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o~~~ 101 r e 11166166 1 MPROVED CARBON

MONOXI DE PRODUCTI ON PROCESS BACKGROUND OF THE
| NVENTI ON 5 The present application provides for—anm——

i mproved net hod of enhancing carbon j
production while mnimzing the assoc@ﬂﬂ@“‘@mwwwm
byproduct. Carbon dioxide is ded to

reactor producing syngas by catalytic parti%®”

oxi dation of a hydrocarbon feed to reduce the hydrogen.
10 contEMRAWED GARRGN MaNOX! Db M0 Bt o MROCHI R
syngas. Menbranes are enployed to separate the
hydrogen and carbon dioxide fromthe carbon nonoxi de
product and a reverse shift reactor is further

. enpl oyed to convert the hydrogen and carbon di oxide

byproducts to 1BAGH&RO @rar bignINYRNXI@d.  Cert ai n
i ndustrial applications require a carbon nonoxide
purity of 98 to 99% for exanple acetic acid

manuf aﬁielpﬁasem%pb}{@ﬁtﬁﬁﬁ@robms%ﬂéh inRPeRL #Ie@ﬁ’od"'otf'énhanomg
carbon nonoxi de production has |ittle econom c val ue

&arken manaxide pragsictioalwhile mininizing éhe pesoaitited hydrogen

{0 id
e
dyctatplytic peses dxifdtivteot £ ayatothtsors RN eataithe hydrogen
autothermal catalytic refornming, catalytic parti al

Genieatiand RREPFRsnCarRpAINenexigacontant of thrsyogas.Each of
these processes has advantages and di sadvantages and
produce various ratios of hydrogen and carbon.

nonoxilembadses kreoempicy eyt Sesrategthe. hyGabgély aind carbon
oxi dat i s an exothernic reaction wherein a

rti al [
B8 oBA s R w MeleCs P REURATY SaRvEaR MK reactoris
PXNITS e BB 5y oD @R the YR réFerfhhd carbon dioxide byproducts to

ad'ditio_nal carbon monoxide.

Certain industrial applications require a carbon morioxide purity of 98
to 99%, for éxample acetic acid manufacture. The hydrogen byproduct
associated with carbon monoxide production has little economic value or at

best fuel value.

The conversion of hydrocarbons to hydrogen and carbon monoxide
containing géses is well known in the art. Examples of such processes include
catalytic steam reforming, autothermal catalytic reforming, catalytic partial
oxidation and non-catalytic partial oxidation. Each of these processes has
advantages and disadvantages and produce various ratios of hydrogen and

carbon monoxide, also known as synthesis gas.

_ Catalytic partial oxidation is an exothermic reaction wherein a
hydrocarbon gas, such as methane, and an oxygen-containing gas, such as air,

are contacted with a catalyst at elevated temperatures to produce a reaction
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are- contacted with a catalyst at el evated tenperatures
to produce a reaction IIHHIIHITIHIIHITI 1 VIIT 111
111 000002 2 product containing high concentrations
of hydrogen and carbon nonoxi de. The catalysts used
in these processes are typically noble netals, such as
pl ati num or rhodium and other transition netals,
such as nickel on a suitable support. 5 Partia

oxi dation processes convert hydrocarbon contai ni ng

1. : | htha tq hyd .

2B R Eing BidiPedtictnidfnd b BRfidheR ahd cdfiocshiihonice. The

satysts used irothedie prockesse©ite typledig ndbié et B ds ®EH S84 glatlnum
arbons. The process is typically carri ed out

hydr

O reed iy 2pf d ffeariteansitiopdmetals 5ol asmickal on a suitable support,
oxygen-contai ning gas into a conbusti on chanber where

i 0o oxidation of the hydrocarbons occurs with | ess than

st oi cRastidtaxidatiangrotesset camwgeigdfdvaatﬁcﬂﬂﬁbﬂbmmg gases, such
conbystion. This reaction is conducted at very hi
rP&gWé! gae.8r napftnade hyaragendst) cﬂarwomoa)ﬁald@r(@éh) arni other

