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TI TLE OF THE | NVENTI ON: | nproved Control Schene For
Hybrid PSA/ TSA Systens BACKGROUND OF THE | NVENTI ON

[ 0001] The present invention is directed to an
adsorption process for renoving water and carbon

di oxide (CQ2) froma feed gas that uses a hybrid of
both tenperature swing (i.e. TSA) and pressure sw ng
(PSA) to regenerate the adsorbent. More specifically,
the 5 present invention is directed to a process
wherein: (a) the process enploys an adsorption vessel
having a feed port foFfITLEQF THEINVENTION: f eed gas and a
product port for w thdraw ng product gas; (b) |ocated
adj acent to lmwe@&ontrqﬂﬁcaemafewmmsm S0 8gstems
containing a water selective adsorbent (especially

vater 10 fromt nAeRanpERoTE Hfsiég%ﬁﬁ%ﬁ)\& Qgetn“?he
) B A USRS ety B v
(@easben digxiam{CGEnhifram afeed/gys thatusesal ﬂsitfrhldwoml’l@nﬁé?ﬁture swing
TRt i bS] RO GERE 1S henC Al Re@eaty. e
@?S%iﬂ‘fﬁ@ﬂqnh%dlmtptalmces&wneame (i) feed gas is
passed through the vessel beginning at the feed port;

(ii) 481 edhq Pracessamrigysan adpeimtipitvessel rving & teed port for
adsmmgtthdo@e@gasancsabmaétsenmmhm@w.g r&il.c( ds) at
S

| east a portion of the CO2 selective orben becomnes
sat ur dbed JedcatedGdRicentrtd fe(eld\pbrtw @d’ﬂ@t’ r@ﬂﬁall .ﬁn%bﬁlﬂaﬁﬂ% water

f t
e e
dfc@sﬁ'@rf%ed gaB: (ii) beginning at the product port, a

heat i rzg regeneration gas is
ocated between the water removal zone and the product port is a CO,

removal zone containing a CO, selective adsorbent (especially molecular sieve) for
adsorbing the CO. from the feed gas;

{d) the process cycles between an adsorption sequence and a regeneration
sequence;

(e) during the adsorption sequence:
() feed gas is passed through the vessel beginning at the feed port;

(i) at least a portion of the water selective adsorbent becomes
saturated with water;

{ii) at least a portion of the CO, selective adsorbent becomes
saturated with CQ,; and

{iv) product gas is withdrawn from the product port;
) during the regeneration sequence:

(i) the vessel is depressurized to a lower pressure;
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passed through the vessel that provides a quantity of
regeneration heat to desorb (i.e. by tenperature

swi ng) substantially all of the CO2 adsorbed during
the adsorption sequence and a portion (but not the
entire portion) of the water adsorbed during the

oroauct port o BeGRfifia AR eidclioant fhillod fedtheliGnges i
tRASBRR)Iraugl theowasee! tha pawistesla quantity obpgeneestion heatswidagrb (i.e. by
nembe@turé §®ﬁb?§ﬂbbi%h{iéﬂa al bt Ak ddleada&ﬁﬁ%gﬁlnggt&é’\%?s Eptif)rﬁ gequence

adsor bed during the adsorption ‘seque

VG Gdrorian (Grtad the entlee Rarian) phise wates adspripadkgusing thetagisorption
wege@icefaid its 10 next adsorption sequence. [0002]

The above "hybrid" TSA/ PSA process (hereafter the

gy,%rgi d progigss) béginrtiml@ﬂt”the pro&éﬁﬁ poR, ffddih@éb%eré&ﬁll as is passed
S al . ereafte assi

3 4o BB 3 Pl T S ot

venainpg iwatet sdsprbedduringdbebdasigion stiuenteaddport is

| ocated at the bottom of the vessel and the feed gas

fl ows upwafi¥l y theivesae! isauessurizpdiwith feekbgasrto pdreparepbe vessel for its

Inetaicempbdn édipeha) of the vessel. [0003] A key
chal lenge in the hybrid process is to precisely

