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1 1 MPROVED CARBON MONOXI DE PRODUCTI ON PROCESS
BACKGROUND OF THE I NVENTI ON 5 The present application

Tonox! o producti on whil e m nim 2i nS”?ﬁQC228oc@ﬂ]&mm|\|\||\“||“H||1

hydrogen Dbyproduct. Carbon di oxide is added t
monol i th reactor producing syngas by catalytic — *'6616¢
partial oxidation of a hydrocarbon feed to reduce the
hydrogen 10 content and increase carbon nonoxi de
content of the syngas. Menbranes are enployed to

separ atiMRRe BB CARBOMNMONORIE FROBULETION PRAECESS
car bon nonoxi de product and a reverse shift reactor is

further enployed to convert the hydrogen and carbon
di oxi de byproducts to is additional carbon nonoxi de.
Certain industrial applications require a carbon

monoxi de purity BACKGROUNDWF THIE RRAERTTEORCet i c acid
manuf acture. The hydrogen byproduct associated with
car bon nonoxi de production has little econom c val ue

or at Tﬁg gﬁ@%ntfﬁgcgﬁéﬁjﬁro@a‘é&%&f‘r&g%ﬁq iré\ﬂaog{yethod of enhancing

hydr ocar s to rogen an noxi

coarbanmagoxjds esodsctival Whilenmimimiizing tiee associdbedrtpidesgeri
such processes incl ude talytic steamreformng,
BVRIcHUF e aRanigre Ts afdediicg mearih jeaciop aradiding syngas
oy, datdiRie NSAA&MRbYA hgdRRGH! | 3kl

thgse p}?ocgé;ggs has advan?ag%? %@dfe%;astg%gﬂ?%éﬁﬁg%%ben
peoteokandinasesse aaibon mbnoyide cgeterdiod the aygas.

nmonoxi de, al so known as synthesis gas. Catal ytic

partial oxidation is an exothernm c reaction wherein a

30 hydmredtsranBs @6 enfléVed s@idtarethedii@dirédlen and carbon
oxygen-cont ai ni ng gas, such as air, are contacted

wiliokide feamdhg sarben eanpaidedprodhpleand arrexense shif trantorais
" RAHE %Pnployed to convert the hydrogen and carbon dioxide byproducts to

additional carbon monoxide.

Certain industrial applications require a carbon monoxide 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 gases 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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2 product containing high concentrations of hydrogen
and carbon nonoxide. The catalysts used in these
processes are typically noble nmetals, such as platinum
or rhodium and other transition nmetals, such as

ni ckel on a suitable support. 5 Partial oxidation
processes convert hydrocarbon contai ning gases, such
as natural gas or naphtha to hydrogen (H2), carbon
monoxi de (CO) and other trace® conponents such as
carbon di oxide (CX2), water (H20 and ot her

hpiReacbRaming H@hﬂfdh@@ﬁﬁaﬂlcﬁwstdfmy@?édéh &ﬂi EA®BnaHbNde. The
i njecting preheated hydrocarbons and

0ﬁ9@61$1%@$ﬁ<hmrthﬁge GERCESAED AFe ty@wgwﬂpbl@ ma@ﬂﬁaéucmeérmatmum
s? oﬁﬁm i, r[?d g hetrrPr%n??ﬁ% &k Eogﬁcﬁ S| c%gn%lllu gts];éﬁthletaﬁ)T)ort_

r|c aroun oxygen
combustion. This reaction is conducted at very high
tenperatures, such as in excess of 700C and often in
excess Paftial 06@@@,0” Preresges s9nyart hygrogarbpgrontaining gases, such

oSS TRRIEI G35 of RastiiE 1§ AhEBATH. kAR HhofERAE 0TS other
syaté eerrmoglestsmmm carbbn aliukideo( GO} )uahatdri{e . Oatnd odier
recentl |aI OX|d?é|on roces

H2 to
hav@rosa n&r s eo%r@&e?%?évw&%'y’fq{aeﬂw InggAE ?@ted
P&l%%b%n‘é”éd?j %ﬁ‘%x EShtSRHAGAY R Q%%nﬂ)tushbﬂ'&hé%%?where

ocities I n the presence of ™a cat al yst such as a
rreklallatldre pbtiet mcuromraona poturstwithOess fhaov stoichiloenetoo @maunts of

S ERYden o 2R SR oA sTPRo A NGB o BHEndCpisRtveiy high
W?érﬁbérawéﬁ ﬁﬁcmé§iﬁeéxces§ ebabbeC &ha oftcH M areedshsr 1,066°C, and

Typical Iy, these nonolith supports are prepared from
soressuresf upta 69§ abmosrireras.c Imsereeiredctiongcsteas ar Gkigan also

fh@gﬁ%@q iARAAE Hotb b handek fo moaify HAVETRhEEis BHS product

and to adjust 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. 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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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 fi¥st nenbrane unit; 5 d)
directing the carbon nonoxide to a second nenbrane

unit; bp) diirestirigtBetptedGaigagirdhh tid ARndliH r@&%?%ﬁmpnsmg
fromthe first nmenbrane unit to a reverse shif

r BABPBMORgXidk. TyclregR) and earbea divxide t a disss membraneeumt
oot anstRA BT Mo oIRGB AR TR i e s

hydrogen and car OXI

umembrghe sjtar at i ng t he carbon nonoxi de fromthe
second iorodg_c %@ in the third nmenbrane unit;

