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TITLE OF THE | NVENTI ON:  Periodic H gh Tenperature
Regeneration of Thermal Swi ng Adsorption Systens
BACKGROUND OF THE | NVENTI ON [ 0001 ] Thermal swi ng
adsorption (TSA) systens for the renoval of

contam nant froma gas streamare taught in the art.
TSA systens generally conprise a repeating cycle of 5
steps including: (i) contacting the gas streamw th an
adsorbent selective for the retention of a

contam nant in order to adsorb at |east a portion of
the contami nant frofrib@FRLE INVENTONNherein this step
(i) is conducted at an initial tenperature; (ii)
heating the adsoybgRiHi§®TampeasneRegemaratignperature in

or der to desor b qtrnerkthl SR AdscRstioni Systents t he
contam nant adsorbed in step (i); and (iii) cooling

the adsorbent to the initial tenperature before

starting a new cycle. [0002] The regeneration

tenperature generally ranges anywhere from40 C to 400

'C, but once seACK@ROUNEOFATHE INEMTIRN gener aI I y

constant fromcycle to cycle. See for 15 exanp
[0001 B3 Th8Hal sghadB8entidT 4T SASYS1eptios s, remava, Oie‘%“*é@’@am from a

US 6, 373 P. fipeetiig cycle of
cegkPd ALY By TPASTSS e, cdpracs rppama oy
stefletrionedg. (such as silica gel or alumna) to renobve

wat er since, even at ppm |evels, water adver

el ,
i npéigt s tchetactpitiegps sireamevitiascrdserient & laGliyg foy te retention of
a cag@u]t an ?@5?%@2&3&0@35@5&'aﬁﬂ)rﬁd?ﬁoflﬂﬁ@c&@arﬂfnam from the gas

1 ngress dsorbent remains a
str@ammmmm thig sxeps(yﬁmmucwmasan lf‘e‘,t'aégﬁﬂ&qf%tpf%r true just
prior to start-up when the adsorbent is initia b at
| oadidd i meatig therdsiserentiora regenaiaianmigmpeatdRn Bﬁi\ééfo gesorb &
Iea\ép%gag{t%to‘ﬂ ebécgﬁ'ﬁln%méaégrbeﬁh@ﬁﬁﬁ%') Gt | ayer  and

sor ayer ast, this type of
Sit ' 6:%@ {1B3he bRl to ﬁﬁ’t@f@fﬂefch@ starting a new
di sgﬂi EFLO ﬁ@%rg%gﬁ adgor bent Ioaggg -1 [0004] The
cycpe esent invention addresses’'the problem of water
ingress by periodically heating the adsorbent

[0608% o Ttherregenasation tompemtye caneialy (neas arywheis f mee‘?‘% it g 400 °C,

but once selected, generally remains generally constant from cycle to cycle. See for
example US 5,531,808, US 5,689,974, US 5,906,675, US 6,106,593, USs 6,373,939, and
EP 1226860.

[0003] The adsorbent bed in TSA systems typically includes a layer of desiccant (such
as silica gel or alumina) to remove water since, even at ppm levels, water adversely
impacts the capacity of the adsorbent to adsorb contaminants. Notwithstanding the use
of desiccants, water ingress into the adsorbent remains a problem in TSA systems. This
is especially true just prior to start-up when the adsorbent is initially loaded in wet
ambient air, or during a plant upset in which water breaks through the desiccant layer
and into the adsorbent layer. [n the past, this type of situation has required that the
adsorbent be discarded and fresh adsorbent loaded.
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regeneration tenperature. The present invention is
particularly useful where the TSA adsorbent utilized
is particularly sensitive to water, such as where the
adsorbent 5 conprises a zeolite nolecul ar sieve.

[ 0005] Pressure sw ng. adsorption (PSA) systens are

1008415, seat ysfin BEireb5ks haBrotl TR for epm e oE

generally c is ’
hedtifg@eé htgprogntlte a sbcandiegensraliandieRgeratyy %%agg;ﬂh@" 51%3“3*

as stream throu iJakRGIaf0 ussiabwirathd 0'SA
reg%@?féﬁ?'ﬂ Re(f?tu?%gh}%?eéﬁé_?gé]vegﬁma@ggﬁpgm g%” in 8{@%{
ads‘ioﬁbeadslﬁﬂiedas piaﬁiamarlya_smﬁltgf!%% wt@feﬂ%(}_@;* 38 ¥hex '\jﬁﬁ"f FFon
e gas. st.re i$ step (i) is conducted a
Corgprs ia(‘?eﬁt"{eerlﬁgp\?a ggab%ﬁessure; (pi i ) depressurizing the

opbent-c Wa]Wela ' k6 talembindhaart for the
[ooﬁggs% resghbeo%b@ﬁegé}g%'%@@l%tsgﬁeﬁgﬁfé gdso?-‘k?gg in sggg
rerfavi) obeuhtdrBinait from aagesstream; 5SAgsystagns generally compr

d : L bl | to the initial elevated
erBR Rt v REFRRErERERE TC° ew cycl el [0006] 11 can be