%%S%%nﬂfon%n@% afBSrboR' SHE ?é Pv&é?erl%%?) and other

at nospheres. In sone reactions, can
bydravjaghared The prackss csoiybmmily oarreldamte:ly injectimgl pfehetatmj

th duct ust the ratio of
PYOt R R h LB BXien-congnty G Bilb GBS opcdpsaer where
Bﬁ}d%tlbﬁ%‘ﬂtr% ﬁ%dr@é%o‘n@ oL Wwith RRshnak %"i’étﬁ%eﬂﬁ%hﬁunts of
contacted with the oxygen-contailning gas at
wEygrn fareempieternombustionc d his r@aozuanas gendusated aasera hlgh

I t. Th
TR b By PR Q7o & BrihetBY iex885,BRT Q00C, ana
predsunseTup e 5@ ditmBsBtiereB O g 'étheOr%a@MI'%r sféeﬁ‘ﬁ%'r@@{‘can also
metal s such as nickel cobalt, chrom um and t

Pedniesiadinta W@wmﬁlpmqh\agmﬁrd@ Rodifydhe rsa/pti\e@ts gasr @rmduct
$Pkbitd ardgfsrtﬂf?é PRIt B'H ctgd@@hc materials such as al um na,
esia an

Zl rconi e like.

More recently, partial oxidation processes have been disclosed in which
the hydrocarbon gas is contacted with the oxygen-containing gas at high space
velocities in the presence of a catalyst such as a metal deposited on a monolith
support. The monolith supports are impregnated with a noble metal such as
platinum, palladium or rhodium, or other transition metals such as nickel,
cobalt, chromium and the like. Typically, these monolith supports are prepared

from solid refractory or ceramic materials such as alumina, zirconia, magnesia
and the like.

SUMMARY OF THE INVENTION
The present invention provides for an improved process for producing

carbon monoxide from a monolith reactor comprising the steps:

a) directing a feed gas mixture to the monolith reactor;
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25 SUMVARY OF THE | NVENTI ON The present invention
provi des for an inproved process for producing carbon
nonoxi de froma nonolith reactor conprising the steps:
30 a) directing a feed gas mixture to the nonolith
reactor; 3 b) directing the product gas fromthe
nmonol i th reactor conprising carbon nonoxi de, hydrogen
and carbon dioxide to a first3nenbrane unit; c)
separating the carbon nonoxide fromthe product gas in
t he fipyst Ity ' Mayat i
monox I de. o e e h RSt Gairofl e hOSh P el Afiprsing
garassnmanexidaehyhagar éndganbén dioxideetofa fist meTebiananmit;

rodul! gasSPRTBILe ceUFLE o Bhiice ramte prodlitess &Zg{} frst

eddrabraneanaxi de, hydrogen and carbon dioxide to a
third nenbrane unit; gi) separating the carbon nonoxide
from the sEFBRINGISIERTDOYARONGKIde tnea tshterd mertbbrane unit;

Fecovdled e o BaR Ml Qi Wila R FomdRe i
mesrhbaine unli to;a Adverge ghiftesactog t he carbon di oxi de and

hydrogen fromthe third nenbrane unit to a reverse
shi ft Tk eactdfecting @ seroned prdiat ggs fiee ge myersmaluftireactor

catalytio samhreESaap nidRide MBRNTTo I B RN Yiadde o
Si nce car bdmirdoembraeeiunitt he desired product, carbon

I oxi de i dded. t g, the reactor in order to reduce the
ﬂlyg)r(loggnl ig%p@ﬁﬂmgﬁae carbon monoxide from the second product gas in

the third membrane unit;

h) feeding the carbon monoxide rich stream recovered from the third
membrane unit to the first membrane unit;

i) directing the carbon dioxide and hydrogen from the third
membrane unit to a reverse shift reactor; and

i) recovering the carbon monoxide from step d.

A monolith reactor produces syngas by catalytic partial oxidation of a
hydrocarbon feed. Since carbon monoxide is the desired product, carbon
dioxide is added to the reactor in order to reduce the hydrogen content and

increase the carbon monoxide content in the syngas.

