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to a
net hod .for removing gaseous inpurities fromfeed gas st ransJUﬂrfUﬁZ pressure
SWi ng adsorption unit. More particularly, the present invention provides
for a nethod for renoving 10 hydrogen; carbon nonoxide, water and carbon
dioxide froma feed gas streamprior to its introduction into a cryogenic
distillation unit. BACKGROUND OF THE | NVENTI ON 15 Adsorption is well
established as a unit operation for the production of pure %ases, t he

purification pPfRUASHSTION OFMEASHES BMJPQES&UREC&\NlNG‘IBDISGRIP K&N  physi cal
and/or chem cal handling, and for the treatment of fluid waste streans.
Purification and separation of atnospheric air conprises one of the 20 main
areas in which adsorption methods are widely used. For an increase of

their efficiency, novel adsorbent formularies and processes of their
utilization are being sought pernanently. One of the areas of strong
commercial and technical interest represents pre-purification of air
beforesits cryogenic distill EtEldhO%hiEeWVBN&lo ON25 air separation units
(ASUs) for the production of nitrogen, N2, and oxygen, 02, and also for
argon, Ar, by the cryogenic separation of air are basi caIIy

The present invention relates to a method for removing gaseous
impurities from feed gas streams in a pressure swing adsorption unit. More
particularly, the present invention provides for a method for removing

10  hydrogen, carbon monoxide, water and carbon dioxide from a feed gas

stream prior to its introduction into a cryogenic distillation unit.

BACKGROUND OF THE INVENTION
15
Adsorption is well established as a unit operation for the production of
pure gases, the purification of gases and their mixtures up-front, their further
physical and/or chemical handling, and for the treatment of fluid waste
streams. Purification and separation of atmospheric air comprises one of the
20 main areas in which adsorption methods are widely used. For an increase of
their efficiency, novel adsorbent formularies and processes of their utilizatibn

are being sought permanently.

One of the areas of strong commercial and technical interest
represents pre-purification of air before its cryogenic distillation. Conventional
25  air separation units (ASUs) for the production of nitrogen, N,, and oxygen, O,,
and also for argon, Ar, by the cryogenic separation of air are basically
comprised of two or at least three, respectively, integrated distillation columns
which operate at very low temperatures. Due to these low temperatures, it is

essential that water vapor, H,0, and carbon dioxide, CO,, is removed from
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. »corr'pri sed of two or at least three, respectively, integrated distillation
colums which operate at very |ow tenperatures. Due to these |ow
tenperatures, it is essential that water vapor, H2O and carbon di oxi de,

C2, is removed from AIMVIIIVITI~I~I~VITIVITE~IEE~ft 0 0 0 0 0 L 11
(et ettt vE LT viE L1 *C0002* *159159* 2 the
conpressed air feed to an ASU. If this_is not done, the |ow tenperature

sections of the ASUw Il freeze up mak?ng it necessary to halt production

and warmthe clogged sections to revaporize and renove the offending solid
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gases of th&ghthdrocarbons and nitrous oxide, N,O, may also be present in the air
feed to the cryogenic temperature distillation columns, and they must as well
10  be removed up-front the named separation process to prevent hazardous

process regime.

A process and apparatus for the pre-purification of air must have the
capacity to constantly meet the above levels of contamination, and hopefully
exceed the related level of demand, and must do so in an efficient manner.

15 This is particularly significant since the cost of the pre-purification is added

directly to the cost of the product gases of the ASU.

Current commercial methods for the pre-purification of air include
reversing heat exchangers, temperature swing adsorption, pressure swing

adsorption and catalytic pre-purification techniques.

20 Reversing heat exchangers remove water vapor and carbon dioxide by
alternately freezing and evaporating them in their passages. Such systems
require a large amount, typically 50 % or more, of product gas for the
cleaning, i.e., regenerating of their passages. Therefore, product yield is
limited to about 50 % of feed. As a result of this significant disadvantage,

25  combined with characteristic mechanical and noise problems, the use of
reversing heat exchangers as a means of air pre-purification in front of ASUs

has steadily declined over recent years.