Seefh L hal, WiAg BRS04 U0RRT AIGRR WessslSoniaiig amadarent
systeéns 'S atco

: ished by a t erature ' .
selectiyerfor theirgtentien g W%@ﬁt“a%h'"ﬁ@r}g?/ 25%%% al %%trhgpm'on ofthe

coRE AR irﬁﬁﬁﬁe ?)ﬁs 31rBAMR WHekein W6 Stgp (IDsmeducted Bian iRl elevated
systens i nclude no cyclical 20 heating of the -

preg8wi®s bent . [ 0007] US 5,931, 022 teaches a PSA system

whi ch i ncludes non-cycljcal heati.n r

In @Brti &QP@S,SU'UE‘Q@?EQSB%?"P@J&?{%@Q géﬁteg@‘i %-8 egt&léggrtb at least
a goHidr S tREleentR@Hant Bdsdrssiarseépfieandet ween 50 and 300C

to address water ingress into the adsorbent. In the

casgiipf  Wsplas9RkirdARe agsoraeistasobmitting: eensel oitheyindialiaipvated
is utilized to renpve gﬁ The 25 skill ed
praseute PafPeERNY BINSXpPEci ate that alunina is easy to

dehydrate, at | east d t '
{0096333 di qapRe %G'd%'btﬁﬁé‘ﬁi? é:rga? %ﬁf‘%’ﬁ‘g%éﬁg’rsé@hk ﬁ1;arng\}gﬁl)tﬁr’i 0 ng ' ,
ac‘%%&'ﬂ%b? @ylﬁwﬁrm?@e}mg, ref0etatios ol ad®rbat & PEAGHESMS IS
stem which utjlizes. . ;
corneipbed B g e, opRpant 5o S e ke oot
heb@aforhatidetbgals flow rate to ensure 30 good N2

capacity of zeolites, typically Ca exchanged X )
(00! iUSS,93 TRk o a PBA syseravhichsincuges: man-cyelien! hapling of the

ad?\érbrgﬁgglgf@rﬂs@trchg?, 983, d31 W4 1R el efiBit AGAtirlg dTenHudoent to
temperatures between 50 and 300°C to address water ingress into the adsorbent. In the
case of US 5,931,022, an adsorbent comprising alumina is utilized to remove CO,. The
skilled practitioner will appreciate that alumina is easy to dehydrate, at least compared to
the zeolite molecular sieve type adsorbent for which the present invention is particularly

suited.

[0008] US 4,481,018 teaches a PSA system which utilizes an X type zeolite for N»
removal. This patent recognizes the importance of regeneration gas flow rate to ensure
good N capacity of zeolites, typically Ca exchanged X zeolites. Table V in this patent
shows the importance of regeneration gés flow rate or contact time on the N, capacity of
CaX. Ata regeneration gas contact time of 8 seconds (0.15 minutes), the N, Henry's law

- S
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CaX. At a regeneration gas contact tine of 9 seconds
(0.15 mnutes), the N2 Henry's | aw constant on CaX was
2.4 mvol e/ g/ atm. When the regeneration gas contact
time was increased to 27 seconds (0.45 mn), the N2
Henry's | aw constant was decreased 33%to 1.6

‘ i
coq%‘%ui ﬁé ?ﬁa’% g}ﬁs g{gsrﬂ@é%?%{gﬂaﬁ WOBH tHegémaativnides cehfastimefwas

Y o - ]
incfeoeplce27isemands .48 MRy 1 N WA RLOoRSA T ROERIT BRP oL 0% to
1 .6&&8&@%{%@& gﬁfsﬁd‘lt,oid‘e{c?é%trio?féaiﬁ tefiotpoicegeharationrges contact

ion process for. the Trenoval of
time ontGD4 capacity asperExRPe TSI A key to the present
invention is it addresses the problem of water
ingress into the adsorbent by periodically heating the

10 adsorbent to a"terrperatus}r gIr .H N t he

t enper at ure usd@RIET $HMMS n§IF "ﬁ%@&%ri aﬁl on cycle.

DE_rI[RI LED DESCRI PTI ON OF THIE, & I\IKYFE%%I%#II{QEQJS%} tiﬁé%roeess for the
[0099L s dhe PreRFEhIVBRINGE &P JBPIYeS Wng
rerASRR bPEdrRamnE SR orh BaReatrehon A idy tolies presetdnvestion is it

contam nant froma, gas stre ' - MRt
addoResal? PHEPSE g e G e e B Tod R eRtAg the
acddiBefas asbiparmk gheaer thds tretempertire csed 1 the Nothd

retention o a contamnant in order to adsorb at
reqepRERoR Yt i on of the contaminant fromthe gas