¢e002) | Iheabdie “Rytriat T;SWP@?\ prgfr?gﬁ gﬁe!FééérﬁteP@g ‘Plu?tr:]ﬁd()pfrg%sﬂ is taught.
PTLT AR e o
theshybeg progesaiathe mtntmtta‘%Wr?Cal moq:tman b@se?ﬁ%rﬁﬁie?%&ﬂport is

i e heat. provi e
e
Progugteortiecatad aidhettop of he vessebugh t he CO2 renoval zone

E@@h Lhat it dies at a |location (hereafter, the
PhnA ke ehaliange in the kybrid Reocass is fo presisahntalauaie thetduatity of

heatfttan nesusug be peovitRd Dy HQOKRRF§ FRdné: ﬁdrgngsgr; &R above so no

BB .8l RS ads O o v s o con e
angrieniatbd bpoee skiltek it thatart; the heappradddd/byahe hBaing @ijeintéiﬁltion gas
e.re er Ion o e
AEBSRSEBL00 B9 oo IR B SR GO s pcn
el if iewiat 4 fopation (hereaftendhe Mesigh |-odatien) Desideghe whtee sniaval zone
waris &F RADSHH th Rald RgbMsalkl ‘é%idf‘ﬁffcgﬁtrbphﬁﬁ of Ak Watdr ?%Fﬁ%\f#l e

‘fo e Where the transition occurs tromregenera
-s-fbaé?fgt’%rﬁ@r% R Ptaof g dardntatheovatey repowd zanesuhiting the
qapatig/jof kel dodiry) regebr@RneRs t by t@@bérﬁ%@n bfthb Mter
'E%QHI%'% @ge%gs/prb#é‘?d%ust |,nﬁ t&e quant i tg of heat to.

e provided DHPERE winQ) s petdulyttibaed in efher wyds, the Design
Logaitéoni aorresrionts & thalaeation within the water removal zone where the transition
occurs from regeneration by temperature swing, to regeneration by pressure swing.

[0004] Kalbassi addresses this key challenge in the hybrid process by adjusting the
quantity of heat to be provided by the heated regeneration gas as a function of the water
content of the feed gas. As opposed to establishing a fixed quantity of heat based on the
most adverse ambient conditions likely to be encountered, this provides significant
energy savings. Kalbassi is an incomplete solution however vis-3-vis the present
invention because, unlike the present invention, Kalbassi's adjustment of the necessary

-2.
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30 content of the feed gas. As opposed to establishing
a fixed quantity of heat based on the nopbst adverse
anbi ent conditions likely to be encountered, this
provides significant energy savings. Kalbassi is an

i nconpl ete sol ution homever vis-a-vis the present

S RerEB Gt alihiorEoodt® 1B daB i f egengration
h%&ueﬂ%@qwlw@lﬁle t&nﬂne@ataltemt&mmremﬂm asiutegicl pordion (the Strategic
dﬂéﬂtlﬁrﬁb df B Weﬁ&er@f%@i 1,88k wﬁi }éec'éﬁtg rﬁﬁo&%rtﬁ% @E%'?%Lgc(af'ﬂ% This

%grature dat a en wthin a egl Cc
Ejire daaslipwe Ane ormeaseraihe e¢tuaf¢omum whara ¢he/idat pulss dies

caritt ret i
data ol g e one on g e e R ey appl EFRGh Bhifna e
t FHENHY %&lﬁﬁ%g‘* BiowdedsindhRinexd Eqaeepratioruspuenase Tbp ahiityds fine-
vmnmtnaraa;@mrg g? thﬁ gg{vld@ﬂ hbeg fl%?‘géﬁl%gg @?cﬁé itﬁ ﬁ@glrf]éeéﬁfoh "Aehther
Vi d

r E‘S%%%rgg'?‘% %ﬁ VeHER L &Q‘P?é 'agl lity to fine- tune the

t t f | |
000, 5l 0SB A 1 RG0S o
1eaias Skat at of pery)e ¢dges enee als cat be afprecitted bg oM@ sKille@nn the art, the
C‘e@lﬁéﬁoﬁ}ﬁe dBter RATdvaCRneh SWI&JI De§i g}? Kgésatléﬁ%fgbtge%eat pulse to