"~ Qurrent conmercial nmethods for the pre-purification of air include
reversing heat exchangers, tenperature sw ng adsorption, pressure sw ng
aQsorptlon and catalytic pre-purification techniques. 20 Reversing heat
exchangers renove water vapor and carbon dioxide by alternately freezing
and evaporating themin their passages. Such systems require a large
anount, typically 50 %or nore, of product gas for the cleaning, i.e.
regenerating of their passages. Ther ef dr e, product yieldis I|imted to
about 50 % of feed. As a result of this significant disadvantage, 25

conbi ned wi th ¢hagmpeeitig swingesivanpticd (E8W) pre-pwiffipatibhefsir, the use of
reversing heat exchangers as a means of air pre-purification in front of
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despite o elng nore cost-effective than the reversing heat xchéangers'
gas and heating units to heat the regeneration gas. They may, therefore, be
10 disadvantageous both in terms of capital costs and energy consumption
despite of being more cost-effective than the reversing heat exchangers’

principle referred to above.

Pressure swing adsorption (PSA) (or pressure-vacuum swing
adsorption (PVSA)) processes are an attractive alternative to TSA processes,

15 for example, as a means of air pre-purification, since both adsorption and
regeneration via desorption, are performed, as a rule, at ambient
temperature. PSA processes, in general, do require substantially more
regeneration gas than TSA processes. This can be disadvant'ageous if high
recovery of cryogenically separated products is required. If a PSA air pre-

20 purification unit is coupled to a cryogenic ASU plant, a waste stream from the
cryogenic section, which is operated at a pressure close to ambient pressure,
is used as purge for regenerating the adsorption beds. Feed air is passed
under pressure through a layer of particles of activated alumina, to remove
the bulk of H,0 and CO,, and then through a layer of zeolite particles such as

25  of the FAU structural type, e.g., NaX zeolite, to remove the remaining low
concentrations of H,0 and CO, . Arrangement of the adsorbent layers in this
manner is noted to increase the temperature effects, i.e., temperature drops

during desorption, in the PSA beds. In other configurations, only activated



principle referred to above. Pressure swi ng adsorption (PSA) (or
pressure-vacuum swi ng adsorption (PVSA)) processes are an attractive
alternative to TSA processes, 15 for exanple, as a neans of air .
pre-purification, since both adsorption and regeneration via desorption,
are perforned, as a rule, at anbient tenperature. PSA processes, in
general, do require substantially nore regeneration gas than TSA
processes. This can be di sadvant ageous4if high recovery of cryogenically
separated products is required. If a PSA air pre 20 purification unit is
coupl ed t%{l}&nﬁfaYi@Q%@HQoA@Md%ﬂfﬁthmO/\@ﬁ@ €G}frearfebdain tTies cryogenic
section, Ich 1s operated at a pressure close to anbient pressure, is
used as puargmgeonentégetameaditogediee destemnaratreefiectsreed air is passed
under pressure through a layer of particles of activated alum na, to renove
t he bul k of H20O and C02, and then through a |ayer of g_lolite &afrti cl es such
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CO2 from fatgstesént, tHhTSA procassg basho besiseddfioredch applicationst hEhig enper at ur e
effects. In addition, sone applicatiqps require the renoval of H2 and CO
from the raawitsinhigher ﬁ@?tépg “g&? BE%BEf'ﬁ‘batioﬁ‘qﬂ"?éerer@%ﬁ‘«?ﬁ?coraf:gﬁqsl' ation
colum to 5 produce H2 and CO free nitrogen, oxygen, argon and other air
conponent s.

SUMMARY OF THE INVENTION

10
The present invention provides for a process for removing gaseous
impurities including H, and CO, from a feed gas stream comprising the steps
of:
15 a) removing water from the feed gas stream;
b) contacting the feed gas stream with an oxidation catalyst to
convert carbon monoxide to carbon dioxide;
20 c) removing carbon dioxide from the feed gas stream;,

d) contacting the feed stream gas with a catalyst to convert

hydrogen to water; and

25 e) removing the water generated by converting the hydrogen.



