%&% c%%h%te?dendféuﬂ W't a5 a‘>‘<Br d?&{tBR‘“’] I n
e transverse |rect| feren sion o screen

102 r el at The staggéred s@d@drplaﬁem presdas ax]zozulexrbrlrtyordolmmdrahev:erm/flembrlay steplsy

smal | chapges r.t i n
di fferent ﬂgﬁ tgﬁ%a&fggﬂss%gegﬁgc%i?gw@i tg eggra e \%agurgel Zﬁ% 7a§1pség§ ehit eri al
t hat has arcateslf by Hieesibtsodr dpemies ‘e1>6paermrterslrghtnpr1ea$ure alrohatros$ thdreuppad

2011 J3B01ZEGTH B2 ORI LARORKTcRa0! BEL. ERTR o106k FLHERIcicd I chBele!

necessary or even essan vedder s are conp car bon
st eel, therees‘mﬂlbenqughrtcsfahmrbeghthat the support screen 102 IS made of a
ferritic all oy, for exanple, so as to have a conparabl e coefficient of
expansi on[0086D0F0¢ sRerrat séragn t1A2 ncayeddmprisena sivblet drea rmwral'ewpmlsttem platgse) ,

ferritic $12ebanRln RS Whd s RIS itk 8 THOSIHRL oEARENR O, LRA s

simlar to or I Cl en expansron of car on st eel
i s prefermeteroveb ragtersuistiemgth ircthstaxéd! directaal Foy, exahneleco‘éhier slottechplatsfs tHer mal
expangi on r I t t he
adsor%éent %&ssefﬁﬁ%gﬁe%aﬁsj@e % "W& e%aﬁﬁ?gang\/&gé ds %CS[BH %?%XS,Q?FE gf:hr een
102 wi || sloGedlpaiss 1dérarai \melylecbéogﬂtlgerern c¢mrrnqtlhratWItbr atbm:kmdssirlbewﬁ verssel

because t t : t p
screen t hgﬁgrﬁpl%}v\een tﬁéy %gég) %énd)%?ﬁxe'&é%&)ﬁg. | 3@%“%&?@8@85@ ig‘?egtﬁelOZ
may be nadletted plplestid 4meavadise hastithiawelsedor baltedpfarexamgleeci al pattern of

slots or openings 116. The pattern may be a slotted pattern, for
[0046] The support screen 102 eliminates the need for any sliding seal system,

30  packing of joints, or design of tight fabrication tolerances. While the support screen 102
is still subject to the same differential expansion issues as a traditional adsorbent bed
support system, the exemplary support screen 102 dramatically reduces or even

eliminates the large frictional forces generated in the traditional systems because the

-10 -



exanple and as illustrated in Figure 3, or a pattern that provides a | ow
stiffness in the 15 adsorbent vessel's axial direction, while maintaining
a near nowoabiistssfibness in the transverse direction. [0@62]GBA811d38877
conditions in the bottom of an adsorbent vessel can be quite corrosive to
pl ain carbon steels, a corrosion-resisting ferritic stainless steel, for
exanpl e, may be useful for the proposed support screen 102. 20[0053] The
support ssmmmrt d€r2erc aRi ésed het ekdegloh m‘fy tshmocmsisorhb@myphmd TISA esihn aase

tension i ra rection esul t of t he support

Sor een 109eafed i RRFEPROLIYE RS eofoRn Jul SRbtends BDIRLIEABRHY, be
only 6 mmptessurs mhimughwk;tsW@e}mmraﬁlooormﬂmghheféerdasiem|tbeahprbdra*s<:rsenr adh may
be required to be

of struct 8¥paﬁ“egaepa(19ﬁssure.Oﬁézf?ﬁ"ﬂ@nﬁ Aafismiraged S rfceevﬁ%e@?pﬁdc}f't s bel ow
1

ener oy t o I0AZ] EREREan SRaws SRS SPhet sy SR reReT ol B o

i nt er f er edewigdtiont ¢, cgmgftlh@medﬁdtesm Dbemgathwqoun@e stepptbuetprelsststum:tsueéuche.‘si and

Racor pant eeaTapHPBREe 168 e Rulidtt RN HHa? ERENGEReS WG b8 cuBfipent,

smal | er vesssel may boly Gngm@[E)B s;bghitydsghadmmyperamyeéoel\/lusmxﬂ the3ieah geaeraeddfy t he

cubj ect  BoREEs o MuFRE Pio e g UG DRRTAIEERRls GEFFRRo R RIsdtbs” e
di st ribut bedt refweyas somet r’eeldaalsfmalbwnt exnemsealdsm(b)ér ased duries thet puwe istep and

5011 1560 1RERAES i b3 R rpBR 3! SFR e increase Jp temmeraiure, il

support stdrmﬂns: suphert keradn 1@ 8xefndt h'ﬁneadﬂ'mobmwrevdstbebroméed suoeicscaddny

desi gned a i.n FEi n The conn n of
the. Stmoo ! delurdy ARkE e sUond e '@ nd Sno Bfee! SdRuariIE o2 BRARR Yo, e,
of ways. BXi&tAXi aeillsstppped in Rguredi. 14021l nsnatesd mﬂlgurbéAmmij FeguredBi, AKe wilhe
head (& 180 and. Gt 19, Sidhobe dished head, Esl s and Then pelded o,

G reclTy B8 offiferiien h&-<H ool Bt penad A%y RO £ty f A SoW s 74
and 7B. Steamgnf\defletcﬁ@msctontweeﬂ A&imandl AXhehs dpfentions o reelity 182y bevetyesrimmhdlzo
can be nm ngi 1 n segkion
126 as il ust?aqn%c?%? {OFtﬂgur énarAS%S e‘l% q'?pﬁ%sngq V\?}'oﬂ @%ﬁ'{el ongﬁdzglg’rurae[ £é%es t he
profil e ofnd beedicplhothe ds:ﬂetﬂlens AQIZaodlearedgmdadcﬂortdxampmﬁ'y plrposexdgdy.108 i n

