; KLe3e} 8} 5L"n6PT(-- 3 NOV 2004 1 FI ELD OF THE | NVENTI ON The present
invention relates to a nethod for renoving gaseous inpurities fromfeed gas
_ streams in a tenperature swing adsorption pre-purification unit. Mre
particularly, the present invention provides for a nmethadytgyy enove H2,

H20, CO CO2 and additionally hydrocarbons and oxi des of nitrogen from gas
feedstreans such as air. BACKGROUND OF;THE I NVENTI ON Hi gh purity gases such
as nitrogen in which inpurities are present in amounts well bel ow part per
mllion levels are required in the manufacture of integrated m” HWﬁMW”WﬁMI
prevent defects in chips of increasing |line densities. Cryoge
distillation is typically usefURIFICATIONDORGASES hi ghly puri ffiesss:
nitrogen gas. Renoval of inpurities fromthe feed gas for cryogenic
distillation is required for the production of high purity ni ﬁmmﬁ WWWME
air is used as the feed gas, inpurities, such as H20 and CIQ

renoved to prevent freeze-up in the | ow tenperature sections of t&meoopl ant
while other inpurities, such &EER GRTHEINVBMEION be renoved to prevent
contam nation of the nitrogen product. A two-step procedure has been

enpl oyed for the renoval of these inpurities fromair in a nitrogen

roducti on proc .S ressed feed gas i s, heated to
'Ito enper at ur eg befﬁm%g ﬁéi%ggllﬁgeﬁt%%la§e§§§a%eéth ﬁfeé’&cfvéﬁg ﬁﬁ‘steﬂg m&i%‘(‘l“élﬁlst to
oxi di ze COftom €@ gametrddtstia aHeRperhiohd Qvﬂﬁgtaakorﬁ%@bﬁésﬁlﬁrﬁc Mo GRt ! ope‘?sed on

pl ati num are connonly used for the oxidation step. 'In e secon ep, the
- 3 NOv zupartEubglygthearessnt lpV@liLwtmfpv1dESQfoaamdﬂ2ﬁ toaemoveﬁg\/}eﬁ) o@roohe

conpr essed ream.either a te t.ure-sw ng or, pressure Sw ng

adsor pti on ag?%%%égn a}{phlygéocﬁfl?%% Qx‘ S?? jtrgeerelromm @ap ﬁ@dsta«?a@s such as

di sadvant aggous for the commercial scale production of highly purified
gases, particularly nitrogen gas due to their high cost of operation. The
cost of operation is high because of the extensive use of expensive noble
netal catalysts. In addition, separate vessels nust be used for the
catalytic treatment step B CKKH@%HEE}@FJBHEgﬂ@ﬁbﬂﬁObanve the inpurities.
In addition, heat exchangers are requi red to both heat the gas as it passes
into the catal yst vessel and cool the effluent therefrom This poses

addi tional cost $ighpifityl daséswubR aPhitrogen in which impurities are present in amounts

well below part per million levels are required in the manufacture of integrated
circuits to prevent defects in chips of increasing line densities. Cryogenic distillation

is typically used for the production of highly purified nitro gen gas.

Removal of impurities from the feed gas for cryogenic distillation is required
for the production of high purity nitrogen. When air is used as the feed gas,
impurities, such as H,O and CO,, have to be removed to prevent freeze-up in the low
temperature sections of the plant while other impurities, such as H, and CO, have to

be removed to prevent contamination of the nitrogen product.

