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*159159* 1 | MPROVED CARBON MONOXI DE PRODUCTI ON PROCESS
BACKGROUND OF THE | NVENTI ON 5 The present application
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hydrogen byproduct. Carbon dioxide is added to.ggs;.
nmonol i th reactor. producing syngas by catalytic
partial oxidation of a hydrocdrbon feed to reduce the
hydrogen 10 content and increase carbon nonoxi de ,
cont entpvpROYESEAFESONYRBINGRIEE PROBIRITIPRIPROCESS
separate the hydrogen and carbon dioxide fromth

car bon nonoxi de product and a reverse shift reactor is
further enployed to convert the hydrogen and carbon

di oxi de byproducts to 15 additional carbon nonoxi de.
Certain industrigACRBROCND OFSTHEANVENRIGRN bon
nonoxi de purity of 98 to 99% for exanple acetic acid
manuf acture. The hydrogen byproduct associated with
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additional carbon monoxide.

Certain industrial applications require a c'arbon.morioxide purity of 98
to 99%, for example 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 airr,
are contacted with a catalyst at elevated temperatures to produce a reaction
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*@00002* 2 product containing high concentrations of
hydr ogen and carbon nonoxi de. The catalysts used in
these processes are typically noble netals, such as
plati num or rhodium and other transition netals,
such as nickel on a suitable support. 5 Partia

oxi dati on processes convert hydrocarbon contai ning
gases, such as natural gas op naphtha to hydrogen
(H2), carbon nonoxide (CO and other trace conponents

i EobBang it eibhs of Bidfteby 0k AlaPbioyge. The

it R0t BB if fRRlegstocbyslisafratisoglyaisbi@metals, such as platinum
oxygen-contai ni ng gas into a conbustion chanber where

iog reedive iapd aher tiangije seialscishascickel\dn & syiéakie sHaport.

.stoichionetric anounts of oxygen for conplete

combustion. This reaction is conducted at very high

t enperpdrtiaeskidstiohpresessesceciies I’Qiﬂrﬂdwﬁo@ﬁdntairtuegl gases, such
excess of 1,000C, and pressures up to
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dep03| tg on a nono | t support. The monolith
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[1d ref actor or ceramc materials such as alum na,

zber inieoted lnﬁ@mgambuammw chambeite. mgcslf)stbtﬂ\mmmms gag=product
aEto aacjj\I st the ratio of H, to CO.

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. TypicaII);, these monolith supports are prepared
from solid refractory or ceramic materials such as afumina, 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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The present invention provides for an inproved process
for producing carbon nonoxide froma nonolith reactor
conprising the steps: 30 a) directing a feed gas

m xture to the nonolith reactor; 3 b) directing the
product gas fromthe nonolith reactor conprising
carbon nonoxi de, hydrogen and carbon dioxide to a
first nmenbrane unit; c) separating the carbon nonoxi de
fromthe product gas in the first nenbrane unit; 5 d)

ani £ oy el I pRRIBLEIOR Bt R Aanprising
tamor menbkits! hydrogbh ang cafbdn HioxRier tvefisenmmibriane unit;
reactor; f) directing a second product gas from

; th
rever §¢ shiseparaliagttbe cagenfpmosrxigederiie Rindbiet gas f the first
%%8,%&% @.gpl carbon dioxide to a 10 third nenbrane
nd)

parating the carbon nonoxide fromthe

second)pr odiirectiggthd carbbhendiixide teaiseend mermbrahng unit;
feedi ng the carbon nonoxide rich stream recovere% from
the tig)rd diesbinghe earbontdipNide apd hydregandrendhanrst;

' j I j / i-oxi de and hydrogen from
t}'ﬁee&‘%ﬁq{red&ﬁﬂé)ﬂ%F%J%Zsﬁgﬁ'?qtgggegﬂr everse shift reactor;
and j ¥) r ecairecting atseeond phoductgasfiahe te evessaephitt.reactor

nmonol ith reactor . prod b tal yti .1 al
oot | o SBRASHeH Eataenao s Jolro G e EE dbae o«
nmonoxi de i §pidendlRsidn@dim oduct, carbon dioxide is

added to the reactor in order to reduce the hydrogen '
cont ery) ancseparatingsthe asizort mdnenidedraritbe seeend produgt gas in

hydr oen. B CARbBR R BREAEY: 25 from the car bon
monoxipje Priggding thé t&ABn MBAoRBERICAE®aM rddevefdd Bdm 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 é 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



10

15

20

25

30

second and third nenbrane units are conventional in
design, and typically contain perneable hollow fibers
allow ng for separation of a gas froma gas m xture.