10t he di shed head 120 on its other edge. [0055] One formof this transition
section 1[048] | Fasexamel the ekergplry Spporwyreasd 02 is afikéd betbeiledgeofO8athbtar ger

di sh | , |
b oA g gt b RRaRERL PO SR NLLEY RN e I ARl bORet e
smal | secsugporicfcreeme! nisckber tengiom bhee ddaogeant diaddred isgnakcedAgoorthe guprdvet t he

|2 ger i shedy b9 SRloNHRe oy ELON, BOLARIIEYicrhkPEo B 0Ly clfifplinuck e

segnents wou ormo ransi |dn SECT IR 126
may use 3deott dmreasedtiéroparatuirdd, thet slatisdd6j lﬂuﬁlagﬁtd’le Figure B, witldopércag’iimthet o

Lhi s SxerBkal drRIBRUIRAL dSolOLaLhe (65 PLLARR: SPRLIQRA HRocOIR e one

coni cal section and
t rans23 i othessuppiodnsct@gh d62ltd roovgpnicse towards dbsmsutlalh liNustritedt in pigarel éAwher e

11 ubtr ot SR st ol SeRBocl IR eBitnsiohy o SPRRE, IS8 WEelg 106

may conpr teseeraturesy thecslbtspibeilluainated irh 6iguren it wlll ‘plselupi’ In thet axdl edrectionFi gur e

Po, T ARl MRS AR TRt B et

may be usedeem102 fo move fromttize pesitimeh §jgurerdA dalthegposition illustrated in Figure 4B.

30 [0049] In the transverse direction, the differential expansion of the support screen 102
relative to the adsorbent vessel 104 is accommodated by relatively small changes in the
support radius Ry. Clearly to minimize the differential expansion effects, it is desirable to

select a screen material that has a coefficient of linear expansion similar to that of the
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adsorbent vessels with a diameter of 3 neters to 6 neters, for exanple.

support screen technol ogy may be applied to any adsorption system

r egar dl eswoab1vizsesipr essures, tenperatures, adsorbents, ecrad=orihsisgs u
[ 0058] The support screen 102 may provide nore uniformflow path | engths
than a 30 conventional horizontal TSA bed support configuration and nore
efficient adsorbent bed utilization and operation as there are no support
beans to abtsirbert tvetded 104 onowdved 381k idabl mecbskérytw elvbre epsemtials STypicaiig JSiAes f or

an air

1 “Uni ¢ < VBB G RARELONRLEST B, netiora juoeer bElT Rt

40 5 to 1lbs made of a ferritic alloy, for example, so as to have a comparable coefficient of

10

15

20

25

30

expansion.

[0050] Regarding the coefficient of thermal expansion (cte), ferritic steels or alloys with
a coefficient of thermal expansion that is similar to or matches the coefficient of thermal
expansion of carbon steel is preferred over an austenitic steel. Ideally, the coefficient of
thermal expansion of the support screen 102 would be a bit less than that of the
adsorbent vessel 104 because the temperature swing of the support screen 102 will
almost certainly be higher than that of the adsorbent vessel because there is better heat

transfer between the gas and the support screen than between the gas and the shell.

[0051] The support screen 102 may be made of plate metal that has been cut with a
special pattern of slots or openings 116. The pattern may be a slotted pattern, for
example and as illustrated in Figure 3, or a pattern that provides a low stiffness in the
adsorbent vessel's axial direction, while maintaining a near normal stiffness in the

transverse direction.

[0052] As the conditions in the bottom of an adsorbent vessel can be quite corrosive to
plain carbon steels, a corrosion-resisting ferritic stainless steel, for example, may be

useful for the proposed support screen 102.

[0053] The support screen 102 carries the weight of the adsorbent bed in membrane
tension in the transverse direction. As a result of this, the support screen 102 can be
relatively thin. For example, the support screen may be only 6 mm to 10 mm thick,
whereas a comparable traditional flat screen may be required to be 19 mm to 25 mm
thick and also require an extensive array of structural supports, including I-beams or
prop-type supports below it. The support screen 102, consequently, has less mass, will
require less energy to heat and cool, and has no required support structure below it to
interfere with the gas flow. Also, because no support structure is necessary, the support
screen 102 may also be mounted lower in the adsorbent vessel 104 allowing more space
for adsorbent material. Hence, smaller vessels, for a given process duty, may be used
because of the additional adsorbent material allowed. The support screen 102 may also
be subject to less of a pressure drop and provide for better axial distribution of gas in the

adsorbent vessel 104 as a result of its structure compared with traditional screens.
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Air Feed Tenp C5 to 60 10 to 30 Purge Inlet tenperature 00 5 to 50 10 to
30 Feed CO2 ppm 100 to 2000 300 to 600 Purge pressure bara 0.3 to 20 1.05
to 3 [0080eiies@upport screen 102 may be enployed in the/Gaisordsesty syst em
illustrated in 5 Figure 8. As illustrated in Figure 8, an air feed 10 to
be purified is fed to a main air conpressor (MAC) 12 where the air feed may
be conpressed in nmultiple stages. Intercoolers and aftercool ers (not shown)
may al so [5dhpheyét allmodzorjtalivessed betvistippdriezresmisnthaihcad dapvetsadsdbentA
nnected o_the

condense P38 ' hedly PREGATE: DOl I ERBrcofaRF kg 2Ra 747! Cme
connection of the support screen 102 to the vessel heads 120 can be achieved in a

number of ways. First, the support screen 102 may simply be projected into the head

5 120 and cut to suit the dished head profile and then welded directly to the inside surface

of the head 120 as illustrated in Figures 7A and 7B. Second, the connection of the

support screen 102 to the head 120 can be made via a continuation of the ledge 108 and

a transition section 126 as illustrated in Figures 5A-5D. The ftransition section 126

matches the profile of the support screen 102 on one edge and that of the ledge 108 in

10  the dished head 120 on its other edge.