" At present, the TSA process has to be used for such applications. This
results in higher costs of the pre-purification systemfor these processes.
SUMVARY. OF THE | NVENTI ON 10 The present invention provides for a process
for renoving gaseous inpurities including H2 and CO, froma feed gas
stream conprising the steps of: 15 a) renoving water fromthe feed gas
stream b) contacting the feed gas streamw th an oxidation catalyst to
convert carbon nonoxide to carbon dioxPde; 20 c¢) rempving carbon dioxi de
fromthe feed gas stream d) contacting the feed streamgas wth a catal yst

to conver ioptipHiipasdditionaiaapérs raay beeraployediy remova dracettedroearboas ed by
converting the hydrogen. 5  Optionally, additional |ayers nay be enployed
to renpve andapxidés df pitregeofrom dnel fesd Sleeamigas. tFisiebiy. dhe tf"?%j $88Mst r eam

gas. Preferahbhly, the feed stream gas i§.air i 1.1
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process f @epaedtion ugt (eSEpus inpurities froma gas feed streamprior to
its introduction into a cryogenic

DETAILED DESCRIPTION OF THE INVENTION

10 The present invention provides for a process for removing gaseous
impurities from a gas feed stream prior to its introduction into a cryogenic
distillation column of an air separation unit. The process comprises a
pressure swing adsorption process for removing water, hydrogen, carbon
monoxide and carbon dioxide as gaseous impurities from the feed stream

15 gas.

The process comprises passing a feed stream gas containing these

impurities through a five-layer bed. In the first layer, water is adsorbed using
a typical water adsorbent. In the second layer, a catalyst oxidizes carbon

20 monoxide to carbon dioxide. In the third layer, ambient carbon dioxide and
carbon dioxide generated in the second layer is removed. Inthe fourth layer,
a catalyst oxidizes hydrogen into water, and in the last and fifth layer,
moisture generated in the fourth layer is adsorbed. The five layers are
present in a single treatment zone, preferably in a single vessel which will

25 include the three adsorbent layers and the two catalyst layers.

The first adsorbent layer may be any adsorbent for water such as
activated alumina, silica gel or an X type zeolite such as NaX zeolite. This

layer may also be a composite of these materials.



distillation colum of an air separation unit. The process conprises a
pressure sw ng adsorption process for renoving water, hydrogen, carbon
nonoxi de and carbon di oxi de as gaseous inpurities fromthe feed stream 15
gas. The process conprises passing a feed streamgas containing these
inmpurities through a five-layer bed. In the first layer, water is adsorbed
using a typical water adsorbent. In the second | ayer, a catal yst oxidizes
carbon 20 nonoxide to carbon di oxide. fn the third layer, anbient carbon

di oxi de and carbon di oxi de generated in the second |layer is renmoved. In
the fourth layer, a catalyst oxidizes hydrogen into water, and in the |ast
and fifth layer, nmoisture generated in the fourth |layer is adsorbed. The
five layers ard&hepsexsmtlayer cordainipethe exidaton catahst iplypicallym petal a single

vessel which will 25 incluyde.the th g I
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seconds| ay®D mantRichired byntecRaatCloemival Goygdanys typically a netal oxide
such as a nickel oxide or mxtures of oxides of manganese and copper.
Preferably, the catalyst material is a Hopcalite type catal yst such as
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Preferably, the third layer adsorbent material also adsorbs water and may
10 also be a composite material. The third layer type X zeolite material is
preferably a sodium LSX type zeolite which is a zeolite X type material with a

silicon to aluminum atomic ratio in the range between 0.9 and 1.1.

The fourth layer is a supported palladium or other noble metal catalyst
15 such as an egg shell type palladium catalyst available from Engelhard but
preferably is a palladium based catalyst on a hydrophobic support or a
catalyst comprising promoted platinum, palladium and tin oxide on a support

available as Sofnocat® from Molecular Products Co.

20 The fifth layer removes the moisture generated in the fourth layer. It
may be any adsorbent for water such as activated alumina, silica gel or an X
type zeolite such as NaX zeolite. This layer may also be a composite of

these materials.