gan at or near t SInc

é’ﬁf‘p‘f’é’c’?y fid proggssciue ta sk ‘Pfé@terwomﬁmraﬂon oftthe COg ddemsbantt. (In
ipacicuiat, ?}f;De}{sg@’ﬂQb@Jg:oﬁgﬁﬁr éﬂg@ o‘f‘%tep Fe?rf&ghllcz'r?hg Qﬁﬁg&ﬁ Ip CO;, removal
lﬁ?@%‘téﬂé "Rabe e, ook Gindntes reronelanreisieba regenetatecnp
defsraratgre swild; similady, tif asigarLocation[Hest €18 oHGS Sivietst rBIﬁé\Fal zone

984 84 08 L GRIBLy SRR, ) b e et

ypisel 'P§6‘B§ iregeneestpshyrpiessdreswind). Tevp ercad preeiss Vil ¢r@g; were to think
i i |m&lér)éelebtfve Q@%rgéhtlc%'r?ﬁ'nb@[h 1AE Rhatet Radt! ggz%gg &s%ﬁqgaliy thick

wher e gas I's Intr

F?ggrﬁéwnh Fay ¢ ebeginning A} theggndiah éhevweatenremeyad vane adjaent to the feed
pers and pMBeMgrﬁéqﬁ@'ﬂlﬁmﬁtbaéy@M@YaﬁF %Eélﬁfaﬂ%éﬁgihe ¢t Bffoval

one
Zafle) e Srasge EPH'SHP"‘JH@E&P%PH%WW # RRNSReNtNP laversdietween (and
wohdma)slams 2dfualighy9. t Giverkthat thy ©esigh Woddlioh ff &e ri'eat pulse to die in

§@"§§2”‘ B gﬁst%{n ?Sftgﬁgal 5051 {lé’\@:qg{v\ﬁ \g’%:q@d Y, it follows that the
@ﬁﬂ@ﬁfpﬁ'pﬂ il typically gomnﬂae leyeyes thitGughed. g adj acent the

val zoneQ)@8 the Strategic Portion would
%r ﬁé 8:1)2.809 (2093ydvienerraul & pk pssignediie Enai( iguide also
teacHes theghove @eff@rteﬁce%l Hybﬁ@trl%es% hﬁn\é?e%utfmter feg&égec%hg&hng the

3RR=}PE5l0% robBor] edbivepadtst mreca

eyem@e@tﬁem%wns adpéghdnagude

the &thegmal profile of theshehttadnt biitput by the [adsorber] at the end of the
regeneration”. Or, as more particularly taught column 5, line 5 of Monereau, the
temperature of the regeneration gas is controlled according to the thermal profile as the
“heat front leaves [the water removal zone]". Accordingly the temperature data is taken
at the edge of water removal zone corresponding to layer 1 in the present invention's
definition of the water removal zone. As discussed previously, this is contrary to
teaching of present invention. In particular, such a location means, little, if any, of the

-3-
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Strategic Portion will typically conprise |ayers 6

t hrough 9. 25 [0006] USP 6, 402,809 (2002) by Mbnereau
et al. assigned to L' Air Liquide also teaches the
above referenced hybrid process. Monereau further
teaches controlling the tenperature of the

e Ol P OB SR Wl BB 8 s oo

thermal pro
mr‘gbﬁtlllw pm@cq@gwﬂbﬂw}e regenetatior gas iseinp deated more than
megeganation”. O, as nore particularly taught colum
5, line 5 of l\/bnereau the 30 tenperature of the

r[emm_nem 4)5493@1 o1eesawta“o§buawet€’a¢ %%Euihéb&otl.(hutﬁi@ide teaches the
eaves [t wat er

;“Sﬁé?ga afad, ﬁgﬁmpf'oﬁlcs!’ces (PR @Pyvet fﬁt@ﬂif@ﬁ% Bybgid precegs hereghe feed

tpak @listricatestthefeed gas info Mvateﬁtl’errcbwgﬁaddsélfbﬂ@*n GEREEICRPAE 'fééﬂi gas
e ventl O

s efely Tl R 1R AR TG el Bl 8lishp G st g oh e G-

|r%m@@hz¢r@rqs in Kalbassidteferg resiching meembducnp'ﬁrnlbcalad inlthe interior of