[0055] One form of this transition section 126, illustrated in Figure 5D, may use a small
section of a larger dished end. In fact, the section required to provide the transition
between the vessel dished end and the support screen 102 would only have to be a
small section of the knuckle from the larger dished end. Assuming that the larger dished
15 end was of a crown and segment type end, only the knuckle segments would be

required.

[0056] Another form of transition section 126 may use 3 conical sections, illustrated in
Figure 5C. A modification to this exemplary embodiment is for the transition section 126
to comprise one conical section and two flat sections (not shown). A further exemplary
20  transition section 126 could comprise five essentially ‘flat’ panels where the panels would
be curved on one edge to suit the support radius as illustrated in Figure 5A. Another
embodiment of the transition section 126 may comprises a vertical panel and a
horizontal panel illustrated in Figure 5B. The vessel transition section 126 may be

made of a perforated material, for example, or it may not be perforated.

25 [0057] The support screen 102 may be used in all horizontal vessels, including
adsorbent vessels with a diameter of 3 meters to 6 meters, for example. The support
screen technology may be applied to any adsorption system regardless of the pressures,

temperatures, adsorbents, or adsorbates used.

[0058] The support screen 102 may provide more uniform flow path lengths than a
30  conventional horizontal TSA bed support configuration and more efficient adsorbent bed

utilization and operation as there are no support beams to obstruct the flow.

[0059] Table 1 lists the process boundaries for an air separation system TSA design.
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10 conpressed air 14. A separator 20 is then fluidly connected to the
cooler 16 to renove water droplets fromthe conpressed cooled air 18.

[ 0061] Thwozepamsdier 20 is connected to an inlet nanifoldTAB20TI0030&7 NI NQ
inlet control valves 26 and 28 to which is connected a pair of adsorbent
bed containing vessels 40 and 42. The inlet manifold 24 is bridged
downstream of the control valves 26 and 28 by a 15 venting manifold 30
contai ning venting val ves 32 and 34, Tdbleh serve to cl ose and open
connections between the upstream end of respective adsorbent vessels 40 and
42 and a vent 38 via a silencer 36. Each of the two adsorbent vessels, 40

and 42, contdins an adsor anttsbedeferfredeahggconMabhbMeWubraﬂmorbents (not

shown). The upstreamp on—ef—+headserbent—be Atat-hrs—anr—adsor bent
for renoving ;Ee[egrpree%qre L8381 e, |48 M ated 20 aﬁﬂnﬁa or nodified al unina,
and t he downsltAiegee@Tempon° of thesaglser ption befso tocdmt ai ns adsor bent for
the renoval of-carbon diokide  fpr exanple —zeolite for renmpving{002, N20,
and resi dual MR IABH hydrGcar bpr& S0 [0062] Thet%ibarat us has an outl et
44 connect ed [ttemipepatdwnstream ends of the two pdsorbent vessels, |40 and
42, by an outllet manifold{ 46 containing gutlet control valves 2548 and 50.
Qutl et 44 is |diRedPy conhRed t OGRSt r ean] PYOOLY ng appar afus, for
WO 2011/ 138613frgeCBZ0TT DRER 77 FEBNHDLE, a CryopepsGo 8 r separatof (not
shown). The qutlet manifo|ld 46 is bridged by a fegenerating gas nifold 52
cont ai ni ng red¥RePHLI ng gps contfol valves 54 apd 56. Upstream fromthe
regenerating gas manifold 52, a Iine 538 contalning a control valve 60 al so
bri dges across the outlet manifold 46. 5[0063] An inlet for regenerating
gas is proedpdThé s@@pdﬁf"%&é’bn "Fd?rrﬂHQBe%ﬁMdy@H |ﬁ/ﬁ‘1|evé%§or@@nﬁ§y§t(§t$|IIU§tré9(9d“I?19Ct ed
to pass elther through a heater 70 or via by-pass |line 72 to the

regene? at Fi9yregls AelibigFated in Tigure égé'h@ﬂrdcﬁ%ﬂogtasbeswr!f@gl'§ feds toBtBRIAEAY from

the dOV\ﬂSEérﬁéﬂ@s&Fr%@&é) g \ﬁﬁé}%rﬂabu§|rff§9d B¥ayouk! &imﬁ’résse[dof?ﬁﬂ]ultldib %Ba%'e@t' on,
the air feed urified is to a’'main air conpressor 10 where

it is conﬁV%’§§‘§ﬁS 5\‘r@ra‘c re (”qtﬁhﬁ‘ﬁ'ﬂ)tmﬁy élsetbggegplommaﬁqmuméw W@h Hgy be

further caphedit BsRp@ssdrhe2 USR éﬁolérnﬁérrﬁ%mt%r ﬁu.awdc@iﬁeefeeow Hes n(dwta.rshowm
that heat exchange with water, for exanple. The Conpressed air feed 14,