Membranes are used to separate the hydrogen and carbon dioxide
from the carbon monoxide product stream. The membranes in the first,
second and third membrane units are conventional in design, and typically
contain permeable hollow fibers allowing for separation of a gas from a gas
mixture. The membrane units function by allowing separation of gas
components from a gas mixture on the basis of their relative permeability
through the membrane. The less permeable components of the gas mixture

will concentrate in the higher pressure side of the membrane in the retentate
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i ncrease the carbon nonoxide content in the syngas.
Menbranes are used to separate the hydrogen and carbon

di oxi de 25 fromthe carbon nonoxi de product stream

The menbranes in the first, second and third nmenbrane
units are conventional in design, and typically

contain perneable hollow fibers allow ng for '
separation of a gas froma gas mixture. The nenbrane
units function by allow ng separation of gas
cHRAReWhsreasolincamgae paimeable compdreerasoscerfitratesin the lower

SRR IR sk g et FFety iRy, =

cenversd shifteehbtor e ubed ke EoiV & i Bydrbgen @ndt B8 bon dioxide
menbrane in the retentate 4 stream whereas the nore

pRTRARFE & dhp paeial Oxidativaneastien émfarireadditienal carbon

; i i,n th t t
pi R S R e
coouexitietdvaveyslon gehil@ntniearibg hydiréyddByprepeoduct s of
the partial oxidation reaction to form additional

carbon 5 nonoxi de. This process will give al nost

i i AP TR I RO R B S AT [ b Soess for
mwEyng carhemtriomoxjaieosorigdsif@theastepspr oved process for
puri fyi.ng cgrb n nmonoxi de conprising the steps:. 10 a

di recting adERRINGt3 GaFSHBAPGATRIERiRG FRGRNBABRKIdE, hydrogen

hydrogen ageh eafRdigkiaXtd$ st Ae .brrért\? Eﬁﬁ‘;br ane unit;

b) separating the carbon nonoxide from car bon
di oxi d® andsepaydiingithe carbbhendnaéde frembtharerbon tioxide and
directing the carbon no second nenbr ane

unit, 15 JHEIEgRn i'%ﬁl?rfiﬂg{%’gﬁ%ﬁ!g”gé‘ ved fromthe
car bore)monaxieiting the kafidrembhBgidbhe 2CBAR rAbobtAlR and
hydrogen fromthe first nmenbrane unit to a reverse
shi ft reactWhperein impurities are removed from the carbon monoxide;;
d)  directing the carbon dioxide and hydrogen from the first |
‘membrane unit to a reverse shift reactor; -
e) directing a second product gas from the reverse shift reactor
comprising carbon monoxide, hydrogen and carbon dioxide to .a
third membrane unit; o
f) separating the carbon monoxide from the second product gas in
the third membrane unit; '
g) . feeding the carbon monoxide rich stream recovered from the third
membrane unit to the first membrane unit for further purification;
h) directing the carbon dioxide and hydrogen from the third |
' merhbrane unit to a reverse shift reactor; and

i) recovering the carbon monoxide from step c.
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e) directing a second product gas fromthe reverse
shift reactor conprising carbon nonoxi de, hydrogen
and carbon dioxide to a 20 third nenbrane unit; f)
separating the carbon nonoxi de fromthe second product
gas in the third nenbrane unit; g) feeding the carbon
nmonoxi de rich streamrecovered fromthe third

menbrane unit to the first nmerfbrane unit for further
purification; 25 h) directing the carbon dioxide and

hydr ogen ffomBF'{HEFtﬂjES@:RTE'T%W@FWLedF&WIN g&erse

shift reactor; and i) recovering t car bon nonoxi de
fromstep c. 30 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

The dr asch .c diagram of a nol it

react ﬁ{%oggaé(ﬂﬁgésrﬁgﬁ f%ﬂég &Wl”@ﬁgdﬁéﬁftor bgsed carbon
DRdAGLES pRESSRoR DAY, CJ: THE I N\/ENFI ON Reference w |

now be nade to the figure where there is shown an

enbodi ment whi ch describes the basic operation of the

D Coxygen | SDFaR) QiR AL D TUEBHEN B e

fed through Iine 3 receptively to the nonolith reactor
A. The_mpnolith reactor conprises a netal catalyst
conS| RefgEeRaeswilnoy by "aﬁd%tm@ﬁaﬂgusejwpem there ug/sraown an