The menbrane units function by allow ng separation .of

gas conponents froma gas mixture on the basis of

their relative perneability 30 through the nenbrane.

The | ess perneabl e conponents 9f the gas m xture wl|l
concentrate in the higher pressure side of the

NSRS ANR heFedd el rﬁb?’é‘béﬁﬁeé‘blétdo%ﬁném@&l?ﬁéeﬁt@e P the lower

per neabl e conponents concentrate on the | ower

ppressuresisedd thé mérabranebindhe penmehte sieearmatddidionaliyna

Addi ti onal.l .reverse shift reactor is ysed to . ..
ot Srbnsfr st EReARaciRart eaElPhe’ 3t FRbRe R iodse
t Berealibtsadf tRE ipdefid| WkidRARM re@BtidPtd RN Adliidn&Rrbon
carbon  nonoxide. This process will give al nost
ciowpbside. cHiibprocesscuilitgive almoers domplelernasben éa caman e
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purifying carbon nonoxi de conprising the steps: ioa)
15b) c) 20d) e) f) 25g) h) i) directing a gas stream
conpr i AlteigageebotierrasRntdaveriiparsgedes Rarartiainsened process for

AP e PP eI B e

a) directing a gas stream comprising carbon monoxide, hydrogen
and carbon dioxide to a first membrane unit;

b) separating the carbon monoxide from the carbon dioxide and

" hydrogen in the first membrane unit;

c) directing the carbon monoxide to a second membrane unit,
wherein 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;

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 |

' membrane unit to a reverse shift reactor; and

i) recovering the carbon monoxide from step c.
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hydrogen in the first nmenbrane unit; directing the
carbon nonoxi de to a second nenbrane unit, wherein
inmpurities are renoved fromthe carbon nonoxi de;
directing the carbon di oxi de and hydrogen fromthe
first nenbrane unit to a reverse shift reactor
directing a second product gas fromthe reverse shift
reactor conprising carbon nosoxi de, hydrogen and
carbon dioxide to a third nenbrane unit; separating

the third monbiRe RRCER PARINRT THE PEAEINGSS o e

rich streamrecovered fromthe third nenbrane unit to
the first menbrane unit for further purification; _ :
di r ect ThRydEavéng is 8 sahemalic diagsam afyomegelithireaetor hased carbon
t A : uniit (o a reverse shift reactor; and
r@éég)gg??gé%ﬂelobgirl rgh nonoxi de fromstep c. 30 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS The drawing is a schematic

or aquct] on pPRTALED BESERED IGREaR FECRNGA TN

I NVENTI ON Reference will now be nmade to the figure
where there is shown an enbodi nent whi ch descri bes
t he bdRéfereme willirmw bé maue forthedigure wherd theme is shown an

(P Bgmat i Afeprioaihd banie ShericrioRER Rrese ghaniiae:

méﬁfa@aswglfad fmo&@?nﬁ?mfbigténlri@?efd frodyh {Tﬁ@z HRALErbSh
g;g;dgﬁa?amgj&ﬂh; gﬁe&mi;elyftleé?e m%?\gﬁthsrelag%r A. The monolith
reactor comprises a metal catalyst consisting essentially of a metal supportéd
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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by a ceria coating disposed on a ceram c nonolith. The
nmetal is selected from the group consisting of

ni ckel, cobalt, iron, platinum palladium iridium 15
rheni um ruthenium rhodiumand osmum The ceramc
material is selected fromthe group consisting of
zirconia, alumna, yttria, titania, nmagnesia, ceria
and cordierite. Ceria coatingshas a wei ght percentage
bet ween about 1 % and about 30% w th respect to the
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wdtet that i dandense@ fromizeguenhchds separatet] fronﬂﬂherprbducb‘gas
further description of this nmetal catalyst nmonolith '
&&eam ey ragvantionaLimgans: co- pendi ng appl i cation Seri al