opt i onal | OMAR$SAhEA 19e cendpngspopledpash sOBW of the walehsvaper dvRHdhe ecofled east
sone ¢f t B&ng@ §éd é(lﬁl@@r N‘§é2i§‘rét8re2(9@q}1§rdflﬁelg%ﬁﬁ§&éh & the chBRr 46 Pr&ssRA
cooled air to a separator that 15 renpves water droplets
fromthe wa%ﬂe&féafr@@dheeorapﬁesa I corprd @f §B-air feed 22 is then fed to the
inlet manifold 24 where it passes through one of the two adsorbent vessels
40, 42 co0%ilhi hge éﬂ@%f?tﬂ’ér?@ is gpanQGteryta %m'%t qa@eioiol &h Gantaiping fnlef gongrel

passi ng t haeebe %HG@SVté'\Mﬁcr?—% écﬁm@@t@@rabﬁ‘élﬁ olV&ssofdert Bed %Bﬁtatrmgf\‘/’éﬁéel@,pﬂﬁ
valve 48 to the out] et the inlet manif just have

been cl osaed f‘% etinist mav@@@ 814 'm@'qgﬁeﬁpvvﬁetrmobm cPRiER] valyes 26 ang P8 by a
purifigat bé’rﬂmg%ar{lﬂ&o%(ﬁ&&ﬂﬁnmg@b?#ﬁg; ilvesHD aR034, Jdhicradtivath @b ald odrosed.
The adsorbent "bed 40 is on-l1ine and bed 42 is to be regenerated. [0065] To
r egener at EOHEtions batweemiBg yrsireap nd gbfnseediyriasdaerbsyt wHesls A apdre@ndd  Once

the pressygg s'snv.é hesikBesels. 42abnsr fhal thenadsBrirntl@sdseRd 40 @wal 42, ¥ahtdRs3h 1S

kept open whils
adsorbent bed preferably containing two adsorbents (not shown). The upstream portion

of the adsorbent beds contains an adsorbent for removing water, for example, activated
20 alumina or modified alumina, and the downstream portion of the adsorption beds,
contains adsorbent for the removal of carbon dioxide, for example, zeolite, for removing

CO,, N,O, and residual water and hydrocarbons.

[0062] The apparatus has an outlet 44 connected to the downstream ends of the two
adsorbent vessels, 40 and 42, by an outlet manifold 46 containing outlet control valves

25 48 and 50. Outlet 44 is suitably connected to a downstream processing apparatus, for
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val ve 56 is opened to comence a flow of regenerating gas. The regenerating
gas wll 25 typically be a flow of nitrogen that is dry and free of carbon
di oxi de obbDabnedsfieom the air separation unit cold box EoUiGERDVIFIST7

possi bly containing small anounts of argon, oxygen and other gases, to
which the air purified in the apparatus shown is passed. Valve 68 is cl osed
and valve 66 is opened so that the regenerating gas is heated to a

t enper at uexarofle, & aryogariopiresepaiorGnbiedtame) pEEs dullpt inrdntfold s tsd:ssiged H3.a

Al t hough the re enera enters the yesse t the d

6l evat od tehpelrd e Hotod S R G Py BRbE R, caiftof NaheS Sheatt BB
desorb catJbstnea]In momdeefreg]a“netdtmglgapemamfdtdvmstarlmarmmmnteilmmg afcohtd@ vatle@Obent
in the vegs Since t @\ 463 consuned in the system the exit

pur ge gas Pa?F&%%S 193 ?\8“ aunltiJf?i@I et 38 in a cooler state.
one. of 1 nERESL n SANPTioP RIS Sk s wiOyRe B0 Apish B Gefrient éﬁ%e”va%a Y

NaX, NalLSxnd HaYs c@nﬂqecib@,toam&s&ﬁher @'mjghm/heattpliWOaVﬁalmgyeassjBrmB%mthm‘ the
k| nd descr| I No.. 5,.7 767 ep et al.
e e el SRNIPERAY M TackReRn B PBekn & Bl st )
V\hl | e theda\pnpmreatrusrpcmtgempaaatmsf}edcw@slﬂetch%cl osed herein focuses on use in
vessel internals that are preferably used in Horizontal TSA (HTSA) systens,

not hi ng cf0964] nhrdo;bmrati;im the gir tfeed m(etcappaxusiﬁedsts fsgtstb anmainaidcpnuessse t o

et ullE % Wt i ess SRt S, ndRRage betbs' J5e IS R Lk
vessel subpaed troughhtbenek of ntergoele saarsd afte/rmniﬂrs duodti shown tvap heati exgharege
support SW Watgj ffé)rxgga et hﬁt ac?rﬁ rgé e%nal\r[?§§06114sg§t1g|)%giyutrﬂa&;pt nr@e sﬁw ng

expansi on raction, Wher ei' iy section of Screen
ext ends atooied & dcﬁqlmr1t6| spnasofo (tdmdem@r@tldaasbfsomlee)fahjswam Naporvf&mstﬁe @ogdect to

ther mal SUMg8X0R0R! A0LCONBELLONA, Lher @il Hordld Rl LOLARTLLIRRLSSS

apertures perm gas per nreastl on, t(ﬁ‘nv\)ner 2t | PSToFSeCt 6n 0
suppotd socmeames meradroplessnmdte mmwrassddecoa)iedaalr tB.r €b¢ donait featl A29s ghrapuat e.

#2. . A.n adﬁe%ztg?t% |nYe‘ta’ ‘fola%% tgérgﬂ(g)%gs%:lthrougﬁt ngrof %WBiaﬁk&gﬁe a§g§g4

positione along e perip ery e surface o sorp91on
vessel sub? e;otltatrmg adgonzdnt.s \Bitarting krpena positiaoimt which iagris aaskiad throwegh odesr et o

such that i LLi QRe first d
such, hat b0 2B ROBA S0 PERIRRRa AL P ORANE Suneiel
t he | edgethe Bt manifeld salt juehhaveesselclased do diheff vessglldDfromahe \Mealeferedtﬂe
SUPPOSY  SESESMlifikstion. At this stage, valves 50, 56, 60, 32, and 34 are all closed. The

adsorbent bed 40 is on-line and bed 42 is to be regenerated.