W\Fésﬁé“ EFB ad§r‘é§§‘th"é s'eﬁﬁfi\ﬁt% Qfhn Bﬁletryf !o othé %pc%{péc%é{egg issues

conpl ete regenera

?%?ﬁﬂﬁéﬁ ‘Z‘thée mwtumf@mm kehwvesy the adsoeptiog and régepenation

ehBEES
a@‘?Je t ha?g%iﬂeﬁi%%”?? ‘”ﬁw ? a0t S sengortpbed () Bbse to
igate At tap feed.and wasernrempyal gone (j.elAgRBROHESPONHing to
&yunsEmCtﬁe ﬁrefsétdhrﬂenﬁtdﬁ@ddﬁhiﬂ@rﬁ‘ oftRél whidr Fé?'ﬁovﬁbéb\"@) to prevent the heat

Bk b Sida Bid PaBieRiBR Tom ehhing Biscuter 86T ¢ he
.Rﬂ’ﬁ’gliﬁ 5P 483 (1080 By KRR BER. Hined 1) St BorBiiongaches

R ‘éf@@r?dﬁ?@e@@f adsemafvatardm atsed gaKehérains to)conedres the heat
G6aReatbd By fl'l‘@%d@étﬂ%l‘?éeqﬂ Bhde thARRYF Qedtrﬂ? H%%b%?aﬁfoﬂ ya€lthe

dress the sensitivi

@@"8%% ?Esﬁﬁ? Beﬁ“ rﬁ’é'Sﬁ&ﬂ%ﬂh teaﬁ Srpent s mensiied uingbe edsarpian

sdqubndehio dl@nﬁ@rs&ehu&r&:eftd) b6 tigedritiRlledtore & refRtant heat pulse
ener.a ue

BEREHS bflud ata LEFEREL %%Pé%?ﬂ%%ﬁ?&?ﬂf@ %l?s’@%e’\?éﬁtg?" gas

i |Cgwistet. oAccotdinghy therpropierh addresdedey ftieepreseid invbntiohd. e’l@t'eﬂsely

eI e diahly & ol RefbARRETIE B Y oybeg Pl rebohdiation

P 8190-435u8 dhehriste). pr event the heat pul se generated

during regeneration fromreaching this outer grate. 15

[0008] USP 4,832,711 (1989) by Christel at al.

adsorbent for adeUREEHYMARE oF R NI EaN Gas wher ei n,
[b60di OAPE prehiivdhEah is an improved control scheme for an adsorption process
that removes water and carbon dioxide (CO.) from a feed gas using a hybrid of both
temperature swing (i.e. TSA) and pressure swing (PSA) to regenerate the adsorbent.
The control scheme comprises adjusting the quantity of heat to be provided by the
regeneration gas as a function of temperature data taken within a strategic portion of the
water selective adsorbent zone. The strategic portion corresponds to the location for the
desired transition from regeneration by temperature swing, to regeneration by pressure
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generated by the adsorption sequence for use in
heating the regeneration gas, the advance of the heat
pul se through the adsorbent is neasured during the
adsorption sequence to allow the sequence to be
di sconti nued before the resultant heat pulse 20 | eaves
t r ern
oy Pt relefta] bolifen e fiafei rgBpih, g flaily o regeneration
Abeddigrlsryhgjustedhas @ftmmmnf &wwgssmmyoftthefq@u@aent
invention (i.e. precisely determning the quantity of
external heat that needs to be provided during
regenera n ssue in Christel. 25 BRI EF
SUMARY BRER REpSRERIOROA THR0EA LPREWS DETHE DROBINGSN

ed _control, schene n_adsorption
@8@‘2'3 FBYR 4 » VAL o2 aroarensd osoras inyentionep)
froma feed gas using a hybrid of both tenperature
swing (i.e. TSA) and pressure swing (PSA) to
regenerat e t heppegPEbaiE t