A two-step procedure has been employed for the removal of these impurities
from air in a nitrogen production process. In the first step, a compressed feed gas is
heated to temperatures between 150° to 250°C. and then contacted with a catalyst to
oxidize CO to CO, and H, to H,0. Noble metal catalysts, typically based on

platinum, are commonly used for the oxidation step. In the second step, the



equi pnent and energy. Low tenperature processes for renoving parts per
mllion |levels of inpurities frominert gas streans are also known in the
art. The present inventors have discovered that the use-af Ngvrgdsti -1 ayer
bed where the trace inpurities, primarily CO2, are renoved prior to
contacting the gaseous. feedstreamw th the HZ catal yst w:l| inprove.the
performance of the HZ catalyst. This not aonly inproves overall performance
but al so reduces the amobunt of HZ cat al yst2 necessary in the process.
SUMVARY OF THE, ] NVENTI ON The present invention provides for a tenperature
swi ng adsor pt®¥ Z%@E@é‘%@cﬁ%chl‘aodlH‘szgreaeglasabﬁSmah@dMﬁpreSMSgaaBﬁréai\zh| y
purified from4d | L] onpri.sing the steps of: a) renoving water vapor
froma gaseoglsth% egdz{'s%e%@%]t:ﬁ%%rgﬁt“ﬁ?%Pﬂ@’e?%ﬁ$‘f’¥18@§§°rpt19nPI@CN@J 200 b)
contacting the gaseous feedstreamw th an oxidation catalyst to convert CO
to CO02; c) renovi ngaCOZ fromthe gaseous feedstreamof steps (a) and (b);

d) contacting theT @alrusesfsﬁedhhmghmfﬁf:tiﬁd,@fbdiﬁédv%ttageo%@f&xt%xg%. Gat al yst
to convert H2 to renmgvi ng H2O from t he gaseous teedstream of

Hﬁo .and, e) .
step (d), thEPAHYIOGBetianRERiShiKeuE ipd gases) partigularly nifrogeh gasdaus thpiidght .

Optional |y, Lt I an _he added between steps (c) and (d)
wher eby hydrg%é?g%%htgﬂg %?(elt%go%?peﬁ? 9 ég’rg GaYSE b e e tensHetUse Ojaseous

feedstream expenSivélibblengdial cathlyl¥Ri mddudion! §paBas CQUSIs RIRPH Qb Alned i's

air in a tenperature sw ng
atalytic treatment step and the adsorption step to remove the impurities. In addition,

heat exchangers are required to both heat the gas as it passes into the catalyst vessel
and cool the effluent therefrom. This poses additional costs, both in terms of

equipment and energy.

Low temperature processes for removing parts per million levels of impurities

from inert gas streams are also known in the art.

The present inventors have discovered that the use of a multi-layer bed where
the trace impurities, primarily CO,, are removed prior to contacting the gaseous.
feedstream with the H, catalyst will improve the performance of the H, catalyst. This

not only improves overall performance but also reduces the amount of H, catalyst

necessary in the process.

SUMMARY OF THE INVENTION

The present invention provides for a temperature swing adsorption process for

producing a gaseous product substantially purified from impurities comprising the steps
of:

a) removing water vapor from a gaseous feedstream 'containing

impurities;



adsorption (TSA) process prior to the air being fed to a cryogenic
distillation unit in an air separation unit (ASU). The regeneration gas

" enployed in a typical TSA process needs to be free of H2, CO (02, H20,

oxi des of nitrogen and hydrocarbons. The gaseous feedstreaynpg MBeated in a
single treatnment zone, preferably in a single vessel which includes two
cat.al yst sections and three adsorbent sectjions. The first section contains
one or nore beds of a water-renoving adsorbent such as activated al uni na,
silica gel, zeoli t3s, or conbi nations thereof. The first catalytic |ayer
for converting COWo CCPMAGYNEEeageous fesdstéanmmitaneseiang cERBREo RVERS Or
ni ckel oxides. The secoRd: [ bent section contains an adsorbent far
renoving CO2 from a gaseous féedstream This adsorbent nay be zeolites,
activated alumna, silica gel and conbinations thereof. The section of the
vessel used f.ox cogverti ng H2 to H20 contains an oxidation catalyst. This
catal yst is preferabl y ramavined Qpfreth tlmgabmtfeﬁggba@%f%ﬁp@?tag@ @gl | adi um
The last layer contains an adsorbent for renoving water and/or cafr’bon