[0065] To regenerate bed 42, the bed is first depressurized by opening valve 34. Once
the pressure in the vessel 42 has fallen to a desired level, valve 34 is kept open whilst
valve 56 is opened to commence a flow of regenerating gas. The regenerating gas will
25 typically be a flow of nitrogen that is dry and free of carbon dioxide obtained from the air
separation unit cold box (not shown), possibly containing small amounts of argon,
oxygen and other gases, to which the air purified in the apparatus shown is passed.
Valve 68 is closed and valve 66 is opened so that the regenerating gas is heated to a
temperature of, for example, 100 °C before passing into the vessel 42. Although the
30 regenerating gas enters the vessel 42 at the selected elevated temperature, it is very
slightly cooled by giving up heat to desorb carbon dioxide from the upper, downstream
portion of the adsorbent in the vessel. Since the heat pulse is consumed in the system,

the exit purge gas emerges from the vent outlet 38 in a cooler state.
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25conposed of a corrosion-resistant ferritic steel. #4. An adsorbent
vessel according to any one of #1 to #3, wherein the apertures are slots.
#5. An adworbanmtssaessel according to #4, wherein the sl ®@C3/GB2011/050877
substantially perpendicular to the axial direction of the adsorbent vessel.
30#6. An adsorbent vessel according to #4 or #5, wherein the slots are
arranged in a staggered pattern. WD 2011/138612PCT/ GB2011/050877 #7. An
adsor bent [0068F e Thaowteatiangicve zaolite omey of amlorieooftbosankreavai for tHie papesd r es

are arranged_in.a patter i t o] reen wth.l ower

si ffness ?#ﬁefoéaeg‘S?‘BEGn{b%t%Q2@%@’5"’3&?3’& i ’Z@g}p’oﬁ}\t aénai‘% 5%'5%?%&%)’& se
di recti onempt§. a Ainghel salisbrdpht ve $tee kingc degotibed) ih,ofoanaxaopée, ofl. St Pdtent#No.

wh i t t furth i a. t J L i

R Tt e Y
vessel5 f onlnmmirga)a pocket in a head portion of the adsorbent vessel. #9. An

adsor bent vessel according to #8, wherein the transition section conprises
apert ur es[Q067n VhHilaghgappaatuse aystem, addgi@egndiadesedbereinviesssds @cose o ng t o

e T Ly R W

adsor pt i ononteisse herein liifslthe Appadiisy Hyestems; @sd procassas tdisngh tige.any one of #1
to #10, wherein the support screen supports a bed of adsorbent conprising
an adsor b68} ebLcdrdingly] epseas fof dime pPheseh b grveatiore oelidst thagfotddwinCaépe@al SX,

NaX, LSX, A , and 5A. #12. An adsorbent vessel according to any
one oW#l%ﬁt”Bl}%ﬁ,#%vmgrﬁéi n the support screen supports a bed of adsorbent

compri singya_des),ealbofiveibdlisiRedh Rl maFAINELEh ARl Raction, #13. A
process for separation of ‘a gaseous m xture carried ou y an’ adsor bent
20vessel sobprgitg:t o thermal swi ng expansi on/ contraction according to any

one of #1 to #1g'suppor#§t:4eeﬁa‘afﬁ>r<eooct%%ﬁe g&&o%t%n%s&& sﬁﬂfjgct tWé’r%iaPS\/Eing gaseous

m xture is air.
expansion/contraction, wherein a first section of the support screen extends along a

15  portion of the length of the adsorption vessel subject to thermal swing
expansion/contraction in the axial direction and comprises apertures permitting gas
permeation, and wherein the first section of the support screen has a cross-section in the

axial direction that is arcuate.

#2. An adsorbent vessel according to #1, further comprising a ledge positioned
20  along the periphery of the inside surface of the adsorption vessel subject to thermal

swing expansion/contraction and affixed thereto such that the ledge is positioned

between a first opening and a second opening of the adsorbent vessel, wherein the

support screen is affixed to the ledge.

#3. An adsorbent vessel according to #1 or #2, wherein the support screen is

25 composed of a corrosion-resistant ferritic steel.

#4. An adsorbent vessel according to any one of #1 to #3, wherein the apertures
are slots.
#5. An adsorbent vessel according to #4, wherein the slots are substantially

perpendicular to the axial direction of the adsorbent vessel.

30 #6. An adsorbent vessel according to #4 or #5, wherein the slots are arranged in a

staggered pattern.

-16 -



#15. A process according to #14, wherein a feed pressure of the air is
between 3 to 40 bara. #16. A process according to #14 or #15, wherein
the air fwedotiemparature is between 255 to 60 C.  #17. Acprapeesgseszgor di ng
to any one of #13 to #16, wherein a purge pressure of a regeneration gas is
between 0.3 to 20 bara. #18. A process according to any one of #13 to
#17, wherein the adsorbent vessel subject to thermal sw ng

expansi on#tont r Aatadesrbentinyesss @scardingds anypemd ofZElotoi#oe wheleacthe dpd@iireeom t he

group consistin f: SX,. - NalLSX, NaY, . 4A..and .5A. WD
2071/ 153035 RES (12 PR T AR A BRI ar Ryt SRS WA of w13 to
#18, wher edsorbdre vasketis beink dincearelhas irbiteitdnsverse e otidn. swi ng

expansi on/ contracti on conprises a desiccant of silica gel or activated

al um na. #&20. Anpdearbsst Viessel sepatmpitoanpbnaofgiisiecirs wheneiruthe supgerpr i si ng:

5i nt roducin f siream_t ri.fied.into.an. adsaorbent, vessel. subject
Co't het marO e REL e RRT A e Fal Bhelon e o 8 SR Bund S8k

conpr i sessaesuppdthe aisogpdon aédsekfadming agpocketsn denead Ipbrtioh of e addsdrept | on

vessel Wh%seS at | east a first section of the support screen has a
cross-sectton in the axial direction that is arcuate such that the feed

streamtogpe puni.fi i : St hr port
screen 10g§'d isAlh 5 dg%rtl)fg rgtc\{eg%l,% g&%? Hgg%s#gq'gﬁ%%lp E@gg%isgﬁqges%t% ?&a%cgﬁpr%'ég
adsor bi ngapdrtureapérnittieg gaspenmeatiomut of the feed streamresulting in a
purified feed stream #21. A process according to #20, wherein the feed

streat@ i s#80.r. Asi2@sorhepirveses sicawdingdd agy e ¢4, towtde wbersirt the stipeat pr essur e
f th i L . i #21
oot "o bk BBV ab e 508 Db SR gl GEER SRR ©, 220 o

S

process aswotacgiafithet adsamptioowessel. #20 to #23, further conprising regenerating
t he adsor bent vessel, wherein the purge pressure of a regeneration gas to
be used t#&11. An adsorbent vessel according to any one of #1 to #10, wherein the support

screen supports a bed of adsorbent comprising an adsorbent zeolite selected from the
15  group consisting of: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and 5A.

#12. An adsorbent vessel according to any one of #1 to #11, wherein the support
screen supports a bed of adsorbent comprising a desiccant of silica gel or activated

alumina.

#13. A process for separation of a gaseous mixture carried out by an adsorbent

20  vessel subject to thermal swing expansion/contraction according to any one of #1 to #12.

#14. A process according to #13, wherein the gaseous mixture is air.

#15. A process according to #14, wherein a feed pressure of the air is between 3 to

40 bara.

#16. A process according to #14 or #15, wherein the air feed temperature is between
25 5t060 °C.

#17. A process according to any one of #13 to #16, wherein a purge pressure of a

regeneration gas is between 0.3 to 20 bara.

#18. A process according to any one of #13 to #17, wherein the adsorbent vessel
subject to thermal swing expansion/contraction comprises an adsorbent zeolite selected
30 from the group consisting of: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and 5A.
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20r egenerate the adsorbent vessel is between 0.3 to 20 bara. #25. A
process according to any one of #20 to #24, wherein the adsorbent vessel
subj ect twot2bewmedizswi ng expansi on/ contracti on conpri seeCaGRUsQISHENMt
zeolite selected fromthe group consisting of: CaX, CaLSX, NaX, NaLSX, Nay,
3A, 4A, and 5A. #26. A process according to any one of #20 to #25, wherein
t he adsorbent vessel 25subject to thermal sw ng expansi on/contraction
conpr i ses#&.desAqractss atcading t@agebneoof #Gttb wa8 edharbiurtheadsdibxentpessel [ 0069]
An exenpl ar ort _screen incorporated into.an adsorbent vessel having a
Vessel i SHlrdyE PRGN AE eehE R BEAEA iR LPLPr AR R R BBl T ac s
of 170.7 3&ivatddedur(ida3358 neters). The nom nal di stance between the bottom
of the adsorbent vessel and the bottom of the screen is 23.28 inches
(0.5913 mE2@r s) A pFbaess tipseparath® 204 §a<E086 hRAE, GBAPASIAd50877 screen

thickness is .375 inche 9.525 milli ers). _The tenperature.swi,ng of the
support scr een ToHTGREE e gteRaTt e SIRNEL o ol 36O EER TR SSTD, o o
novenent (hepmalrevipexpansioatconteadtion grtaareinyhe adsarivent seggebcdmrises ersupport 33

e (e TR el TR o e g e

novenent e duppors sgpen has e cemss-sestiorondiind gxidlidireationvthathis blopateesyob izt thiee

swi ng. Th vement t r r in.t irecti of flow
Through ¢ edauBERERE PUIBR IS altRodr B Bror RS PR TpBEE S Mon ¢ ne
suppot@ senesrin centesttwitiedtdehst o filst alesberthand 4% of the novenent caused by a
111.1 C terrperataalrebisvx,i p% %tasnseurr?nd an = Tlf' 1'fe5 %#ea Or.elolﬁréll It%aar% BG0SS t he
adsor bent bed). FHOHHE T Al cfgw?\?/a?dt o] gptpgce Tt 20t e he %uppLH gcreen
due to thtedsitrghtn. of an 84 inch (2.1336 neter) deep adsorbent bed is again
estimated to be | ess than 4% of the novenent caused by a 111.1 C

t enper at u#21.swi Agurocese anoording d #2@ fwhelnain shepiped stream éeair.due to a reversal in
flow direction and the downward novenent due to the weight of the bed are

i nsigni fi&ant whgmogsapacading do #Bk wheveimte feed hetssaneef teuaeid bejweehs3 to

di ffe1r$nt 'héxloa;aher mal expansi on. The range of up and down novenent of the
support screen will be less than 0.5% of the vessel dianeter, and nore
typically |y 290 O =Tp r i.le.aspects of
the pr eseﬁ?@'i nvg\ ?#%er?gﬁéséer%gte@ﬁ%ﬁelgcrl g@b?&ﬁ@%&ﬁrg%@éﬁ&\?ﬂﬂﬁ aﬁﬁ% preferred
enbodi nenbstween e 60a€i ous figures, it is to be understood that other
simlar 20 enbodi nents may be used or nodifications and additions nay be
made to t#He4.desébriroeass @cberdinggmany one piegr20dp #Rddgutther commpeisingmeganegretiog t he
present i I i u | @bk t f ; ired
rvent i on! Sraep RenbidsBel pnOrEHL b i HELEHre B HRRGENG Bes (P SEBET  out o
be co?st r (RgENEMthiheadsorbanidvesselirbétwear Odrtd@Ad@ravi t h t he appended cl ai ns.