I th
rreta lﬁfsé?ige l‘?&%&?lﬁgrgntﬁgggs%eorg%g&go& ; F:pﬁﬁs‘?ﬂt irfvention.
riNtatiged| gasoméd througmlineptl adxyrjem is fed trﬁdug!rmmé RidHditarbdr
rFEem uqudgt%hem um rhodiumand osm um The ceram cC

xde 5 EMANES raGembivelydo @F%U}@P@bﬁlsre@ptm@ of he monolith
Z6B68P L8mpRsEEaetaY il Rt cbhdidilPesdBBARFbRa nf&hl &upported

by a ceria coating disposed on a ceramic monolith. The metal is selected from
the group consisting of nickel, cobalt, iron, platinum, palladium, iridium,
rhenium, ruthenium, rhodium and osmium. The ceramic material is selected
from the group consisting of zirconia, alumina, yttria, titania, magnesia, ceria
and cordierite. Ceria coating has a weight percentage between about 1% and
about 30% with respect to the ceramic monolith. In one embodiment, the
ceramic is selected from the group consisting of zirconia, yttria, titania,
magnesia, ceria and cordierite. A further description of this metal catalyst
monolith ceramic may be found in co-pending application Serial No. 10/143,705
published on January 9, 2003, as US 2003/0007926A1 to Jiang et al.

The product gas which comprises carbon monoxide, hydrogen and
carbon dioxide with small amounts of methane, water, nitrogen and argon
present therein is directed to a quench unit C1 along line 4. The hydrogen to
carbon dioxide ratio of this product gas is in the range of about 0.1 to about 10
but is typically about 1. The hot product gas is initially quenched with water in
C1 from a temperature of about 1000°C to about 400 - 800°C. The syngas
product gas can be further cooled in either a heat exchanger to produce steam

or to provide heat to other process streams. The result of the quenching
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and cordierite. Ceria coating has a wei ght percentage
bet ween about 1 % and about 30% w th respect to the
ceram c nmonolith. In one enbodinment, the ceramc is
sel ected fromthe group consisting of zirconia,
yttria, titania, 20 magnesia, ceria and cordierite. A
further description of this netal catalyst nonolith
ceram ¢ may be found in co-pegdi ng application Seri al
No. 10/143,705 published on January 9, 2003, as US

[ t_al. .. The pbroduct. s whi ¢
ERASAQ000RA ol OB o) TR R MR e
oliatexi ttat lsidondensdd franpiiet quepichn® t8gdatedBORY theHrbd Q& Qs
gﬂ_d ar gon resent therein is directed to a quench

PEMAYY ePyegliPRddn@ansthe hydrogen to carbon di oxi de
ratio of this product gas is in the range of about 0.1
to about 10 but is typically about 1. The hot. product
gas i 9hersyngas byoductstroech entelrs semhgressor CZwtarennig

t f t 1000C_t 0 about 400 - 800C. The
L5ABSEA S ok DU bt o B o e
t : r [ eat
inBRCHOGH FRAARe HRdBEOSsG. B Ea T ed! AbS REBK e n,
eommressiars and assatiateldecolingcadditiardili eiaterds contdénds and
about ., amnpi ent tﬁnge ature..Ané water that is
SERAARLRY FPRrRaLMeAns. 1t Sempdpsianges. AeQIRreactor, not

BhOAHCT i8G8ded RSN N reaRNYLALWAN R ariBR BiSe cémg%s_or to
syngas product stream enters conpressor C2 whére it 1s

tIRpYe 8 drace uneaciedbsygers0 bar. This range will be

determ native upon the final carbon nonoxide product
pressure required. As a result of the conpression and

associTaleasbnysrebsdWsymgtd it idraateddiLfirsi MefBEAB M B BRNng line
separated by conventional neans. In sone instances, a