stream wherein this step (i) is conducted at an

initial tenperature; 20 (ii) heating the adsorbent to

i TR e
O, 30 B B 5000 i 15 o

thepTeB R/l of donexmhinant ficsn argas srearvesaithprocesa ¢RENRIsinge repeating
$r0£e1[%s fo ddressi.ng 25 the problem of water ingress
YPRLESERE 4G bent . The i nprovement conprises a

per !(gdi ¢ ﬁqﬂ%%ﬁé@ﬁeﬁ%a%%t%ﬁ{ﬁﬁmaﬁ B&s e 5BRBkvel 18r the retention of

peri‘odi c to a second regeneration

' a doetgyeinaniuin erdpr dandsorb khieastaperion of the gapamitangfrom the gas

str%%@@:ﬁrﬁﬁ%iﬁ’rtﬁiﬁf‘ hséé%:fo(]?)ﬁ;é tc&)ﬁhlﬁfé% AEResiaRsthp@bkde present

regenerati on tenperature ranges

f W40 t ) i i :
rom a%ﬁggﬁev‘éﬁéfo?oetrﬁ‘ %O%ﬁ%g%eh@@ﬁ&@feﬂﬁde@ﬂure in order to

te rature nges from . .
desorb at least a portion of the contaminant adsorbed in step (f); and

(i) cooling the adsorbent fo the initial temperature before starting a new

cycle.

[0011] The present invention is an improvement to the above process for addressing
the problem of water ingress into the adsorbent. The improvement comprises a periodic
heating step wherein the adsorbent is periodically heating to a second regeneration
temperature greater than the first regensration temperature.

[0012] !n-one embodiment of the present invention, the first regeneration temperature
ranges from 40 to 200°C while the second regeneration temperature ranges from 200 {0
400°C. In another embodiment, the second regeneration temperature is at least 50°C
higher than the first regenération temperature.

-3.
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30 4OOC I n anot her enbodlnent the second

regeneration tenperature is at |east 50C higher t han

the first regeneration tenperature. -3 [0013] The

frequency of the .present invention's periodic heating

step is intended to natch the frequency of water

i ngress incidents, such. as ntended to
(001 (118 #3A0er BRGLREFRESEEE PR E e BERERbE It

mateih e frétﬁjenep olReRr trfg;e@ss ihcidentgsah a8 p@en the@&@mﬁ"h iipitially
Ioac{%g]g% ryg: @g}rﬁ? O? ﬁgéqqtt Haor tgr‘éget\rp LE S Wheh gﬁ Etlé & Blahﬁu;ydéﬁr e

ép i's conduct ed T
AccbRii l?fdnnmr@ndiodrmwls;f thefriresend inveatian 'ﬁlfﬂ@@fe thp,peno ic heating

v
so Wrhend I ARy S papanc e

embdti@eho ik freyushcpdf m@zreaeeamwmt@u@rpe(np@lp gmgpﬁtgp Vaqtgpgered
edges 00
ot e Fly S AR ANy e P e

brefkRrAGhNeR exaepnoft5ciol WOIppbyensi tive to water 10

ingress into the adsorbent. Accordingly, gﬁ itive to water
[00 ovh@remaouf; of h@oumsets@u!mbr@@n@rlﬂn@ B gartigy Iés?'ﬁ% veto

MXthel¥erbsaht invention is
mguggwnteﬁﬁ@so&ﬁéﬂé ﬁﬁc%dﬁlggff Fﬁ&hérséh%bcﬁ’rﬁe f

whéraehe adls_(arbemmmnma@ Ajzeelie @;‘;:iags\éfr SIN%E% ?égeg Qﬁ)ﬁ@A and
bm@gﬁeggglrgﬁsﬁcgﬁégtq tan%ftgé REnRASERDEorh BB IGMandldTeN:0.

yere system where a | ayer of

| [oogﬁf @Cﬁg&e érséf@bcf?\?eﬁ‘tldf% Qﬁfiﬁvehﬁ&ﬁttﬁéja@ddmm& a layered

er sta alum nal z

systanmdeire edaysn of mmqanbgucih @$ @mlnq base tred \gg alluwn% silica gel,
wa{eéégarbge @%I Qgsor enilte c!d?n;%‘:%ﬁé@&ﬁd :‘ﬂlﬁlﬁ@é fRepdaf) |§1ﬂd1!bwpti eby a layer

can utrlized ach
of dcsosmEntctn wthwremb@"ﬂ%’ﬁomﬁmplﬁlﬁy‘?’%\OH@;ﬁog?‘%ﬁPan b Hied where

ea&o@&%g%%fé&wﬁ% th@ﬂ-gm%bﬁl ot\émﬁ&entr&ﬁmhamf Fopexan@le, where

e adsor bent coul

renficvas of lboiglé}O;dind M.CDBI® reguiead, mpeadgggqﬁnbgwd nglil]s Bsf"%gﬁ\yef of
a C,ZC? Oééle-% ?Q?Qorﬁﬁﬁte(gﬁmaé ﬁ&ﬁrze@ﬁte)aarw@séddnﬂa%lyev ef a RO selective