di oxi de which may be zeolites, activated alumna, silica gel and

conbi nati ons t her g9f. Atac | EF DESCRI PT) ON, OF THE DRAW NGS The
fol | owi ng draw ng ?s ng?%tlagtlwaég ¥ le ?&g%ﬁe &F%%W@@W@ﬁé@ﬁ@l}ﬁbt be
construed as limt thetscaperttteasend;afdg. 1 is a schematic view of one
enbodi nent of the invention showing a process for the production.of. highly
purified gas. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
provi des for a prggess .pr i ng,.a purified gaseous product. The
impurities renoved ar er{;@c{y&_‘g{%%nﬁm %@@_us fepdsisrann pbster (otdiersbyt s of the
invention, oxides of nbbtaRgIgHhd ons_are also renoved from
the finished gaseous product. Rgggsitér?%gy%g?g%g%?%% HGdUeti n " particul arly
Fig. 1, there is shown a process for production of purified gas. A feed gas .
stream for exanpbe.at giosghe .G air, is passed via aline 2 to a conpressor
4 wherein the gas- POt p#akltionabstagnean tstrdded Bettreps sigps [d)and ¢dipr essed gas
stream i s sejiicrai i . hea xchanger 8 wherein it is cool ed
prior to int rodﬁ}ﬁl}?ﬁb%/a?goqgia%lg 0%@?8% %l?rgg%f‘rgrm@@b%@r%@@rthqzaﬂeéu&-em)ve

| i qui d wat efe¢dsremhr om The effluent fromthe water separator 12 is a

t enperature of from about 5C to about 70C and is preferably in the range of
about 20C to about 45C. The gas is sent via line 14 through valve 16 and a
line 20 to a treatnent zone 25 within a single vessel 30 which contains a
first adsorption zone 32, a first catalytic zone 34, a second adsorption
zone 36, a second catalytic zone 38 and a third adsorption zone 40. 1n the
alternative enbodi nent, zones 34 and 36 are switched such that the second
adsorption zone follows the first adsorption zone 32.



- 3 NOf .dO0O4' 6 The first adsorption zone 32 contains at |east one bed of
wat er -renovi ng adsorbent material such as activated alumna, silica gel, -

- zeolites and/or conbinations thereof. Mst of the water vV pdksent in

t he conpressed gas nust-.be renoved in order to prevent deactivation of

| ater catalytic layers. The adsorption zone 32 preferably"conprises a |ayer
of activated alumna or silica gel and a Layer of zeolite such as zeolite
13X or 5A available fromUOP, Inc. The gas streamthen enters the first
catal ytic zone 34 wherein carbon nonoxide is converted to carbon di oxide.
Preferably the catalyst material is_a netal oxide such as nickel oxide or a
m xture of the oxhyd&allh thagngarnsrodyrl obigmsd s alvise temnerabisISTRAS a

hopcal ite-ty, al I a rulite-300 & . : by
Carus.  The VReRPRREIYSH) BB I0 pRUB AT, R e oY RHBSLAERE 2,
CQ2 is renpvechif epatdtios WRYASU)ETNe rdgtRendsn pheahplbfedrl £5bRAI TEAM
activated alumna, silica gel, zeolites and/or conbinations of them

Pref erabl y tpfecesp aegdsdo fasreedthi @O, RO, oxkden ofbittogen and hydroesabansn
dioxide. This treated gas thus enters the second catal ytic zone 3 8 wherein’
t he hydrogen present in the gas is converted to water vapor. The catal ysts
useful in this | i I al
catal ysts known %%E{esegéétﬂg%%ﬁgﬂggﬁg?@%% gﬂgg%ﬁﬁ@%%ﬁg{, P@?S@fggta

cat al yst sucingls vedsalt whichiihcdbdes tho@atabyngsdchiandanditheeel adsdrbemestiohd. hapri ses
the third adsorption zone wherein water vapor is renoved fromthe treated
gas stream Mt SeRdoRAEIAINAEAE OWEFRbds PE R Svater-Tamaving adsarbenidhenged, it s