SCHfF'i‘E)NPBE lﬁeat Fﬁ'l@v

conprises adjusting the quantity of

IC{001/1]O| G-'daf@’fné hﬂﬁ&lﬂe nege rﬂﬁés@h! iNbnl&Pis dreded Wi éc%Brpﬂ{)n process

tenper at ur e Z{ hin astrategic portion o
t'RE enwgpg,wageé@gagq? OHb%t?PBSﬁﬁ “beEe’ethe st r at eg| c
t ds to the | t f
0 A S St ol s 10

riefgumehattheofaedbgaqaam‘sas product gort (i 8) ¢or withdrawipgir&iuceghs (20);
enbodi nent of the present invention, said quantity of
regendblat i ivatedagiacent tafeed padjamwaldr emosalf2one (22) conthining a

e MR tiveCAd | PTI ON
e IR R O adeBil @?ﬂgﬁfﬁéﬁ%&?ﬁ gure 1 is
a dr a\u;)ng cha@ﬁ%eﬁfééﬁ%ém&br .@Ewobél%ﬁé SSPRE phdHBIBdrIs a CO,
D%%Aag %QTI—' NVENT] ON [ 001 Ref'erri ng

BY a?rée “B’P%@ SPIRGIYR Bdserbent fofiadaerpig the,C@nfrom the
delsbgast | on process for renoving water and 002 from a
f eed s (12) wherein: 10 (a) the process enploys an
adsor g‘i)l onthedxegsiss ¢ycles tehwdanpnadseptiomsaquenicbtindfanegeneration

isBéuiepdeci ng the feed gas and a product port (18) for
Wi t hdrawi ng product gas (20); (b) |ocated adj acent to

feed prt Hering tH@hdorgtidRB¥@lené@ne (22) containing a
wat er sel ective adsorbent for adsorbing the water from

the feed gés; (fepd haciaipasscdatroagtitht hessebbeinrirgE el feed port;
zone and the product port is a CO2

i) at least a portion of the water selective adsorbent becomes
saturated with water;

(i) at least a portion of the CO, selective adsorbent becomes
saturated with CO,; and

(iv) product gas is withdrawn from the product port;
() during the regeneration sequence:
(D the vessel is depressurized to a lower pressure;

(i) beginning at the product port, a heating regeneration gas is
passed through the vessel that provides a quantity of regeneration heat to desorb

-5-
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15 renoval zone (24) containing a CO2 sel ective

adsor bent for adsorbing the CO2 fromthe feed gas;

(d) the process cycles between an adsorption sequence
and a regeneration sequence; (e) during the

adsor ption sequence: 20 (i) feed gas is passed through

BT 0 B 54 e D S o s b e B5on of o

seidtar adsetbediduingwhieardsorption geqaéndecast a portion of the
CO2 sel ective adsorbent becomes saturated with 002;
and 25 (i viipr odeginnigast the praduticrorymedatingegbesrationdgasts passed

pcﬁfdugh tHef Ve gé’él id 9&0"6‘50%[%9 @tﬁ\%ﬁaﬁ'ﬁia@:hll%?mé‘?&ﬁgmmé Wa}etr B8sorbed

vessel I's depressurize
HBEna teRfsatptiomseqiederict port, a heating regeneration

gas is passed through the vessel that provides a

quantity oftiV} egdifetestsl rpragsufizedgvitndaest @as-tg prepare the vessel for its

Sighbadsotptioh byqube;@hgt he CO2 adsor bed during the
adsor ption sequence and a portion of the water

adsor beg) diive watet meogds@dsmbeancm&ﬁhwln@me vaitéh réﬂnb\ira% zone

001 coolln regengration
g&gg&%\g og%n aegaélnretﬂlgla Eﬁ%ﬁt \ngwol eg § %eglpamg 3&8? Bﬁrﬁﬂﬁtﬁe yater
JeMmgYal Aeneaddigceat fo thd feet gas porband prgeeseling sequibstially éallager 10 at
W ERforlthewads @nmvhg%né SARARE] Sdiadehtthe CBE fiBPonk®

pressurized wmth fe as to pare t vesse

i[b®12) NaKk prASAY Ménﬁéh RPROIE B&r%cula?}%n(lﬂbr&&ﬁer\‘ﬁé fie z1bove process
ained in'the water renova

ent
TEMBSIG SARPG o asiy Bt (BaPr=4at Noa: 1layenced I as a fucion of
terhpeyators dega &ikeh dthie rad;trafegtchﬁrtwabﬁme Watdr eBBtAk adsdtBent zone