No. 10/143,705 published on January 9, 2003, as US
2003/ 0007926A1 to Jiang et al. The product gas- which
conpr iBessyraas rodast@iedm efbedy cgepressdr C2wharetoa

s e e
% t aen et géFb‘du'&Yﬁ(égg Ra.féau.rgar ?%;abfésgwo@l%é atio

I'S produ S 1S e range o out 0O
abmpredsion land dssocigfecdeddlingasbdditional weter iseongdeoskd and

- Kehptstat Byicobrolilil Mamoe b sombbeRGes. & dagis Feegtor, no

%‘!‘16%5 is3AciRbed Withefadstfein be dbUnEHE8aAmMUTAhE domipredddnes
heat exchanger to produce steam or to provide heat

trenwaanyrirac@etyyeactﬁdmgerrhe result of the quenching
6 process is that the syngas product gas will be about
anbi ent tenperature. Any water that is condensed from

t he qUERCHormpreveparsghgas fsrdiractdibtond fidt atergbraneatnittBuiaiong line
é_)\(q conventional neans. 5 The syngas product stream
t

Eheredvidieasrs saraen dinkide and water praiprasisbupernagieds the low
%ﬁgﬁglﬁé %gﬁaéfgpéqﬁémﬁw 2t O%Boﬁi ‘?’r‘icﬁ{dﬁd@lbbﬁg)éf'ﬁféﬁae stream.

on nDnOXI Uct pressure r
AherbuilR fitiie cdrbbhenosexis esraaios oartte digtopressert Slde of the

O P e opIE AR et TR heskaure
'RREhPpaséi¥ to a second membrane unit C through line 6 where the first
carbon monoxicfé stream is further purified to the product 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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io shown, is included either upstream or downstream of
the conpressor to renove any trace unreacted oxygen.
The conpressed syngas is directed to a first nenbrane
unit B along Iine 5. There hydrogen, carbon dioxide
and water preferentially perneate to the lowis
pressure side of the nenbrane as the carbon nonoxi de

| ean pernmeate stream The bukk of the carbon nonoxi de
remai ns on the high pressure side of the nenbrane in

7 ST PR 6 Jeia e ieBbuT i 5 BEaRBrofig e 10 to the

trByedBshift Racorvhere the first carbon nonoxi de stream
is further purified to the product carbon nonoxi de 20

stream and i s recovered as product carbon nonoxi de
t hr ou line 8 duct carbaon nox

. Lhis r | de be .,
sent TSR EERRtSNS ph BTSN AP cAgP Hicgideere Figh 8Rd those
RIfRBASSTEMoABRIIBHHDWHRP Ard Ry §6@i reléise it Radctioh Bnsues, and a
produced. The perneate fromthis second nenbrane unit

®ariereaf the hysiragenang carsm diaxidarase sonweited trecargon monoxide
RFRED bR iPrciioh K Eho RhelE g e

rtemplepatare of thle gas dtiehine gdihinarehsecthe konvamiox i Tgpidally this inlet
sent to the shift conpressor Dvia line 9. This

pempesatere isiahoaB08° toakpWside° o Ehehydnges teicaeon goxide

t . t .
VA iPthe' gis SYOARBNTATY 18380068 sht rebdrdyitBelfithe range of
aEboRit 0al foeshout 16% bubis tgpiopilyestsoudrts Fnelratioseari bé adjusted by the

copl.ing.. The streamis thepn  heated through a . )
JoRE SHPPIAMABLEFY £370RRAexde BHPLIHBP TRYRIsBSbift reactor if so

ddspags 7 and external heating (e.g. in a fired

heater) and is passed through line 10 to the reverse

shift reactor E. The concentrations of hydrogen and

carbon_di oxi de ar.e hi gh an hose_ 5, of , car ban oXi

and vl Fypers Siftegeddor 89 58 S Frrd &t BibrEnRCitator or
FVdnanteBPAtbd QAthA ah RRiding TeReMeRNThe RaRMNEL 4O d8vEEE shift
convertéd to carbon nonoXi de

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

metal catalyst.