25 The optional sixth and seventh layers can be employed to remove
trace hydrocarbons and oxides of nitrogen. These layers may also be
composite layers. Typically, the hydrocarbon adsorbent is selected from the

group consisting of types A and X zeolites and silica gel. The oxides of



Preferably, the third layer adsorbent material also adsorbs water and nmay
10 al so be a conposite material. The third layer type X zeolite material is
p(eferably a sodium LSX type zeolite which is a zeolite X type materi al
wi'th a silicon to alum numatonmic ratio in the range between 0.9 and 1.1.
The fourth layer is a supported pall adiumor other noble netal catalyst 15
such as an egg shell type palladiumcatalyst available from Engel hard but
preferably is a palladium based catal yét on a hydrophobi c support or a
catal yst conprising pronoted platinum palladiumand tin oxide on a support
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renoves the sture generated 1n the fourth layer. It nmay be any

adsor bent tymes ApKeor ¥uch as activated alumina, silica gel or an X type
zeolite such as NaX zeolite. This layer may also be a conposite of these
materials. 25 The optional sixth and seventh |ayers can be enployed to
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convert hyfr Qaaiof RMEViRG cARorP8ioxide from the feed gas stream can be
performed before the feed gas stream contacts an oxidation catalyst to
10 convert carbon monoxide to carbon dioxide. Under this sequence of steps,

water is also removed by the carbon dioxide removal adsorbent.

The pressure swing adsorption process of the present invention can be

performed at any of the usual and well-known pressures employed for gas

15 phase pressure swing adsorption processes. This pressure envelope may
vary widely but is dependent upon the pressure at which adsorption takes
place as well as the pressure at which the desorption of the gas occurs.
Typically, this ranges about 20 bara in the adsorption step to about 0.05 bara
in the purge step with a range of about 10 bara to about 0.15 bara preferred

20 and a range of about 6 bara to about 1 bara most preferred. The temperature
at which the pressure swing adsorption is carried out will typically range from
about 5°C to about 55°C for the adsorption step. However, temperatures as

high as 200°C may be employed.

25 The invention will now be described with respect to particular examples

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

EXAMPLES



- performed before renoving carbon dioxide fromthe feed gas stream Al so

the 'step of renoving carbon dioxide fromthe feed gas stream can be
performed before the feed gas stream contacts an oxidation catalyst to 10
convert carbon nonoxi de to carbon dioxide. Under this sequence of steps,
water is also renoved by the carbon dioxide renoval adsorbent. The pressure
swW ng adsorption process of the present invention can be perfornmed at any
of the usual and well-known pressures &nployed for gas 15 phase pressure
SW ng adsorption processes. This pressure envelope nmay vary widely but is
dependent gyponthe pressure at which adsorption takes place as well as the
pressure af—mfgth'the desorption of the gas occurs. Typically, this ranges
about 20 bara in the adsorption step to about 0.05 bara in the purge step
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Table 1

Feed Step: 12 minutes at a feed pressure of 80.5 psia and a feed
temperature of 25°C, air flow rate of 3.88 scfm

Vent Step: 1 minute

Purge Step: 9 minutes, purge gas pressure of 22.7 psia and a temperature
of 25°C and purge gas nitrogen flow rate of 3.5 scfm

Re-Pressurization Step: 2 minutes with nitrogen from the top of the bed

10 Ambient air was used as feed in this example. A RGA-5CO/H2 Trace
analyzer was used to measure hydrogen and carbon monoxide
concentrations in the feed stream gas, the feed stream gas after the Carulite
layer and product stream. Table 2 summarizes the hydrogen and carbon
monoxide concentrations in the different gas streams measured during feed

15 step after three weeks of continuous cyclic experiments.

Table 2
Time Feed End After Carulite Product
H,(ppb) CO(ppb)  H(ppb) CO(ppb) H,(ppb) CO(ppb)

0 2071 114.9

3 191.7 0.2 1.0 0.9
9 208.3 0.4 7.2 0.7
12 211.9 0.0 10.1 1.3




5 inches of activated alum na available from Al can as AA300 at the bottom
12 inches of the Carulite(r)-300 nmaterial, then 12 inches of Sof nocat
catalyst. Table 1 lists the experinmental conditions. Table 1 Feed Step: 12
mnutes at a feed pressure of 80.5 psia and a feed tenperature of 25C air
flowrate of 3.88 scfmVent Step: 1 mnute Purge Step: 9 m nutes, purge gas
pressure of 22.7 psia and a tenperature of 25C and purge gas nitrogen flow
rate of 3.5 scfm Re-Pressurization St@p: 2 minutes with nitrogen fromthe
top of the bed 10 Anbient air was used as feed in this exanple. A