B DB 55 ol B RSt puse o

wiphy il gezanaécwd eimprise ady &deobsechiveCiigry tsrwae (and meluding)
ﬁa@@gszd thidiigh ¥, Sﬁt‘?ﬁﬁre g)@Yc%W %&Hd bc?m&%% ayRRd fhPolﬂu RGla% sRBwn by the

I Aprovenment
cross-shaded portlon of the water removal zone in Figure 1.

[0013] In another embodiment of the present invention, the temperature data is
obtained from two locations within the strategic portion, namely from a location in layer 9,
and from a location in layer 6.

[0014] In another embodiment of the present invention, the quantity of heat to be
provided by the heated regeneration gas is also adjusted as a function of the water
content of the feed gas (i.e. as taught in Kalbassi).

[0015] In another embodiment of the present invention, the feed gas is air.

[0016] In another embodiment of the present invention, the product gasisfedtoa
cryogenic air separation unit and separated into its constituent components.

[0017] In another embodiment of the present invention, the water selective adsorbent
is activated alumina.

[0018] In another embodiment of the present invention, the water selective adsorbent
is silica gel.
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conprising adjusting the quantity of regeneration heat
referenced in (f)(ii) as a function of tenperature
data taken within a strategic portion of the water

sel ective adsorbent zone 15 that, as di scussed
previously, corresponds to the design location for the

pul se to die eneral could conprise
E@?g’é- In s EG'PPQ/'E‘GP'anB?"stB%%%\%‘?P“PaﬁBe e pelastiyg)aosorbent is
rejeutmr 8ievdar ough 9, but nore typically would conprise
| ayers 6 through 9 as shown by the cross-shaded
F120] ot arfothteh emvadimentr of ireviaesenoinesrition,heg) feed gas ig redial gas.
I n anot her enbodi nent of the present invention, the
{%br kxanothed ambodimentof Yis: piegeatinperdion tthefoed gas isansynthesis gas

Fas“hgﬂh@b&ﬁrﬁéﬁcﬁ‘&e%nﬂ@&&h&éh nanely froma | ocation
ayer 9, and froma'locCation in |layer 6. [0014] In

EUWP.P eTh@é?ﬁB@leﬁBﬁttof ﬂfe dréb%nﬂh@éiﬁﬁﬁ sthaWHER Fighie 1 bﬁlﬁloys a vertical

ant t of hea ed by the heat
o5 Bensely o (i o5 Suaiin Ralewhera e Joad Rk (191 lpcateriat the
bettogn of the atsmptionfvetdebaficbd fapagat (10 floRks upveargip thrbiigh the

Ko s Ay BB o D el o e
a«ﬂmm@n vestish oAlteematively, thérpreperd sremtidnrooakdtermioy 2 fadial flow vessel
(éﬁ@r%!&fau Fiﬁn Eﬁsiu%ﬁﬁ) Whe® th&fe&@?ﬁ %triﬁhtres ﬁ%ﬁ@%@bé OBtSLlﬁ% Exterior

sepa Its constl onen

Pfrth%\ﬁ%%qriévoné'ﬁwdj iafvd dhe fged gaacdiopssadially tmrnu@mdserptrom messel (first

th?d h tﬁ@\hﬁ@ﬁ terfovaloRe Bediihen 'trﬁo@b?ltthé’ 8bg fbnibviIBdig as %pKaibasso

%ﬂ Wg gStEother enmbodi ment  of Present I nvention,
e [Batynadne Rrodictpod decgieddmthe "rfgﬂcgp the adgeption. vgssel.