The product gas stream from the reverse shift reactor E is cooled, first
against the feed 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 alohg 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 preséure 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.



and water. The reverse shift reaction is endothermc
and raising the inlet tenperature of the gas stream
will increase the conversion. Typically this inlet
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 isgtypically about 1. The
rati o can be adjusted by the .addition of

shiPe WElR B I8N rfs Heele ki W u0Spdd e Rfiouter
ARG @MeHRItHErE6s, f i€ abparet e Aunieroethiet ForhfPeidr or
even integrated within an existing refornmer. The

. dredifigatiorrsef thadnvantien ¢éll baiobyiousda thasenskilad ia the art. The

HPREFHAR, daie P AR B B BB G ) tler

fauem oo Usioahs @indhbdifie gistsowhibh lase Kathinetfle tfuer syirit and scope
Zgalnst the feed streamto the reverse shift reactor

dhe presemt ynvegiPAst a flow of cooling water or air
Any conderised water is renmoved fromthe stream by
conventional neans. The product gas streamfromthe
reverse shift reactor E is directed along line 11 to
a third nenbrane unit F. Hydrogen, carbon di oxi de 25
and any remai ning water preferentially perneate to the
| ow pressure side of the nmenbrane. The carbon
nonoxi de rich high pressure retentate streamfromthis
third nmenbrane unit Fis fed to the first nenbrane
unit through Iine 13 and line 5 to provide additiona
carbon nonoxi de product. The | ow pressure perneate
streamis recycled via line 12 to the inlet of the
shift conpressor through Iine 9. 30 8 s Wiile this
i nvention has been described with respect to
particular enbodinments thereof, it is apparent that
numerous other fornms and nodifications of the
invention will be obvious to those skilled in the art.
The



appending clainms in this invention generally should be
construed to cover all .such obvious forns and

nodi fications which are within the true spirit and
scope of the present invention. 9 Having thus

descri bed the invention, what | claimis: 1. An

i nproved process for produci ng carbon nonoxi de from a
nmonolith reactor conprising phe steps: a) directing a
feed gas m xture to said nonolith reactor; b)

t first duct. f .sai d [ith
R8N fr B RS BEB bR O AR Ty ogen and
carbon dioxide to a first nenbrane unit; c)

separating said carbon nonoxide from sai d first
pt-oduchn gagraved psegesstior produeingreaileon ranoxigle feemecmpnglith

S XI to a second nenbrane unit; e)
Jlgﬁg?ﬁéﬂg&?'ﬁ@qg?ﬁg%sdl oxi de and hydr ogen from sai d
first ayenbdissiting i feetiQad mRURE 36 saidirhbndlRResadtor; T )
directi ng a second foro uct gas fromsaid reverse shift

react o?)  codiffatisg @girebpiogHChartoikemsaihinanelibrreanter comprising
carbon di oxécﬂﬁovt\?n oddy. d{g@%;rom b dlcg%)de toafirst |

separati ng e car on non e car
and hydr ogeembras@uditt hi rd menbrane unit; h) feeding
t he carbon nonoxide rich stream recovered froms

i d .
thi rd PenbrgRArating sqid caghan mppexidadion said firsh rfroaks?t gas in
further p“één?‘ﬂ?s@'i'ﬁémgrdr?e d{ ecting the carbon di oxi de

thirad’

and hydrogen from sai menbrane unit to said

rever sa) shiditeatingsaat carbod monaxideotoea secpridmenzorana unit;

monoxi OSe f r&rec?mg'?he carbon dioxide and hydrogen from said first
membrane unit to a reverse shift reactor;

f) .' directing a second 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

) recovering the carbon monoxide from step c.