25
#25. A process according to any one of #20 to #24, wherein the adsorbent vessel

subject to thermal swing expansion/contraction comprises an adsorbent zeolite selected
from the group consisting of: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and 5A.

#26. A process according to any one of #20 to #25, wherein the adsorbent vessel
25  subject to thermal swing expansion/contraction comprises a desiccant of silica gel or

activated alumina.

Example 2

[0069] An exemplary support screen incorporated into an adsorbent vessel having a
vessel diameter of 168 inches (4.2672 meters) has a nominal screen radius of 170.7
30 inches (4.3358 meters). The nominal distance between the bottom of the adsorbent

vessel and the bottom of the screen is 23.28 inches (0.5913 meters). The support
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WO 2011/ 138612PCT/ GB2011/ 050877 CLAI M5 1. An adsorbent vessel subject to
thermal swi ng expansi on/contraction, conprising: a support screen affixed
to the adwonpticssizessel subject to thermal swing 5 expemsignii@odmaction,
wherein a first section of the support screen extends along a portion of
the length of the adsorption vessel subject to thermal sw ng

expansi on/ contraction in the axial direction and conprises apertures

perm ttingecrges thiekmazatis 0875 amdhenh@ra2bnmillimectéis).st Tiee tdrmmaratofe tshvings opper t

screen has a cross-section.in, the axial directiQn-that, is, arcuate.  102. The
Sdsor bent YIRS 18 141 h'S (WPEE Frar - Somrt 1 ng 1a TP B AYSU BSErDe Gt HPong
t he peri phed dowh rélatve togjraldgtys off thaceappdrt sdreermds.08 jriches (vesl$élindheb) 8c382 o
t hermal sw.ng ex Sj contraction and.affixed thereto such that the |edge
oo hoai ¢ DlilHeBE RLoA T8t FRERE0A APeR R e to B b b B LR et R e Bor bont
vessel5 whed elownt fieelg.upplos imeenean of shafdupged dceeenhz teadbly. linka8 . withe the
adsor bent vessetliJr of .clai.lxﬂel, wherein the support, screen

a rri '@ &

. temper e SW wn moveme Fgjutar rist‘ﬁo ros?ecgtlnoffa.
corrosi on g4 ntVfa éjlo. JUFHR A EIEPBe G SLEETODP! ¢l ai m
1, wher ei fiow tigroagre tHeuadsorizeme bedl @ind.the resultingchaiye inathedobding ow diss slppfit cl ai m
4, wherein_ the .slots are, substantially perpendicular to the axi iLection
o The’ o BarbRl F Flidelle" S BE AL AL o B RS DBLEMG bbby AL B e
sl ot s ar etemmpeastgedswing dastuaggede e Patltepsi.(0.10F3hbagdxordsehe adesrbent wdd)cl ai m
1, wherein the apertures. are arr.anged in attern fhat proyides.the
uppold L Epk Bl ARG BBl eRRAC 456 suthoR SRR oIk uBfMY ofEF g Hon
di rection(2.1z86 hteter) lebp sausoese bddriecdgaim es@b8tedhie beldessbéan J%sesketheof

ises a transition section

ot i e BOFREeR cUBod BT ahr 37 Raethr b B8y ol TRk Bt SOa
vessel foscreagdae g keverdahindlonedickcpar andiheafownardoheoshenitdueds sed weight
of the bed are insignificant when compared to the movements that are caused by

15  differential thermal expansion. The range of up and down movement of the support
screen will be less than 0.5% of the vessel diameter, and more typically only about 0.2%

of the vessel diameter.

[0070] While aspects of the present invention have been described in connection with
the preferred embodiments of the various figures, it is to be understood that other similar
20 embodiments may be used or modifications and additions may be made to the described
embodiment for performing the same function of the present invention without deviating
therefrom. Therefore, the claimed invention should not be limited to any single
embodiment, but rather should be construed in breadth and scope in accordance with

the appended claims.

25
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9. The adsorbent vessel of claim8, wherein the transition section conprises
apertures permtting gas perneation. WD 2011/138612PCT/ GB2011/ 050877

10. The awleanbemssizessel of claim 1, wherein the supportcygBen/isest sel f
unsupported other than via attachnment at its periphery to the inside
surface of the adsorption vessel. 11. The adsorbent vessel of claim
1, wherein the support screen supports a 5bed of adsorbent conprising an
adsorbent zeolite selected fromthe @lalSconsi sting of: CaX, CaLSX, NaX
NaLSX, NaY, 3A, 4A, and 5A 12. The adsor bent vessel of claim1l,
wherei n the support Ascadsnbestpyasséls sebjdie dtoofheadslosWipgt expampion&onigadion,

desi ccant (% rslsiirLi_ca gel or activated al um na. 13. A process for
separat i on of a%aseous m xture carried out by the 10adsorbent vessel

subj ect to theanslppsiti sigeax pHixed oo/ henadseptionn vedset Isabjectlio thermal swig The

process of_claim1 rein 0 m reis.air. 15. The

P ocecs opdloMebragiify ShiriB M50 §riBa rshg! ok Befeen eriendsai®e 4 o 40
bar a. portion 1®&f Tiee [engthessf oheclagisonplidn wheseti subjeqiurige theressuseingf a
ci ar m 14, SOmoe BRI R MR Sl P, BT comaisaecapedtlyss apmRkAESS
18. The pperesdionfand vehareit3he fikesezition bhibe adpporbssméervessa brossHspatoh it the

t hermal sw .ng.. i.pn/ raction conprises an adsorbent zeolite sel ected
fromthe éér‘%'gdéreeéﬁ%gﬁ‘%ﬁéta?%g%f: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and

SA 10 o L9 Therprogesseal kel i Adm YNRLALD LIBAH o RERL oERSEly

subject to thermal sw ng expansion/ contraction conprises a si'ccant of

sil i ca gehloog thetpeviphard ddltoeninside surface of the adsorption vessel subject to thermal
swing expansion/contraction and affixed thereto such that the ledge is positioned
between a first opening and a second opening of the adsorbent vessel, wherein the

support screen is affixed to the ledge.