al so necessar sarb X rbent .present i.n.l . 40.
Accor di ngl v Lokrie4 qRERRE RGN SLGKLS BERULRER: BT The BRsMBYs0r 1 e
and/ or i xt ypRs fohereeftin cetéd@ﬁﬁﬂ&ga&imr tahi Rosypedidee ot , an
addi tional adsorbent Iayegr may be added aftere&?ﬁgir%:gg?%%n di o@:imge adsor ption
step. This Imagkst oxidys.be an adsorbent such as a zeolite. The thus treated
gas exits the treatnent vessel through line 42 and a valve 44 wherein it
may be sent for storage via line 46 or through line 48 where it is sent for
further processi ks Lstd . Lat] i H%rtf I §EMAS8 to a
heat exchanger 5%@&@%@3&%%?%&8&?6%@%ﬁﬁ}aleiﬁdgg (g&age?{?& a d)fged for a
cryogeni c digagdduk d¢ddetreatni ThisHdeorbeitaniy bazatlitds, Adivabed lasiaj dkch géltand
respect to particular exanples thereof which should not be construed as
limting th@og@ﬁﬁéloﬂh&eé@?: EXAMPLES Exanpl e 1. Hz breakt hrough experi nent
with CO2 free dry air feed (Run No.1) An 1" ID vessel packed with

13X/ Pd- AA/ Carulite/ AA (fromtop to bottom

The section of the vessel used for converting H, to H,0 contains an oxidation
catalyst. This catalyst is preferably a noble metal catalyst such as supported
palladium. The last layer contains an adsorbent for removing water and/or carbon

dioxide which may be zeolites, activated alumina, silica gel and combinations thereof.



was used to evaluate the HZ renoval performance of Pd/ AA catal yst. The
adsorbents and catalysts were first regenerated at 200 Cwith a dry air
streamfree of H2, CO and CO2, followed with cooling to agbi ent tenperature
" with the sane regeneration gas stream A dry air feed stT ¥V 39 ai ni ng
3186 ppb HZ and 232 ppb CO was then introduced to the reactor at 18 C and
180 psia fromthe bottomof the bed. H2 and CO concentrations exiting the
Pd/ AA catal yst |ayer were neasured by a RGA-5 anal yzer to determne the

br eakt hrough tinme for both HZ and 0. Ex5arrpl e 2. Hz-breakthrough experinent
with CO2-containing dry air feed (Run No. 2) A simlar Hz breakthrough
experinment as descri bed BRIEXK®BICGERIPTMAN CRMHEDRAWIMGESh CO2 cont ai ni ng
dry air as feed to denonstrate the C02 effect on catalyst performance. The
feed air stream contains about 400 ppm CO2, 3128 ppb H2 and 214 ppb CO. -
3 NOV 2104 8 Sifn r s were nmeasured. The
results obt ai nedménﬁglgﬁh%%g%grl Qﬁ%ﬁ&?gﬁ%ﬁgyéggﬁm eln;lgﬁ apﬁghl"éﬁ(?gmﬁebel OW.
Tabl e | Hz doabmhadsds 1eit iy seBpetefddf No. 1Run No. 2Feed Pressure

(psi a)180180Feed Tenp. (C)1818Feed Vel ocity (ft/s)0.470.47H20 in Feed

(ppm <5<5CO in Feed (ppb)214232H2 in Feed (ppb)31283186C2 in Feed

(ppm 400<0. 1Anal yzer .LDL,for .Hz. 22 r eakt hrough Tinme (mn.) 75400 As
denonstrated in q{’§biésar§°hﬁ%P%§’§§1‘P%$%’§l?%°Eth the enieRshO BRI when