RGA-5CO H2 Tr acghe altdlity 287 suMisariced in TabRs dlearinshonothat aacbarar bon nmonoxi de
concentrations in the feed streamgas, the feed streamgas after the

Carul i te rhayexidamdaspcandpletely remaned Dyithe Carslitereidation eatalysywhdgen and
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Example 2

Experiments similar to those described in Example 1 were repeated
with a higher hydrogen and carbon monoxide air feed by injecting 2%
10 hydrogen and 3.22% carbon monoxide into the feed air. The results of this

testing are given in Table 3.

Table 3
Time Feed End After Carulite Product
H,(ppb) CO(ppb)  Hy(ppb)  CO(ppb) H,(ppb) CO(ppb)

0 31205 5024.0

3 350.0 3.6 0.0 20

6 589.6 2.8 : 0.0 1.8

9 911.0 1.4 227.8 2.4

12 2417.3 4.1 546.8 2.6

As demonstrated in Table 3 and Example 2, all the carbon monoxide in
15 the air, approximately 5000 ppb, was effectively removed by the Carulite
oxidation catalyst layer. Hydrogen was partially removed by the Carulite and
further removed by the Sofnocat catalyst. H, broke through from the product
stream and reached 546.8 ppb at the end of the feed step. However, more
than 95% of hydrogen in the feed air was removed by a combination of the

20 Carulite and Sofnocat catalysts during the feed step.

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



9 'The results as summarized in Table 2 clearly show that carbon nonoxi de
was conpletely renoved by the Carulite oxidation catalyst while hydrogen
was effectively renmoved from approxi mately 200 ppb to about 10 ppb by the
Sof nocat oxidation catal yst under the experinental conditions. 5 Exanple 2
Experiments simlar to those described in Exanple 1 were repeated wth a
hi gher hydrogen and carbon nonoxide air feed by injecting 2% 10 hydrogen
and 3.22% carbon nonoxide into the fed® air. The results of this testing
are given in Table 3. Table 3 Tine Feed End After Carulite Product H2(ppb)
CIprb) F@bg@ﬁﬂeé%EMﬁbhnﬁ@éﬁﬂhﬁﬂ@%ﬂd&ﬁ&al RAAQ be &fhdfrued3o3p0epalB. 6 0.0

: 6 589 1.8 9 911.0 1.4 227.8 2.4 12 2417.3 4.1 546.8 2.6
As dermns‘suetn ebvious Tatrhe aﬁdﬂddlmam%wnlchare withén the tiue sPFi@adde in 15 the
ai r, approxi mat b{ 5000 PPb’ ras effectively renoved by the Carulite
oxidationSE%E%Pg e PRPeN NMPAHEYen was partially renmoved by the Carulite
and further renoved by the Sof nocat catal yst. H2 broke through fromthe
pr oduct
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stream and reached 546.8 ppb at the end of the feed step. However, nore

t han 95% of hydrogen in the feed air was renoved by a conbination of the 20
Carul-ite and Sof nocat catalysts during the feed step. Wiile this invention
has been described with respect to particular enbodinents thereof, it is
apparent that nunerous other forns and nodifications of the invention wll
be obvious to those skilled in the art. The 10 appended clains in this

i nvention generally should be construdd to cover all such obvious forns
and nodifications which are within the true spirit and scope of the
present i ppeMg s deberibed itha invensiod ewhai wedldikeist nvention, what we claim
is: 1. Aprocéss for renoving inpurities froma gaseous feed stream
conprising: a) renoving water from said gaseous feed stream 5 b)
contacting said gaseous feed streamw th an oxidation catalyst to convert
car bon nDnoxide to carbon dioxide; c) renmoving said carbon dioxide from
sal d Teedygas alfeetbs diGefloiRIABINN Ao asaRtcbdragnicam wi th an
OX|dat|on catalyst to conver ydrogen to wa and e) renoving said

wat er frogoswpridirgaseous feed stream

a) removing water from said gaseous feed stream;

5
b) contacting said gaseous feed stream with an oxidation catalyst
to convert carbon monoxide to carbon dioxide;
c) removing said carbon dioxide from said feed gas stream;
10

d) contacting said gaseous feed stream with an oxidation catalyst

to convert hydrogen to water; and

e) removing said water from said gaseous feed stream.