Qe 18" EyEEAgeEN. sRfPoNSlierdaandiwateneieirreatiali prrmeate to the low
USROS RSNl HRT AR R8s B FEFRMS sram
dihedntledf the cartbonm stonueidar reneaing dh tie highngrebsure side of the
membrane in the carbon monoxide rich retentate stream. This high pressure
stream passes to a second membrane unit C through line 6 where the first
carbon monoxid:e stream is further purified to the producf carbon monoxide
stream and is recovered as product carbon monoxide through line 8. This
product carbon monoxide may be sent to external storage or utilized in other
processes depending upon the facility where it is produced. The permeate
from this second membrane unit C which is relatively rich in carbon monoxide is

recycled via line 7 to the inlet of the syngas compressor C2.

The permeate stream from the first membrane, rich in hydrogen and
carbon monoxide is sent to the shift compressor D via line 9. This permeate
stream is compressed to a pressure close to that of the syngas compressor C2
of 10 to 50 bar. Water is condensed and separated by conventional means as
a result of the compressions and associated cooling. The stream is then

heated through a combination of heat exchange from other process streams
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5. -There hydrogen, carbon di oxi de and wat er
preferentially perneate to the low 15 pressure side
of the nmenbrane as the carbon nonoxi de | ean perneate
stream The bul k of the carbon nonoxi de remains on
the high pressure side of the nmenbrane in the carbon
nmonoxi de rich retentate stream This high pressure
stream passes to a second nenbrane unit C through |ine
6 where the first carbon nonoxide streamis further

o 4l feddt LS ErERBAR TG o< Bl TIngert to the
Beverbe shifirie@dteetE. car bon nonoxi de nmay be sent to

external storage or utilized in other processes
dependi ng upon the facility where it is produced. The

n h.is
PZ{Z??&% CJr{clggh'EPéﬁscgﬁwg%%ﬁgﬁ %gﬁq Lsf» alpégyargj\ gf] 3nd those
lof narbﬁntmohdmde Ialneltwftfer b@lﬁ%&?ﬂé&f@ﬁﬁgﬁ%@ac@n ﬁﬁ§ues and a
rich in
Thef‘ﬁb@er :ﬂ iﬁﬁigrd?%t : eb%iamif’ %%Q@gaudg%léézé%ggwéﬁd%@ c&iben monoxide
r

SAORGA5E Tnb il 1, Sacill 5 AFCARA R g
d:@n’pewlsrerofctﬁe gab streatrowliintraase ¥ide ga)nwasmn :ﬂléjrp&xfédy ﬁﬁ@' inlet

d b | 0 aresult of the
ISRBE LR 3 e o bRue JOBBS 7 e mitrogen sasaibon ioxide
Trélﬁ:ﬂm tHé@;‘a@%tr‘é&h@HHfénﬁ QH@?é\R—fi‘éé gﬁlﬁoﬁeatﬂﬁ)‘?‘hllﬁﬁg t“h"'{?’n%erange of

from ot her process st r external heati

@bodt 0.i1foabout 48, betds é)rp)lcaillydahogt paddedratibroandie zhdjnstediﬂby the
re se shift reactor concentratjons of

AR o SR b Ao GRS AL SRR i o

dasiped) nonoxi de and water are |ow so a reverse shift

reaction ensues,. and a portion of the hydrogen and

car bon di oxi de are converted to car bon nonoxi de and

wat er ther m n
ol o e RuSRE R rezbtor e ftfE e s < ol tpfreor or
enen édsgratérbwithimvan ekisting efpineer. | The batailyisbfdrtthe reverse shift

reaction would preferably be a conventional steam reforming catalyst or a nobie

metal catalyst.