15 3. The adsorbent vessel of claim 1, wherein the support screen is composed

of a corrosion-resistant ferritic steel.
4, The adsorbent vessel of claim 1, wherein the apertures are slots.

5. The adsorbent vessel of claim 4, wherein the slots are substantially

perpendicular to the axial direction of the adsorbent vessel.

20 6. The adsorbent vessel of claim 5, wherein the slots are arranged in a

staggered pattern.

7. The adsorbent vessel of claim 1, wherein the apertures are arranged in a
pattern that provides the support screen with lower siffness in the adsorbent vessel’s

axial direction than in its transverse direction.

25 8. The adsorbent vessel of claim 1, wherein the support screen further
comprises a transition section affixed to the first section of the support screen and the

adsorption vessel forming a pocket in a head portion of the adsorbent vessel.

9. The adsorbent vessel of claim 8, wherein the transition section comprises

apertures permitting gas permeation.
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20. A process for separation of a gaseous m xture, conprising: introducing
a feed streamto be purified into an adsorbent vessel subject to 25

t her mal swongliersp@nsi on/ contracti on, wherei n the adsor beatr/gBss@soszonpri ses
a support screen affixed to an inside wall of the adsorption vessel where
at least a first section of the support screen has a cross-section in the
axial direction that is arcuate such that the feed streamto be purified in
t he adsorbent vessellhpagisebehhressgh of leiirauppwehdérehctheesuppoc $cseem isc dsdiact
with at least a first sor bent.; .and 3Qadsor bi.n t | east, one.co ent out
of the. 1 edamubpPaadoFiec BT NG Plaa iy 4t 6o B BERL B) s SRR B

2011/ 13864adutidaB284dl/ 050877 21. The process of claim 20, wherein
the feed streamis air. 22. The process of claim 21, wherein the
feed pressure of. t h&éhaiadsorbettetessdof 2ldim ¥ QvHeseia.the support s@&n Jilppops @cess

theput ge 0B ebalidy By aY 0 BROH LRl 8 Sl BT IR LR e R S ™ "
adsor bent Ca¥s€el SX, NDEtNaSIX, 0la¥, 84, 4X) abdsa. 24. The process of

claim 21, wherein the tenperature of the air is between 5 to 60 C.
25. The proces$2.of c¢haians@0entwessdiaf ddim hdewrde e segme] ssedy) sgipotte a

selected Prod TEER SRR L blG B o A e e R R o Ry, “3a, 2
and SA. 1§6' g)\ﬁrnog:%gsc%&s s8bar liéH r8f29’qé'%@8lrjse'rﬂixﬁjp§ c%?ir?e %ﬁptb vagsel

subj ect to thermal xpansi on/ contraction conprises a desiccant of
si | i c#0 gehdsrberd tvess®l eubjedt bmiheanal swing expansion/contraction of claim 1.

14. The process of claim 13, wherein the gaseous mixture is air.

15. The process of claim 14, wherein a feed pressure of the air is between 3
to 40 bara.

16. The process of claim 14, wherein a purge pressure of a regeneration gas
15 is between 0.3 to 20 bara.

17. The process of claim 14, wherein the air feed temperature is between 5 to
60 °C.

18. The process of claim 13, wherein the adsorbent vessel subject to thermal
swing expansion/contraction comprises an adsorbent zeolite selected from the group
20  consisting of: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and 5A.

19. The process of claim 13, wherein the adsorbent vessel subject to thermal

swing expansion/contraction comprises a desiccant of silica gel or activated alumina.

20. A process for separation of a gaseous mixture, comprising:
introducing a feed stream to be purified into an adsorbent vessel subject to
25 thermal swing expansion/contraction, wherein the adsorbent vessel comprises a support
screen affixed to an inside wall of the adsorption vessel where at least a first section of
the support screen has a cross-section in the axial direction that is arcuate such that the
feed stream to be purified in the adsorbent vessel passes through the support screen
and is in contact with at least a first adsorbent; and
30 adsorbing at least one component out of the feed stream resulting in a purified

feed stream.
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21. The process of claim 20, wherein the feed stream is air.

22. The process of claim 21, wherein the feed pressure of the air is between 3
to 40 bara.

23. The process of claim 20, further comprising regenerating the adsorbent
5 vessel, wherein the purge pressure of a regeneration gas to be used to regenerate the

adsorbent vessel is between 0.3 to 20 bara.

24. The process of claim 21, wherein the temperature of the air is between 5
to 60 °C.

25. The process of claim 20, wherein the adsorbent vessel subject to thermal
10  swing expansion/contraction comprises an adsorbent zeolite selected from the group
consisting of: CaX, CaLSX, NaX, NaLSX, NaY, 3A, 4A, and 5A.

26. The process of claim 20, wherein the adsorbent vessel subject to thermal

swing expansion/contraction comprises a desiccant of silica gel or activated alumina.

15
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