s CaX zeolite). In a

adwbmtl (aucitas €pX¥ zeelde). tlafnoley ewﬁad*m?ﬁ{] iﬁ’ﬁ WéH‘EarF AL
coﬁtémﬂénﬂr&e ?‘é RAMR Libatredr tieHt ¥ d]hﬁll@d intote coitstituent components (i.e

tuen corrponens(l.e N2, Ar, etc.) in a
OO0y dgestcg rrsepmos@m@ﬁeaar@tion ["%16] The tenperature of

the feed gas streamin the present invent _
[0046] t dlbleyiemperatyrg oA the f@eq gagsfég%wthg pgﬁse&{ lngﬂg%ﬁﬁ gwtably 80

o NOICIEMHTLED G A pseptee e s i

suatrly AbiPeSTHOGIAOANIME (PPEBrEbEIRP0D, 18 SPBOONFOrE g oranly
200 28816 1 HooYboRiAES Uirfe kégetidtdtivh 'pYes%QaeQQ@utacbu& ®060 000,000

N.m2 (preferably 50,000 to' 1,000,000 N/M2 but in any event preferably not greater than
50% of the feed pressure). Prior to the periodic heating step of the present invention, the
molar ratio of regeneration gas to feed gas is suitably 0.05 to 0.8, preferably 0.2 10 0.5.

[0017] The following examples demonst.rate the usefulness of other embodiments of
the present invention.

[0018] Example 1: NaX zeolite is widely used to remove trace CO, from air prior to the
cryogenic distillation of the air into its constituent components. The typical as-received

-
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N.m2 (preferably 50,000 to" 1,000,000 N M2 but in any
event preferably not greater than 50% of the feed
pressure). Prior to the periodic heating step of the
present invention, the nolar ratio of regeneration
gas to feed gas is suitably 0.05 to 0.8, preferably
5. 30 wmlm'lae&'lbelow gives the
watg RarOraT A Pl AR e 2o ees

ness o

t di t
res@[@l&&&tbr cdsrvtemtt demrm[nemaa]wegt&m%p ét‘fegiL e@ Iazncgaglrrﬁ?rglai é\%%e NaX
zeo\émge?%% an gf’ reg?ﬁ%’r}’@%ﬁ ge?rﬁﬁ%rﬁ% eIt isergives thoraidtive

he air |nt0|t onst
eqUARTRANEC, sapéalt? cesepinined bydreaiderualifrom Al e PRg.n %0 el

for g commercial grade NaX zeolite is 1.5 wt% Table
CO1iMm@ow gives the residual water content (deterni ned

by wei ght |oss at 600C) fofggegonmerci al grade NaX

zeolite as a funection of regeneration tenperature. The

__t&@gpgratf’oh 'L"E)f’n‘ \c hE#lﬂbhl Watef GWISE) DIjl uReltRre CO, capacity

uy breda Ajrougn frgmair (106.0
- , 40pp JW4|||12ur) rapije 1 0.78
—or——-CReptthtrad wm.[cG \VV["VQ Reflattve C@e2

Panar‘lfz b/lﬂﬂﬂ 41..-0--30084—260—F6

........ (CAvVAY I AV IV LUUJ. OU 0Z lUU:I.gJ
Typ| caIIy, it is desired to operate TSA systens at a
{06199%%@&1&59& it esgRHab vperats TSABystems i aseaasiertion terppgrature as

o SRS B SR TR B i o
redreggﬂagiggQ?rﬁgerrﬁgglé rf%clmom msaghomingn Nable 1z esgeneetign ofz*d?te
zealite al 239 CuigALses; toe r@@@aﬁ agﬁg%ﬁtt%ﬂf of%he kSR, BW/o ﬂrhach is

e as-recel ved wa
eséé?ﬁu@nmefafsomém@d wammcradmg‘frmm/mndot hléh@w\felfth gnma"v loaded

| oade Na X c d d t0 1.0
e R e PR T AU C e e el tobia walif be reduced to
m%rlﬂ-.d th@ GO Pcapapiacaftibie efrsteme:osydsnesmpc@@ﬂd:yﬁ’&/y (Ror Y- ga) ’Even
0 78/,0. 62 & i
T SERIE A aewgépa@ﬁﬁ?@fegi%%a%‘ $1.460070ca b Bficld, e water
Ioa\mrtgeﬁropk Qﬁdmrvgﬂ/dammetmpoa@amw/mamsem@ve@@m &fﬁ@@p@l’,ﬂted
[ ncr vV 0 7
a7 5 OGS 0T A LS n eI dbapbysor
(dé’mé@hﬂoliswétﬁ Byradéaﬂbemtg\,,damtmtfabh!lgb\wﬁpwttﬁg eagieparR{ipn shoidd not
be nrt]aletdleg agarnquhletsesrg)ﬁgﬁttdf: 6t SRARNeRt dRANEH8 Yt theMésent invention is
that the adsorbent functions fike a material that has been regenerated at high
temperature (in excess of 200°C), but needs to be regenerated only once at that

temperature since the desiccant pre-layer does not allow water ingress into the-
adsorbent.