The product gas stream from the reverse shift reactor E is cooled, first
agaihst the feéd stream to the reverse shift reactor, and secondly against a flow
of cooling water or air. Any condensed water is removed from the stream by
conventional means. The product gas stream from the reverse shift reactor E
is directed aldng line 11 to a third membrane unit F. Hydrogen, carbon dioxide
and any remaining water preferentially permeate to the low pressure side of the
membrane. The carbon monoxide rich high pressure retentate stream from this
third membrane unit F is fed to the first membrane unit through line 13 and line

5 to provide additional carbon monoxide product. The low pressure permeate

~ stream is recycled via line 12 to the inlet of the shift compressor through line 9.



tenperature i s about 500 to about 1000 C. The hydrogen
to carbon dioxide io ratio in the gas streamentering
the reverse shift reactor will be in the range of
about 0.1 to about 10, but is typically about 1. The
rati o can be adjusted by the addition of

suppl enmentary carbon di oxide prior to the reverse
shift reactor if so desired.g8l5 The reverse shift
reactor could be a catal yst bed, a nonolith reactor or

cven MHRERS Mol BBerHabif LR SRy I BS cuiar
prdfcetimbhis therebf cioisvapiaremtahas hemerdief ethet Remeairal yst

or ble _nmetal catalyst. 20 The product gas stream
osfigatiens of e BveRfian Wil pbyiows fathaseiskiiedin fha art. The

| tor

AR Aghg s S IR BT S SR oS R bl B Rpver
-Angh cbvidea fenins\ane madifications evhidiy are witikin3he eadpitit and scope

g entlonal means. The product gas streamfromthe
P RIESERi iINVetilttor E is directed along line 11 to
a third menbrane unit F. Hydr ogen, carbon di oxi de 25
and any remai ning water preferentially perneate to the
| ow pressure side of the mnmenbrane. The carbon
nmonoxi de rich high pressure retentate streamfromthis
third menbrane unit Fis fed to the first nmenbrane
unit through line 13 and line 5 to provide additiona
car bon nonoxi de product. The | ow pressure perneate
streamis recycled via line 12 to the inlet of the
shift conpressor through Iine 9. 30 8 Wiile this
i nvention has been described with respect to
particul ar enbodi ments thereof, it is apparent that
numerous other forns and nodifications of the
invention will be obvious to those skilled in the art.
The appending clains in this invention generally
shoul d be construed to cover all s such obvious forns
and nodifications which-are within the true spirit and
scope



of-the present invention. LLOYD WSE 9 Having thus
described the invention, what | claimis: 1. An

i mproved process for producing carbon nonoxide froma
nmonolith reactor conprising the steps: a) g;rectlng a
feed gas mxture to said nonolith reactor; 110
directing a first product gas from said nonolltﬁ YD WISE
reactor conprising carbon nonoxi de, hydrogen and

carbon dioxide to a first nenbr?ne unlta g) t

se | (el | rom.said first _

pr %Vg{d tggg%%ﬁgrl@%%ppgg&%%aﬂ&m i'e d) directing
sai d carbon nonoxi de to a second nenbrane unit; e)

directi the carbon dioxide and hydrogen from said _
filst MBIPAREEURTOCEES faf Rredieing aanban moelaxlderfrorﬁ)ﬁ_ rfnonohth_
di FedtdbiEbrap$SSS uct gas fromsaid reverse shift
react or . ég%prigpﬁagég?bon nonoxi de, hydrogen and

carbon @) oxi digettinga fedd gak n’gﬁfmg@ftﬁsz?lﬁirﬁéncﬂ%h F]eadcit%rii e

ratj the carbon nonoxide fromthe carbo )
Zﬁga hyéi1 gge Irping 2 ﬁr ¥ R GHans TEare saist mpnhl)thfrea@tgngomprlsmg
t he carbon mpame R - V. rom sai
t hird manbrane@l?rq?tﬁot%ﬁgg’isﬁoycﬁg%{]%&g@%ﬁgoﬁh&%ﬁd? f @rﬁrSt
further purarelrarennitt) directing the carbon dioxide

Fever secbn 1 P SRIIG FAIGRbOR raoes TG 4ié Nt Phastict gas in
monoxi de f r ogaigitfest lembrane unit; :
d) directing said carbon monoxide to a second membrane unit;
e) directing the carbon dioxide and hydrogen from said first
membrane unit to a reverse shift reactor; |
1) " directing a secohd product gas from said reverse shift reactor
‘comprising carbon monoxide, hydrogen and carbon dioxide to a
third membrane unit; |
a) separating the carbon monoxide from the carbon dioxide and
hydrogen in said third membrane unit; _.
h) feeding the carbon monoxide rich stream recovered from said
third membrane unit to said first membrane unit for further

purification;
i) directing the carbon dioxide and hydrogen from said third
' membrane unit to said reverse shift reactor; and
j) - recovering the carbon monoxide from step d.
2. The process as claimed in claim 1 wherein said feed gas comprises a

hydrocarbon gas, oxygen and carbon dioxide.