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 wherein said hydrocarbon gas is

natural gas.
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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 clainmed in claim2 wherein
said hydrocarbon gas is natural gas. 10 4. The
process as clainmed in claim1 wherein said first
menbrane unit contains perneable hollow fibers. 5.
The process as clained in clajom4 wherein said second
menbrane unit and said third nenbrane unit are the

Zane %esﬁbg?éé éélea\ﬁer RSN d\ﬁ/ r%lr' %ﬂﬁf §t%$®r§>r§\§e unit

claimedi’'n ¢c elrn sal eac

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

5he gﬁ‘ﬁ%ppr%?féaéé b2 iMEGlt 4 wﬁﬂ%ﬁﬂ éald'sree nd rr?%rpnbrane unit

pl ati num’ pa rum rridrum 5 rheni um
rhddiaidthinddmentbrame anit dre theasame ias saéd fict atérﬁbmm\etdm.
group consisting of zirconia, alumna, yttria,
titania, magnesia, ceria and cordierite and said

geri aTWé rbBEsd13S cRiMmBd HElalh qe\hH‘&%ﬂ] %ﬁ %gr%fﬂﬁ?c—gactor

o

about '30% w th respect to said nmono

pompelses asmetadmatahyst ronsiaiing essdndiaby of aannetabslqmmtec@asa
before enterin

cRria cOafi g RisPRREd 0B SaBuia g wRe i st mARLIY SScted

%hdtﬁéf@@%tco@@%tlhg o@lHRﬂk@h%@bal@flrd?f P 1RinBfd rpﬁuadnum iridium,
con'pr essed . An n'pr oved pr ocess url

ng
cheniam, mih@muma rbedigm ane gsim sgtdsp@'armsv naj$¢le@ﬁedrfg>ra the

SR O Gl oh T O RAC R, B R CerisPBif
seretbidnd seid defacbatingrhad \iwesight %betwviedn Golte 6% and about

di oxi de and hydrogen in said flrst menbrane unit;
30% with respect to said monalith.

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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c) directing said carbon nonoxide to a second nenbrane
unit, wherein inpurities are renoved from said carbon
nonoxi de; d) directing said carbon dioxide and

hydrogen fromsaid first 10 nenbrane unit to a reverse
shift reactor; 11 5e) f) 10g) h) i) directing a

product gas fromthe reverse shift reactor conprising

car bon nonoxi de, hydrogen and“carbon di oxide to a

third nenbrane unit; separating the carbon nonoxi de
from sgi d pfiedbed agasdid gRifebmith relonganbiiigmreactor tomprising
feedi ng the carbon nonoxide rich streamrecovered from

said thircameemmanexide hydregsniandiGaraen dioisteaeed thinc

for further | £ don; directing the carbon
di oxi de ancfnﬁ@ﬁéorgéeﬁﬁg’r omsaid third nenbrane unit to

sai d rfgver spahitiig theaettson mandxidedmon eaidyrosacgas in said
carbon nonoxjde fromstep c. 10. The process as

cl ai med i n BIr&MmsOPERE I sai d hydrocarbon gas is

nat ur %h ga%x e%ii'xg tﬁ@%a%ﬁ"rﬁéﬁoﬂae GibRistRdm feceléted ffom said
wher eii sai I Fst menbrane unit contal ns perneabl e
hol | ow fi bethisd mMénbrEne yritdoesasd first rleanbradeiunitdbafuriter
wherein said second menbrane unit and said third

menbr ane uR4TgEPRhe same as said first menbrane

uni t. h) directing the carbon dioxide and hydrogen from said third
membrane unit to said reverse shift reactor; and

i) recovering said carbon monoxide from step c.

10.  The process as claimed in claim 9 wherein said hydrocarbon gas is

natural gas.

11.  The process as claimed in claim 9 wherein said first membrane unit

. contains permeable hollow fibers.

12.  The process as claimed in claim 9 wherein said second membrane unit

and said third membrane unit are the same as said first membrane unit.