[0020] Example 2: Exampleﬁ was repeated for a commercially available CaX zeolite
(often used for the removal of NO from ambient air). Since CaX adsorbs water more
strongly than NaX, its performance is even more drastically affected by high regeneration
temperature. ‘
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20 be needed again unless a plant upset occurs. The
advant age of the present invention is that the
adsorbent functions li-ke a material that has been
regenerated at high tenperature (in excess of 200Q),
but needs to be regenerated only once at that
tenperature since the desi b pre-layer does not
al l ow water ingress intot adsorbent. 25 [0020]

et é,r%;i%hfc*eyvi 1 %dﬁﬂﬂ\?&i&ﬁ@ﬂ%}f CEsiative CD.JcApaciy
A waa/\N L CTU

-

tte (ortgy used for [The renovhd_of
frot-ert—eh |). Si Cy CaX adsorbs wat er  worle
na PET f grglance 'S éven nore.51
.-.-F-F,-.AJ-

drasti \,u?l y—af-fected—y—higm regenerati on

t enper at ur e. Tabl e 2 Re eneration T CResidual i
[o0R4 Do Ked aégenera(ﬂ@n aerapéraiurd 002007C, GaXdas s;g@ﬁu;qntly more "water

Ioaé 50 51 %@@}!a}laﬁ?@?&q £Tifd bRt Gﬁ@@écﬁ#@b@a@iam with a

can nor e” wat er 5Ioa§ g
2ocae;-regemmmmh mtem ithe syﬁthmr\wﬁ opleecever ds fitighC @cﬁv

reggrﬁ%r% 2l ?Q?@?MB :gg%rn : 21%2@% «;é%i%’ t@gﬁféﬂ? MraHsks BQ%/@WEIVD 51) At

400°C regetgaammttmeaﬁoanamlnqeaﬁﬁﬂ!eg@t1l 3 51}. rég%&hese%arge
capfag gfg're: eése%%ﬁr‘??é ‘?ec’a(%ggf‘(rﬂh% Ve igh t‘éﬁnpeﬂ&ﬂ@ regeneration.

capaC| ty I NCreases 96%

[oobd1 O7fe SHea PRRifbnel MF{%& B 1h12BARE isdrDs arPsusCBpiiblo 10

t enper ature

hydrethemealatdaming 80d ﬂmzﬁpam@ygmmg g@rrpgiaqﬁhygrag%r Exgmipie 3 and
Exﬁﬁl{e etlflLL?éﬂeat H‘%% Io%? lré e‘?\ea?a‘iﬁﬁ 'i‘lgﬁ@'b? cEtSctIinfeRent rdyjuiret @0

l'oss of capacity durin e%

rectalnermallteatabydtydolr 6@2 tardapNe Bhighas nehbaepiappipciated in the prior

art) LLWSH fe?gﬁertahgﬁ fl$v9é"49€suft Wl%%l‘ AlgbREratibPYEstO B RRE Petjeneration
t I'hes ére reclaimzeolite capacity for

tim&€>2 than for N2. ThIS has not been appreC| ated in the
prior art. Lower regeneration flows r

(002 Exampler PSS aMRIG, asoriaRseALe ase 3 gigoltp g tebenerated
at @é@nd@@%u@ fidw rhfbstd?'nﬁr %ANMAkKEs 1 emmmf wagatorgplatie(16

eoli1te was re enerat at 400C under

hodrebWhg saregies werg £9 @@ﬁoerﬁflcé pitioggR ALSY p’gtq;htsgﬁgrms were
me38IRkh 80¢E 6 ThE PkifY oblaltfRdREBIVEA in"ealsle 300! ed down and

nrtrogen adsorption isotherns were

Table 3
(ft/sec) {sec) ] '
Linear regen flow rate Regeneration contact time Relative N, capacity
0.90 0.74 1.0
0.37 1.8 1.0
0.18 ' ‘ 3.7 0.89
0.089 7.5 0.81
0.039 17.3 0.57

[0024] The relative N, capacity is defined as the ratio of the Henry's law constant
(initial isotherm slope) at the given flow rate divided by the Henry's law constant obtained
at the highest linear regeneration velocity. The results in Table 3 show that at high finear
regeneration flow rates (short contact times), high N capacities are obtained. However,
as the regeneration linear velocity goes below 0.37 ft/sec (regeneration contact time of

. -6-
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measured at 30C. The results obtained are given in
Table 3. 20 Table 3 (ft/sec) (sec) Relative N2
capacity Linear re en flow rateRegeneration contact