2. The process as claimed in claim 1 wherein said gaseous feed stream
is air.
3. The process as claimed in claim 1 wherein said impurities are selected

from the group consisting of hydrogen, water, carbon monoxide and carbon

dioxide.

4. The process as claimed in claim 1 wherein said process is a pressure

swing adsorption process.



- 2. The process as claimed in claim1 wherein said gaseous feed stream is
air. 3. The process as clained in claim1l wherein said inpurities are
selected fromthe group consisting of hydrogen, water, carbon nmonoxide and
carbon dioxide. 4. The process as clainmed in claim1 wherein said process
isS a pressure sw ng adsorption process. Ilk 12 5. The process as cl ai ned
in claiml wherein step (a) conprises contacting said gaseous feed stream
with a water renoving adsorbent. 6. ThBe process as clainmed in claim5
wherein said water renoving adsorbent is selected fromthe group

consi sting of gpkipatess at eimed isicldi®d wirreinZte (4)psorapadsewbi nat i ons
thereof. 7. The process as clainmed in claim1l wherein said oxidation

cat al yst obntastieg sél) gaseausfieetiateeanh withreywateroemaying pgeerbent.des. 8. The
process as claimed in claim7 wherein said m xture of manganese and copper
oxide is Mi02-CuO 9. The process as clained in claim1 wherein said

oxi dat i ongcat al‘l’)‘\lﬁtp{r_%ci%s_sé%%legi%diiﬁ cfaiftPs WA A% QA t&eftoifig on @

hydr ophobr'c suppor process as claimed in claim1 wherein said

oxi dat i onagsbdeysis sdlectedeorndhe igsowp sopsistingdf actvatee dlyrhiagi silica pal | adi um
and tin oxide based catalyst.
gel, zeolites and combinations thereof.

7. The process as claimed in claim 1 wherein said oxidation catalyst of

step (b) is a mixture of manganese and copper oxides.

8. The process as claimed in claim 7 wherein said mixture of manganese

and copper oxide is MnO,-CuO.

9. The process as claimed in claim 1 wherein said oxidation catalyst of

step (d) is a palladium based catalyst on a hydrophobic support.

10.  The process as claimed in claim 1 wherein said oxidation catalyst of
step (d) is a supported promoted platinum, palladium and tin oxide based

catalyst.

11.  The process as claimed in claim 1 wherein step (c) comprises
contacting said gaseous feed stream with a carbon dioxide removing

adsorbent.

12.  The process as claimed in claim 11 wherein said carbon dioxide
removing adsorbent is selected from the group consisting of zeolites,

activated alumina, silica gel and combinations thereof.



11. The process as clainmed in claim1l wherein step (c) conprises
cont'acting said gaseous feed streamw th a carbon di oxide renoving
adsorbent. 12. The process as clained in claim 11l wherein said carbon

di oxi de renoving adsorbent is selected fromthe group consisting of
zeolites, activated alumna, silica gel and conbinations thereof. 13 13.
The process as clainmed in claiml further conprising contacting said
gaseous feed streamwith an adsorbent 8o renove trace hydrocarbons and

oxi des of nitrogen. 14. The process as clained in claim1l further

conpri si ng3t he TRbGRoBEss 5§ KRHMBHGA ClaImS e RAtHSricdenprivng tottacting baidhe
pressure sw ng adsorption process. 15. The process as clainmed in claim1l

wher ei n sgasestefeeditréam pett an mddortsat ¢ eervpwp traek hydeocarhenpPbless as
claimed in claiml wherein step (e) conprises contacting said gaseous feed
stream wi PKIOgS\WAHFOG&hovi ng adsorbent. 17. The process as clai med in
claim 16 wherein said water renoving adsorbent is selected fromthe group
consisting of activated alumna, silica gel, zeolites and conbi nations

thereof. 18, ThHeenrocessassiaimedinglidim tfathericomprisieg thessiep ofat er renovi ng
adsorbent will also renove carbon dioxide fromsaid gas stream 19. The
process asrydgeniaadyiseperating thepredectoidhepressuresviag AgsrEto: i or

process.