car bon di oxd TV e - : d gas. Wiile this invention has
been descr ﬁlﬁgessmg?ﬁﬁggggg%%%@??gh g(riggser'rbodi ments thereof, it is
apparent that nunerous other forns and nodifications of the invention wll
be obvious to those skilled in the art. The appended clains and this
Cnvention general |y sholiLARERDESCRIXHON GREHE INVENTIIN obyi ous f or ms and
nodi fications which are within the true spirit and scope of the present

i nventi on. 3 NOV Z004 9 Having thus described the invention, what we
claimis: 1. AtE %wirﬁeﬁmxﬂ?roaﬂﬁ_@fd}td $0cdRE @Eetedicy PHasited gildegisgaseous
product substantially purified frominpurities conprising a) renoving water
vapor fromRrodestedbs ihpedtiasiremayebare 3,0 Hg Copod i00,edn optjormbembediimegtss ai d

gaseous fee reamw th o%si.(%lati on cat al at tQ convert carbon nonoxide to
carbon di ox3igie mvention, oxides of nifrogen and trace hiydrocarbons are also removed from the

finished gaseous product.

Referring to the drawings, in particularly Fig. 1, there is shown a process for
production of purified gas. A feed gas stream, for example atmospheric air, is passed
via a line 2 to a compressor 4 wherein the gas is compressed to about 50 to 300 psig.
The compressed gas stream is sent via a line 6 to a heat exchanger 8 wherein it is
cooled prior to introduction via line 10 into a water separator 12 to remove liquid
water therefrom. The effluent from the water separator 12 is a temperature of from

about 5°C to about 70°C and is preferably in the range of about 20°C to about 45°C.

The gas is sent via line 14 through valve 16 and a line 20 to a treatment zone
25 within a single vessel 30 which contains a first adsorption zone 32, a first catalytic
zone 34, a second adsorption zone 36, a second catalytic zone 38 and a third
adsorption zone 40. In the alternative embodiment, zones 34 and 36 are switched

such that the second adsorption zone follows the first adsorption zone 32.



c) renoving carbon dioxide from said gaseous feedstream of steps (a) and
(b)~ . d) contacting said gaseous feedstreamof step (c) with an oxidation
* catal yst to convert hydrogen to water vapor; and e) reanin% wat er vapor

" fromsaid gaseous feedstream of step (d), thereby obtainrﬁb 8% 0
substantially purified gaseous product. 2. The process as clainmed in claim
1 wherein said gaseous feedstreamis air. 3. The process as clainmed in
“claim1 wherein said inpurities are selected fromthe group consisting of
hydr ogen, water vapor, carbon nonoxi de ahd carbon di oxi de. - 3 NOV 2004
10 4. The process as clainmed in claim1 wherein step (a) conprises
contacting sai d e brstisdfosptibnstone dthcontamsat iwasteme\bap of watarremogingdsor bent .

5. The process . as clained jn claim4 wherei.n said water vapor renoving
adsor bent i %dssg{ge%%@ng‘f #hactyrRtd Rl € 1%%‘310?3\9’/3&5@ 08 QOBPIRANS,

dsor bent i ¥4 i L
ol ai m 1 GEEPE; MEBLAMe SOMRMAR: RRal pE Bmebysc BAmREPEF AR Bl 0 ™

nmanganese amdectopevenodeadesatioh of ldleecpilgtie syers Theatsmptibmzaled2m 1 wherein
step (c) conprises contacting said gaseous feedstreamw th a carbon di oxide
renovi ng adeisfasEny compriseprpdaygred agiivaied dpmingeat silivagehand Flagpreofeenliteai d

carbon di oxi de remgvi ng<,adsqr bent, .i S. se d fromthe group consisting of
zeol ites, ascﬂcfe“\?ﬁtzg ltgllgﬁioﬁ§%%‘faqu‘l&lﬁ%ﬁ)gf d? Yombi nations thereof. 9 . The
process as claimed in claim1l wherein said oxidation catalyst of step (d)
is a noble nmetal catalyst. 10 . The process as clained in claim9 wherein

sai d nobl e net al Thagad stehmi then enters the first catalytic zone 34 wherein carbon
monoxide is converted to carbon dioxide. Preferably the catalyst material is a metal
oxide such as nickel oxide or a mixture of the oxides of manganese and copper. Most
preferably, a hopcalite-type catalyst is employed such as Carulite-300 manufactured

by Carus.