- time 0.900.741.0 0.371.81.0 0.183.70.89 0.0897.50.81
0. 03917. 30.57 [0024] The relative N2 capacity is

defined ‘as.the rati f ray S tof CaX
1.8% 1 N SAPACIS BTEP ok S B! Porliiaf N, ERREGREIf Cax are
destiby Bgendhitidrhovreney stodlamotcimselow ebewiLPHBECSS at the

hi ghest |inear regeneration velocity. The r?sﬁlaﬁvs I n
[0035P| Exdnslbaw THeatanse expiegient acdescripdiBrieaAidr 2PPWYas

rates SQ 5’%\%,3% 852 géﬂ,ﬁz)and R0, MpacBpPRas easuradeThe CO;

cardeft g ‘regeneration |inear o
capiBhPis yncasemaliyl GO; Dreaitnfaugh diom aiegcdfrram. o CEREALP PSI
time of (?1 1. 8% H%Iea N2 capacity is reduced. This
Thestesiilts aiRRNoMP 1 J8PIRat N2 capacities of CaX are
desired, regeneration fl Owg(ﬁé s shoul d not dip bel ow
a

g
[ 0025] nple 4. The sane

Tpte 3 aboveé was
B 1Y RBRtive COzapacity

[

bRta _
S-capaci {y was 1.0

e iill uug-f'.llr T Om a1 r—at 400 ppm.o25C

3 T - e & stiown 1n Jable 4. {able
4—(++ f‘]in tsec)—Retative Ogis capacity L[Inear re$n
f-H-ow 'thu S Regeneratiomcontgely TTTE 0.88

[0026] The results in Tabie 4 show that the CO. capacity of CaX is retained at lower
regeneration linear velocities than N, capacity. Thus, the N2 capacity of the zeolite is
more sensitive to regeneration flow rate than the CO, capacity of the zeolite. This has
not been appreciated in the pribr art and leads to an unexpected result with respect to
that embodiment of the present invention where the adsorbent comprises a zeolite, the
contaminant comprises CO; and the present invention’s step (i) involves contacting the
adsorbent with a flow of regeneration gas (such as dry Nx or a dry Narich gas for
example) having a particular linear velocity. Namely, this particular embodiment of the
present invention allows the practitioner to utilize lower regeneration gas velocities than
what would be predicted by the sensitivity of the zeolite’s N, capacity to the regeneration
gas velocity, The data in Examples 3 and 4 are shown graphically in Figure 1 and
suggests that as long as thé regeneration gas linear veiocity is at least 0.10 ft/sec, there
will be little effect on CO, adsorption capacity.

-
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1.0 0.900.74 0.371.81.0 0.183.71.0 0.0897.50.97

0.03917.30.88 10 [0026] The results in Table 4 show
that the CO2 capacity of CaX is retained at
regeneration linear velocities than N2 capacity. Thus,
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Ef f ect of Regenerati orfsE=taWrREEE™Sn N2 and 002
0.90.80.70.3020.10

[0027] Examples 5and 6 aré shown to compare the present invention with us
5,931,022 which teaches periodic heating of the alumina adsorbent to address water__
ingress in a PSA system utilizing alumina for CO; removal.

[0028] Example §: Table 5 below gives the relative CO. capacity measured on a
commaercial grade activated alumina following initial regeneration at 30 and 30_0°C. The
CO, capacities were measured on a standard volumetric adsorption unit. The material
was then reactivated at 30°C (standard regeneration temperature for a PSA) and the

CO, capacity re-measured. This process was repeated 3 times and Table 5 shows the

CO; capacity of the alumina after initial 300°C regeneration followed by 3 regenerations

at 30°C after exposure to CO,.

Taﬁle 5

Ratio of
. Relative COQ, Capacity | capacity after
K after 3 3 regen
Initial Regeneration Initial Relative Adsorption/regen cycles/initial
Temperature (°C) CO, Capacity Cycles at 30°C capacity
30 1.0 0.85 - 0.85
300 58.3 0.83 0.014
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0 6.r 02 03 0.4 0.50.80.7 OA0.9 Repenerallo n OOw
NOCey (tune) [0027] Exanples 5 and 6 are shown to
conpare the present invention with US 5,931, 022 which
teaches periodic heating of the alum na adsorbent to
address water,, 5 ingress in a PSA systemutilizi rg% -~
[08b4{MI THR b Qs GOrable Bemwaihat fegOmBItioEehApMeed aluTls 4 50

Ie%\gm\;ﬁaaﬁwﬁ@l ih&eald i %cg% SR AR bidveRRABAIhe degemeration

e activated al un na foll.ow A0 Lhal:
tempgetar i febinagtto YT simdagbigecnergiien ?%‘f'%‘gega@?ﬁ%s%ﬁ ¥
QITBRPHVERS Btk Ghaagkityl aviek oversgéreratios dererairen The skifigg

material_ was then reacti . dalumi
oiierer il FERTOHEI T RARPRIS %%ﬁ%ﬁﬁb&ﬁ S R o
' [ prticn feagberafirp & e
@?«?ﬂgg hgﬁéé%@ a(fj:% SB qdﬁepq:;{;g)@ HefaB6n.t To etoventhis high CO;
sites RILeL PE 8 tl' n|tP| a?wggqotgvgtz%gh@éiﬁ)ge%é w‘dgy 3
ibn dreartegempsationtlersipra , 5