15.  The process as claimed in claim 1 wherein said step (d) is performed

before step (c).

16.  The process as claimed in claim 1 wherein step (e) comprises

contacting said gaseous feed stream with a water removing adsorbent.

17. The process as claimed in claim 16 wherein said water removing
adsorbent is selected from the group consisting of activated alumina, silica

gel, zeolites and combinations thereof.

18.  The process as claimed in claim 17 wherein said water removing

adsorbent will also remove carbon dioxide from said gas stream.

19.  The process as claimed in claim 1 wherein step (c) is performed prior

to step (b).

20. The process as claimed in claim 19 wherein H,0 is also removed in

step (¢ ).

21. A pressure swing adsorption process for removing impurities from a

gaseous feed stream comprising:



- to'step (b). 20. The process as clained in claim19 wherein H0 is al so
renoved in step (c ). 21. A pressure sw ng adsorption process for renoving
inpurities froma gaseous feed stream conprising: 14 passing said gaseous
feed streamthough a reaction zone containing four |ayers wherein the first
| ayer conprises a water adsorbent; the second |ayer conprises an oxidation
catal yst for converting carbon nonoxide to 5 carbon dioxide; the third

| ayer conprises an oxidation catal yst ldor converting hydrogen to water;
and the fourth layer conprises a carbon dioxide adsorbent. 22. The process
as claimed in claim 21 wherein said gaseous feed stream is air. 23. The
process as clainmed in claim21 wherein said water renoving adsorbent is
sel ect ed from phssigysaid gassius ferg sifearn thaughea reactiamzons conteiningel |

zeolites and conbinations thereof. 24. The process as clainmed in,claim?2l
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clained i Wherern'said m-xture ganese and copper oxide is
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catal yst for

hydrogen to water; and the fourth layer comprises a carbon dioxide

adsorbent.

22. The process as claimed in claim 21 wherein said gaseous feed stream

is air.

23. The process as claimed in claim 21 wherein said water removing
adsorbent is selected from the group consisting of activated alumina, silica

gel, zeolites and combinations thereof.

24. The process as claimed in claim 21 wherein said oxidation catalyst for
converting carbon monoxide to carbon dioxide is a mixture of manganese and

copper oxide.

25. The process as claimed in claim 24 wherein said mixture of

manganese and copper oxide is MnO,-CuO.

26. The process as claimed in claim 21 wherein the oxidation catalyst for
converting hydrogen to water is a palladium based catalyst on a hydrophobic

support.

27.  The process as claimed in claim 21 wherein said oxidation catalyst for
converting hydrogen to water is a supported promoted platinum, palladium

and tin oxide based catalyst.



' converting hydrogen to water is a palladium based catal yst on a hydrophobic
support. 27. The process as clained in claim21 wherein said oxidation
catatyst for converting hydrogen to water is a supported pronoted
pfatinum palladium and tin oxide based catalyst. 15 28. The process as
claimed in claim21 wherein said carbon dioxide adsorbent is selected from
the group consisting of zeolites, activated alumna, silica gel and

conbi nations thereof. 29. The process l& clained in claim21 wherein said
pressure swing adsorption process operates at a range of 20 bara in the
adsorption step to about 0.05 bara in the purge step. 30. The process as
claimed in claim21 wherein said pressure swing adsorption process
operates 28.a f{TéepgEDaess asichaimed in st 21 wihestid waibcathen dipyide 55C for t he

adsorpt| Ogdgéreb%nt is selected from the group consisting of zeolites, activated alumina,

silica gel and combinations thereof.

29.  The process as claimed in claim 21 wherein said pressure swing
adsorption process operates at a range of 20 bara in the adsorption step to

about 0.05 bara in the purge step.

30. The process as claimed in claim 21 wherein said pressure swing
adsorption process operates at a temperature in the range from about 5°C to

about 55°C for the adsorption step.