The thus treated gas enters the second adsorption layer 36 whereby CO, is
removed from the gas stream. The adsorbent is selected from activated alumina, silica
gel, zeolites and/or combinations of them. Preferably the treated gas contains no more
than about 1.0 ppm carbon dioxide. This treated gas thus enters the second catalytic
zone 38 wherein the hydrogen present in the gas is converted to water vapor. The
catalysts useful in this layer include supported palladium and other noble metal
catalysts known in the art. Preferably, this is an eggshell type Pd catalyst such as that

available from Engelhard.

The last layer 40 comprises the third adsorption zone wherein water vapor is
removed from the treated gas stream. In the embodiment where layers 34 and 36 are
exchanged, it is also necessary to have a carbon dioxide adsorbent present in layer 40.
Accordingly, the adsorbent can be activated alumina, silica gel, zeolites and/or

mixtures thereof.



supported palladium 11 . The process as claimed in claim1l wherein step
(e) conprises contacting said gaseous feedstreamw th a water vapor

renovi ng adsorbent. 12 . The process as clained in claim] rfyn sai d
~ water vapor renoving adsorbent is selected fromthe group consisting of
activated alumna, silica gel, zeolites and conbi nations thereof. 3 NDV

. ~0~ 11 13 . The process as claimed in claiml| further conprising contacting
sai d gaseous feedstreamw th an adsor ben,} to renmove hydrocarbon and oxides
of nitrogen. 14 . The process as clainmed in claim21 further conprising the
step of cryogenically separating the conponents of step (e). 15 . The
process as cl ai n@dﬁfiaitemaézwmembﬂﬂme@ft,mntdddltmgMOﬂH)tgguEygggay1@5?ddagt';ggre rr:al

i ' is free,of H2, CO CO2, , oxi des of ni
and by dr ocabise (& ST ES5E affeER T i wT Jogemiay beepadsubon sach 5.4
AL FY. A9. A@&olild, - A A. AasY. A?. Ah, Y. Al , . A{" (rrP?
&ls| wr ch%gg%éa] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] g:a] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRa] ca] ca! PF>1: +: & A! zupj e [ V] ca] ca] ca] cal] ca]
ca] cal] ca] ca] c”a]cal ca] c”a] ca] ca] ca] ca] ca] ca] ca] cg] ca] ca] ca] ca] ca] ca] cal] caj
ca] ca] ca] cal | ### S5 SR00 8D 11(q<t¢¢a(tl(n(:1)t)\)e@ﬂ-rthmfg}} quAmmm{a%:li@; ]éi Ea}fjc!afila
S ool ool ahaahanhaghe b rsidhge Hhifl Ut ALSEH fndhs Therl £ %ne &)
+----H. ... /MfthéFR00R%ing 53 5} hik&%%éié%ﬁs‘!ﬂﬂﬁéé?ﬁk ﬁ:&?%ﬂ‘ﬁ}ﬁeqé} Jolcaaﬂ cal ca] ca] cagcg
] ca] ca] ca] ca] ca] ca%(;a] ca] call caJca] ca] cal ca]ca ca]Talca] ca] ca ca] ca] ca] ca]
a] ca] cal | 55%6bB®Eer YT trpalnosgh lind &1 Whidh? RABSt/ B41kal febd v adiosodnld cal cal cal ¢
a] ca] ca] ca] a}hf:? ca (%a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca(?% al%’? " 100& () -

The invention will now be described with respect to particular examples

thereof which should not be construed as limiting the scope thereof.