Zﬁgpﬁ g%gg_?t%ag@trﬁ%h @mh&twm‘[ﬂwe@dw raght rfegegﬁf@@ﬂ 33
regen Initial Regenperation L " tag ion itions.
R R T BP0 A TR oLy Bl standard” regenoration concitions

[Ogggﬁ %ﬂ%gﬁe _@%Ue 81 isthed HLERDR RS aBove was '.
i e il DU LID BN TN O

ab@ﬁ‘%&st‘aﬂda%d’vr%{;é(nefﬁét@h téripdrhtate WasCI50G endicatioel e BRhBIacHsSs:
Wever, once the regeneration tenperature is

returned to the standard regde@rati on tenperature, the
CO2 capacity

Ratio of
Relative CO, capacity | capacity after
- after 3 3 regen
Initial Regeneration Relative CO, adsorption/regen cycles/initial
Temperature (°C) capacity - - cycles at 150°C capacity
200 1.0 0.98 0.98
300 .26 ° 1.26 1.0

{0031] The results in Table 6 show that the when NaX zeolite is initially regenerated at
200 or 300°C and then subsequently regenerated at a lower “standard” TSA
regeneration temperature of 150°C, the GO, capacity remains the same as following high
temperature regeneration. The last column in Table 6 shows that the CO, capacity is
unchanged after initial high temperature regeneration foliowed by a lower regensration
temperature. This is because the CO, adsorbed on zeolites is physically adsorbed and
can readily be desorbed by heating to temperatures in excess of 100°C. in example 5,
the alumina adsorbent did not retain its high CO, capacity after an initial high
regeneration temperature followed by a series of lower, standard regeneration
temperatures. The sample regenerated at 300°C only retained 1.5% of the initial
capacity after three regeneration cycles at 30°C.

[0032] The above examples cover removal of CO; and N,O from an air feed stream,
but it should be recognized the present invention is applicable to the removal of any
component from any feed stream. For example, the present invention is applicable to

-g-
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qui ckly reverts back to the capacity at the | ow
regeneration tenperature. The skilled 5 practitioner
will appreciate this is because the increase in 002
capacity of alumna follow ng high regeneration
tenperature is due to 002 chem sorption on specific
oxi | I fiRtoPlowab aratiy thhaiaigtoy cryogenic
the E%PS’E‘P%?@?&@E’?%?%E@%@&omF.té Jinbihie, GFRne
distifativac iTrace h&ﬁ‘é’cﬁ@@ﬁéﬂﬂdﬁowt?@ﬁ?ﬁrgl ure nust remain
ol 1ty BR g feppunane e solpe or e o
. e
C#I‘Gdfoéﬁ%éf’%{‘ﬁ?'\éé:"i‘ sﬁgr[ai/erdgy %aﬁj\é% £ g%seﬁ%%ﬂ? | o gr /
trace E;ba@dﬁwadffs tgEnenavedny mmmia@n@bentisa)m (eGP 22 Or
The s xperinent .. j j iy wdey e
el e T SR i BT by o n =
contamsinants. oAmanathed exgrmptie thetesasbinvention JapRiitpbie @taan cé Elrrg
r ' t 48 gA5Qarh bethprisingfeydodgen argA
B et O A e erat, ve 002
carpmeneepacity after after 33 regen Initia
Regener ati onRel ati ve 002adsor pti on/regen
cycles/initial Tenperature Ccapacitycycles at
150Ccapaci ty 2001. 00. 980. 98 3001. 261. 261. 0 [0031] The
results in Table 6 show that the when NaX zeolite is
initially regenerated at 200 or 300C and then
subsequently regenerated at a | ower "standard" TSA
regeneration tenperature of 150C, the 002 capacity
remai ns the same as follow ng high 20 tenperature
regeneration. The |l ast colum in Table 6 shows that
the CO2 capacity is unchanged after initial high
tenperature regeneration followed by a | ower
regeneration tenperature. This is because the CO2
adsorbed on zeolites is physically adsorbed and can
readily be described by heating to tenperatures in
excess of 100C. In exanple 5, the alum na adsorbent
did not retain its high 002 capacity after an initia
hi gh 25 regenerati on tenperature followed by a series
of | ower, standard regeneration tenperatures. The
sanpl e regenerated at 300C only retained 1.5% of the
initial