[0019] In another enbodi ment of the present invention,

the CO2 sel ective adsorbent is nolecul ar sieve.

[ 0020] In another enbodi nent of the present invention,

the feed gas is natural gas. [0021] In another

enbodi nent of the present invention, the feed gas is a

synthesis gas 5 conprising carbon nonoxi de and

hydr ogen. [0022] The enbodi nent of the present

i nvention shown in Figure 1 enploys a vertical flow

vessel where (such as taught in Kal bassi) where the

feed port (14) is located at the bottomof the

adsorption vessel and the feed gas (10) flows upwardly

t hrough t he
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adsorption vessel before reaching the product port

(16) located at the top of the 10 adsorption vessel.

Al ternatively, the present invention could enploy a
radial flow vessel (such as taught in Bosquain) where
the feed port distributes the feed gas into the

exterior of the adsorptio % and the feed gas
flows radially through adsg:v'-ﬁ n vessel (first

t hrou t water renpval zone and t h the
o ohov a2 BEbralon edess i ngPayaerans kel e
whesdioct port located in the interior of the adsorption
vessel. 15 -7 CLAIM5S 1. In an adsorption process for
renovehg Wb BrocesscnaBysfan@dserpiiredsss bavitea &ied:po(tdgr

lhﬂ&jLBfn@Qﬁéf%eé'&Eé MPa deé&l?%?&e 'mﬁ‘tﬂd?éﬁfﬁlé?rochu% 449 a feed

port | ntroduc ng t gas oduct

port f)Pf \Mdatéihraiifdc@gt tB'féé@%H negéﬁrate( F&ndv@%ﬁ@@oﬂghﬂﬁ%%ter
& ea%sg(r)@ s 31 \é@ e{mva zone containing a
%&D ¥ 0t oy, gds ‘S‘Qr‘ﬂa & §PMI02 9e89AY t he wat er

from,he fe ocat ed bet ween. t he
oS, ItEitgdRRac Hhe wERSFORIZ0NE s bpprotigiispis a OO
remeal gome sontaimgg a ClpReketivecdsorberd deraidberbing fitty CO, from the feed

sorbing the CO2 fromthe feed 10 gas; (d) the
process cycl es between an adsorption sequence and a

regengr at &HHbro&s%g CeeEShatdebr( 5 ao%Ur{pF&gsé &n raorteggﬁbration

sequence: (i) feed gas Is passe roug e vess
Mhing at the feed port; (ii) at Ieast a portion

of t?@avvater tﬁ gtlve adsor bent becones saturated
wi t h Tat ePH1NgG e pASGrPYog SeRUeRCEo ¢ | on of the CO2

sel ectlve dso S rated w th CO d i
(iv) pr odu t g%?ﬁ:&gs %?%ﬁ%%j(xﬁ”& %'ﬁw VeTg! ?ﬁ mﬁa@?d port;
(i) at least a portion of the water selective adsorbent becomes

saturated with water;

(i) at least a portion of the CO;, selective adsorbent becomes
saturated with CQO,; and

(ivi  product gas is withdrawn from the product port;
(f) during the regeneration sequence:
{i) the vessel is depressurized to a lower pressure;

(i) beginning at the product port, a heating regeneration gas is
passed through the vessel that provides a quantity of regeneration heat to desorb
substantially all of the CO, adsorbed during the adsorption sequence and a portion of the
water adsorbed during the adsorption sequence; and

(it} beginning at the product port, a cooling regeneration gas is passed
through the vessel to desorb most or substantially all of the remaining water adsorbed

during the adsorption sequence;

(iv)  the vessel is pressurized with feed gas to prepare the vessel for its
next adsorption sequence; and
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20 (f) during the regeneration sequence: (i) the
vessel is depressurized to a | ower pressure; (ii)

begi nni ng at the product port, a heating regeneration
gas is passed through the vessel that provides a
quantity of regeneration heat to desorb substantially

Il of, th t.h t

2nd o FhrnEwETSFRERE detutber Satidfedlnint firtenricvd zone.