EXAMPLES

Example 1. H, breakthrough experiment with CO, free dry air feed (Run No. 1)

An 1" ID vessel packed with 13X/Pd-AA/Carulite/AA (from top to bottom)
was used to evaluate the H, removal performance of Pd/AA catalyst. The adsorbents
and catalysts were first regenerated at 200 °C with a dry air stream free of H,, CO and
CO,, followed with cooling to ambient temperature with the same regeneration gas
stream. A dry air feed stream containing 3186 ppb H, and 232 ppb CO was then
introduced to the reactor at 18 °C and 180 psia from the bottom of the bed. H, and
CO concentrations exiting the Pd/AA catalyst layer were measured by a RGA-5
analyzer to determine the breakthrough time for both H, and CO.

Example 2. H, breakthrough experiment with CO, containing dry air feed (Run No. 2)

A similar H, breakthrough experiment as described in Example 1 was carried out with
CO, containing dry air as feed to demonstrate the CO, effect on catalyst performance.

The feed air stream contains about 400 ppm CO,, 3128 ppb H, and 214 ppb CO.
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Similar H, and CO breakthrough curves were measured. The results obtained in both

experimental runs are summarized in Table I below.

Table ]
H, Catalyst Performance

Run No. 1 Run No. 2
Feed Pressure (psia) 180 180
Feed Temp. (°C) 18 18
Feed Velocity (ft/s) 0.47 0.47
H,O in Feed (ppm) <5 <5
CO in Feed (ppb) 214 232
H, in Feed (ppb) 3128 3186
CO, in Feed (ppm) ~400 | <0.1
Analyzer LDL for H, (ppb) 2 2
H, Breakthrough Time (min.) 75 400

As demonstrated in Table I, hydrogen breakthrough time is much longer when

carbon dioxide has been removed from the feed gas.

While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and modifications of
the invention will be obvious to those skilled in the art. The appended claims and this
invention generally should be construed to cover all such obvious forms and

modifications which are within the true spirit and scope of the present invention.
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Having thus described the invention, what we claim is:
1. A temperature swing adsorption process for producing a gaseous producf
" substantially purified from impurities comprising '
a) removing water vapor from a gaseous feedstream containing
impurities;
b) contacting said gaseous feedstream with an oxidation catalyst to
convert carbon monoxide to carbon dioxide;
c) removing carbon dioxide from said gaseous feedstream of steps (a) and
(b);
d) contacting said gaseous feedstream of step (c) with an oxidation
catalyst to convert hydrogen to water vapor; and
e) removing water vapor from said gaseous feedstream of step (d),

thereby obtaining said substantially purified gaseous product.
2, The process as claimed in claim 1 wherein said gaseous feedstream is air.

3. The process as claimed in claim 1 wherein said impurities are selected from

the group consisting of hydrogen, water vapor, carbon monoxide and carbon dioxide.
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6. The process as claimed in claim 1 wherein said oxidation catalyst of step (b) is

a mixture of manganese and copper oxides.

7.  The process as claimed in claim 1 wherein step (c) comprises contacting said

gaseous feedstream with a carbon dioxide removing adsorbent.

8. The process as claimed in claim 7 wherein said carbon dioxide removing
adsorbent is selected from the group consisting of zeolites, activated alumina, silica

gel and combinations thereof.

9. The process as claimed in claim 1 wherein said oxidation catalyst of step (d) is

a noble metal catalyst.

10. The process as claimed in claim 9 wherein said noble metal catalyst is

supported palladium.

11. The process as claimed in claim 1 wherein step (e) comprises contacting said

gaseous feedstream with a water vapor removing adsorbent.

12. Theprocess as claimed in claim 11 wherein said water vapor removing
adsorbent is selected from the group consisting of activated alumina, silica gel,

zeolites and combinations thereof,
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14, The process as claimed in claim 1 further comprising the step of cryogenically

separating the components of step (e).

15. The process as claimed in claim 1 wherein the regeneration gas for the thermal

- swing adsorption process is free of H,, CO, CO,, H,0, oxides of nitrogen and

hydrocarbons and is obtained from a cryogenic separation unit,