3. The process as claimed in claim 2 _wheréin said hydrocarbon gas is
natural gas. o
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2. -The process as clainmed in claim1l wherein said feed
gas conprises a hydrocarbon gas, oxygen and carbon

di oxi de. 3. The process as clained in claim2 .wherein
said hydrocarbon gas is natural gas. LLOYD WSE 10

4. The process as clainmed in claim1 wherein saildoypwsg
first nmenbrane unit contains permeable hollow fibers.

5. The process as clainmed in wl aim4 wherein said

second nenbrane unit and said third nenbrane unit are

dhe OB @605 s Luliha JEBLIAAS A0 o T RagFE R

confainsseeyneanid hblleafibbrsst consisting essentially of a
netal supported by a ceria coating disposed on a
ceramic nonolith wherein said netal is selected from

h I ik .
E)l Zt ?gﬁ?nlﬁbrggéb%'aﬁél EI%%?(? deaélzlalrfnﬁ%/vﬁ%gﬁ{ éuar'r%j se8{>‘nd membrane unit

end $aighthid cnersibrane seit drecthieasdnoe ias sa@l frst ARnisrafe tung .
group consisting of zirconia, alumna, yttria,
titania, magnesia, ceria and cordierite and said

ger i aTﬁ@gfgbé&sf@sSc@M@d Hhélalh ?‘3@”@'@&' ?é?ﬁ%oﬁ;ﬁtﬂ%ctor

about Yowi th respect to sa
pPBPESES asnetehcatalyst aorsisting dsseintiaky of 3 aietalsuppocteddssa

e R B e
ﬁanﬂth@rg)dupboggnsnmé oﬂHl@Rélhégbalpﬁﬂoﬂr Pﬁa‘ﬁnbﬁi ?Iladlum iridium,
gg;pressed 9. | nproved process purifying

TWYR FrPRXHEe rfmmm &chesmiwmn Ssldetm'armg lscBaimied frpmathe

g i de, dro en . and
ek T T SR
cordierite and said ceria coating has a weight % between about 5% and about
30% with respect to said monolith.

7. The process as claimed in claim 1 wherein said product gas is

compressed before entering said first membrane unit.

8. The process as claimed in claim 6 wherein said product gas is quenched
prior to being compressed.

9. An improved process for purifying carbon monoxide comprising the
steps:
a) directing a gas stream comprising carbon monoxide, hydrogen
and carbon dioxide to a first membrane unit;
b) separating said carbon monoxide from said carbon dioxide and
hydrogen in said first membrane unit; _
c) directing said carbon monoxide to a second membrane unit,
wherein impurities are removed from said carbon monoxide:

d) directing said carbon dioxide and hydrogen from said first

membrane unit to a reverse shift reactor:
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5 b) separating said carbon nonoxi de from said carbon

di oxi de and hydrogen in said first nmenbrane unit; c)

di recting said carbon nonoxide to a second nenbrane

unit, wherein inpurities are renoved from sai d EE@¥DWISE
nonoxi de; d) directing said carbon dioxide and

hydrogen fromsaid first 10 nenbrane unit to a reverse
shift reactor; LLOYD W SE e)“di recting a product gas
fromthe reverse shift reactor conprising carbon
nmonoxile, Hithcdger produdayasdronditoa relerse shiftreactbr comprising
menbrane unit, f) separating the carbpon npnoxi de fr.o

sai d produc ara%gh%@gedky@%ﬁpﬁdﬁ@é?%ﬁ@% foa ED"

f eedi ng t hengmbhare gRpoxi de rich streamrecovered from
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10.  The process as claimed in claim 9 wherein said hydrocarbon gas is
natural gas.
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