%@tﬁﬂflt@hefs@&wﬂﬂmayem witlf laiyér) 1 begyiningi an ¢thesdndt diehe water

R ik Abfacert 15 A8} chet B85 R Bloo S o SniBRERTgven o o

e epdaf the rWitTGH |fﬁ90‘<ﬁét!@16 whichds baidcent thei G@. retmevalasne;pt i on
uence; the vessel is pressurized with feed gas

'?‘8 q’BPreb%{P Pﬂ Pliangsadiusting thetawantitpofregenesation hgal asra function of

BepYense daﬁﬂﬁken&wtﬂh)a étfh@eg‘!@ﬁcﬁt“ onSe? RO 14 Cs RLTRS Q{é&tbent zone

&an tlaj ned i.n zone consists

LYIPEPNY aPHr"é‘lF"l”ﬁ?Fé’P\é? laygrs Hetws% fang ingiusding) layers & thiowgh 9.
end of the water renoval zone adjacent to the feed
gas port and proceedi ng sequentially to Iayer 10 at

[ R T -
aé’&P'i%f"i Z9ge CRRRPURSS frYiers,6 thfougbener at i on h eat as a

function of tenperature data taken within a strategic
portion of the vvater sel ecti ve adsorbent zone

conprj sin nsecutive | ayers between

el b ng)h BYPERes of SRR terai i Wmeraye s & eRatschiom o
Igcatiprs within theetratepiatpegion, rmaatelyi feom afochtish waiyer 9. ke y e
IdiGIRqaReBL Zone conprises |ayers 6 through 9. 3. The
process of Claim?2 wherein the tenperature data is
obtained fromtwo |ocations wthin the strategic

portion, nanely froma location in layer 9, and froma

| ocatd.on TRe bl@}t@.{s cﬁcnalrﬁ 144he?e!°t¢thef Sﬁﬁ?o gagoaﬂerBr%v:ded by the

ARREH BBl ias i o8lsiPd 55 p déholion Sdbeetas cattert Atwedeed

ge$. the water content of the feed gas.
5. The process of Claim 1 wherein the feed gas is air.

6. The process of Claim 1 wherein the product gas is fed to a cryogenic air
separation unit and separated into its constituent components.

7. The process of Claim 1 wherein the water selective adsorbent is activated
alumina.

8. The process of Claim 1 wherein the water selective adsorbent is silica gel.
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20 S. The process of CQaim1l wherein the feed gas is
air. 6. The process of Caim1l wherein the product gas
is fed to a cryogenic air separation unit and
separated into its constituent conmponents. 25 7. The
process of Claim 1l wherein the water selective

adsor gent 4 | ; ] f

O ai L iy ocich 3! Sim FukElene L. EaRaiESBeft s molecutar
&PY8-ca gel. -9 9. The process of Caim1 wherein the
CO2 sel ective adsorbent is nolecular sieve. 10. The
process of Claim1l wherein the feed gas is natura

gas. 11._The procgss. 0 ajm1l erein the feed gas
7% Byt ieioag S CRinhs nip Rl Tareslderin e aing
hydrogen. 12. The process of Claim1l wherein the
adsorption vessel is a vertical flow 10 vessel where

t he fged tpd f :

adsor ot 1 on eLadee PR 1 RbereinoRlilh s s gas
FAMRISHR carpen mpnoxige poshhygeegssl before reaching the
product port |ocated at the top of the adsorption
vessel. 13. The process of Caim1l1 wherein the
adsorption.vessel is.a radjal flow 15 vesse|l. where

he 1Bed” Job PaRess PRORTLCvbEntaLabagition Hesse| i d vericalflow
wrbe wihere thé fdddepoatdsiocatbd atthe BSttoph of the ddddnstioh @eskeland the feed

s e LBl b 1 M35 P VeSS B o e BRI BH Copr

lo¢ptechatdlog iopioch thewasiserption &Bsel.

13.  The process of Claim 1 wherein the adsorption vessel is a radial flow
vessel where the feed port distributes the feed gas into the exterior of the adsorption
vessel, and the feed gas flows radially through the adsorption vessel before reaching the
product port located at the exterior of the adsorption vessel.
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