-10 -
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capacity after three regeneration cycles at 30C.
[ 0032] The above exanpl es cover renoval of 002 and N20
froman air feed stream but it should be recognized
the present invention is applicable to the renoval of
any 30 conponent fromany feed stream For exanple,
the present invention is @ppMscable to -9 the renoval
of trace hydrocarbons fromair, prior to separatin
theqai r |RY tHEMRYERInG addorption pratess for e eswvAN F@'&"ﬁ?’g‘&%
i nclude, but .are not |1 afuding:
frong B1GAF SHBAM aE%?QEOQE%S, COS?DE SFgﬁ %, ’Egeragﬁé P‘Zdrl;%?f S?hdd3 hi gh egr

boi i ng %&L{%gpg%%tr%g’%'irggrﬂ%vith%ﬁca‘@lsorﬁéﬂt siseacier themetention of

(i nCl udi unsat ur ate and_ar

d g '
a contamoeat ibender o Fteorsat lad @ oBn SR SAT BT 8 85% o
stre%% gvﬂgrieﬁatﬂ@ s?é}:?@“?@éﬂcﬁr@?edtahaﬁ int@Mempof@@Re;and/ or  N20,

erent sorbent, optimzed for the renoval of

: E:(iiz)enaﬁéﬂtiﬂa e ARBrboRORANTsIIegemratios tamperatare ivEdRsite,

dosonagt pesResiaR e aeteateratiee ByitB T 22 s eam
npri sing h cal | AR
R it e

cydegnoval of contam nant froma gas' stream said
process conprising a repeating cycle of steps , -
thei imptaveinegt carprisigra patiodisdieating eswaereBdng é\ﬁ@ﬁb%‘ﬁ's periodically
g ¥ R Gledfk LA 9 firsbregeneration
heajgnﬁﬁé%%%% ']ieﬁg'ﬁnérr%tgorn tt8 @pgdsorg at | east a portion of
tempeeatomnt am nant fromthe gas streamwherein this step
(i) 1is conducted at an initial tenperature; (ii)
heating the adsorbent to a first regeneration

tenperature in order, to esorb . I . j
e Zont ARF AsteSsAILdRiselmn oCyiep ] rogfitdh Bbbisite ﬁé{ges
frofnhe 1acdeordand tHeaetived togbtdrationttemperaturairangpeiren 00 to 400°C.
starting a new 10 cycle; the inprovenent conprising a
peri odic heating step wherein the adsorbent is.
periodically heating to a second regeneration .
t enpger at GThe prcess efrClaimahwherginithe secong gearpptipp fpmperature is

at I#ag%é%g@%r R tKe firsl Yeg PRSP SeRpersdurd. M 1 wherein the
rrFst re t rrg

neration tenperature ranges

4, The process of Claim 1 wherein the periodic heating step is conducted

just prior to start-up.

5. The process of Claim 1 wherein the periodic heating step is conducted

just after a piant upset.

6. Thae process of Claim 1 wherein the frequency of the periodic heating step
is triggered by a threshold level of CO; breakthrough.

-11-
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from40 to 2000C and the second regeneration
tenperature ranges from 200 to 4000C. 3. The process
of Claiml wherein the second regeneration tenperature
is at |least 500C higher than the first regeneration -
tenperature. 20 4. The process of Claim1l wherein the

per i.pdi c Tng%trcif:%gs%ftﬁgid ?mfﬁ?ﬂ%%ﬁé gdsorboi bompriges atzeolite and

start-up. rocess of Claiml wherein the
thepeoniavdinanttoemtpriags SPep i s conducted 25 just after a

pl ant upset. 6. The process of Claim1 wherein the

frequency of the periodic heating step is triggered

by a threshold | evel of _C02 b . sniakeking e ddi@rbent
prockss dheeresess ¢f %\lﬂ@? E%QE%S%EQE’@Q'g% %O(;‘rg%ingses a
with &t 61 86herdifth o6 maainy méinearomlepty e legep0.1 TgeC-The
process of Claim?7 wherein step (ii) involves
contacting the adsorbent 5 with a flow of
regeneration gas having a linear velocity of at.|east, .
0.1 §1/ sabe pracesThEClaind 8aderay step H?WSBW%%P&QHS&%@& N, rich
the regeneration gas is a dry N2 rich gas. 10 10. The
988r ocess of O aim 7 wherein the contaninant further
conprises N20 . 11. The process' of Caim 10 where the
adsorbent conprises a first layer of NaX zeolite for
the e rm\'ﬁ'ie Pbodshef ERim 7avHeasth thardontantnant Lueberepmiies N2O.
of CaX zeolite for the renmoval of the N20
contam nant. 15 12. The process of Claim1l wherein the

adsorbent is |ayered over a {1ayer of desiccant. 113 ;
The {ar ocerm wbcdss i Glalmlevheratheladsgspert €amPpRas RfrESaYer ©
d 20 contan f hé aSkEGRIMydrat Ca% zeolite for
g dediion e SR PR 07 fSfarfliaht axpbaRtay
the enpovat ot the iINaOaootagrognti ¢ air separation unit. -12

12. The process of Claim 1 wherein the adsorbent is layered over a layer of

desiccant.

13.  The process of Claim 1 wherein the process produces a dry and
contaminant free gas air stream that is subsequently distilled into its constituent
components in a cryogenic air separation unit.

12