f eedi n§) t hedkesthgh ﬁrﬁ%@@fﬁ@oppélﬁe@uaeﬁ@pﬂémbéaﬁerwtn

the thgyd @afrg}ﬁe%'r or{ 9 Lidg. Jn'drl'yd d&ﬁé?fr@&ethgrﬂrgt

15 1) directing the car |ox de en fro
t membrane unrtéo‘arramersersfﬁﬁ tcborr ever se Shl ftr eact or
and j)_.recoyeri n the ca bga rmnosérj de Grom step

monol i Ph reg'é‘f'(a Helasyoredhareyaree ﬁﬁkﬂtrﬁaPtOf
oxi dati on Of:or%prlglggr&:‘é%&?ﬁ‘l‘b%ﬁdée@&rggér?%ij?g:%hgﬂ{‘dmx.de to a

nonoxi de i s the deSired product
added to ththildeaembranewunit,der to reduce the hydrogen

cont ook ehEATEE LBoR AR B SRR Bod gas
hydr ogen anghectirl oferdbeafiedit;
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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25 from the carbon nonoxi de product stream The
menbranes in the first, second and third nenbrane
units are conventional in design, and typically
contain perneable hollow fibers allow ng for
separation of a gas froma gas mxture. The nenbrane
units function by allow ng separation of gas
conmponents froma gas mxture on the basis of their
rel ative perneability 30 throdgh the nenbrane. The

| ess perneabl e conponents of the gas m xture wll

coneant wakteedsthiehiohd pbehedtsle toHipdrneEntecOcdrii@ite on the lower
menbr ane | n the retentate 4 stream whereas the nore

pefasEHER sideqt b ammbseceribe peemente ﬁéeamv\éddltlonally,

TR Rt et i QST RICQA, 8 Ayfodé BRGcdnior 68%ae

cbypfedtjcﬂshﬁ thg (ﬂ:rau@ oxiradionathotivriicokortiead dWeH A @agbén of
t he artl oxi dation reaction to form addi ti onal

cRIOBBHId. B preressill 9ivs almast camnletgicasban tsarbon
C n, while
RoRS o BRIon AR RANMIARG HEHRGETONFRALAT, o
present invention provides for an inproved process for
urif on, "onoxi de co r|3|n e steps: 10 a
3| Fect P EREL P RS M EIEN PO Rde R ARBRP Y process for
hyGHfORB TarBV nfooRRR cHriy fh% s"te[?é rst menbrane unit:

b) séparating the car bon m)nOX| de Tromthe carbon
di oxi d@) anddirestigcigas Biﬁeame:dmpranmmrboamommde hyidrogen

directi ng t arbon 0% t,0_a econd nbr ane
unit, V\Iﬁ'iq %?W"”r%%'a?' %'5 tnerg omthe

car bOﬂb)TDnos(épﬁh?atln )hedtdrBeh imhdxitR: feilAe cértsaﬁ diexiaB%hnd
hydrogen fromthe Tirst nmenbrane unit to a reverse

shi ft reactydroggn in thedirphgembsereHrditpr oduct gas from
the 1 eyer seqrliiin the3GHn mbAGRGS 1 A%et8hE MerBRME! fif,

hydr ogen and car
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

e) recovering the carbon monoxide from step c.
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20 third nmenbrane unit; f) separating the carbon
nmonoxi de fromthe second product gas in the third
menbrane unit; g) feeding the carbon nonoxide rich
streamrecovered fromthe third nenbrane unit to the
first nmenbrane unit for further purification; 25 h)
directing the carbon di oxi de and hydrogen fromthe
third menbrane unit to a reverse shift reactor; and
e) recovering the carbon nonox¥i de fromstep c. 30 5
BRI EF DESCRI PTI ON OF THE DRAW NGS The drawing is a

schemati c di aBRIBRODESCRIPTIONIOF G34E ORAWHGSCAr bon
nonoxi de production plant. 5 DETAI LED DESCRI PTI ON OF

THE | NVENTI ON Reference will now be nmade to the

figur eTH@%FﬁnéiEE% 8 écﬁeﬁﬁﬂm(i)%? am cff%gmo% hr{ggbtgp based carbon

describes t asic operafi prese

i moaokiderproductidmtplaad. gas is fed through |ine 1;
oxygen is fed through line 2 and carbon dioxide is
fed through line 3 receptively to the nonolith reactor

A. The nonol DE'TAI[EP%@S RPBPION &5F RHIED eedeﬂg}hgst

consi sting essentl a a metal suppor

ceria coat| ng di sposed on a ceramc monolith. The

met al sel ect t he, gro con

ni ckel E%B%‘F‘? %Hd’i' %erﬂ‘%(?‘? %GL*E;HF(F}Q’ rﬁr#h‘%gw%?fmwn #8
r@mabumlemwvmamue&nuégqﬂé%@rtsbé?étmmmthygﬁewt@me%uon
material is selected fromthe group consisting of
zNatwal ggs ialfedrihrauglytine il apxygendsifed thragglelinea? aner¢axbon

R CRIEe Re LR N o P

CRIaRMGr CofptRles tdmetd) canrfyst ebasistRNEssdrftifllly of a metal supported
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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ceramc is selected fromthe group consisting of
zirconia, yttria, titania, 20 magnesia, ceria and
cordierite. A further description of this netal
catalyst nonolith ceramic may be found in co-pendi ng
application Serial No. 10/143,705 published on
January 9, 2003, as US 2003/ 0007926A1 to Jiang et al.
The product gas which conprises carbon nonoxi de,
hydrogen and 25 carbon dioxide with small anmounts of
met hane, water, nitrogen and argon present therein is

dj rm%g%tr@tmay@gﬁ% Bilctgasalipbe dboue afbidit@emperature. An
hyr/)dro en to carbon_di oxi d?ar atio of this productp as y

i watef thatdscangensed pauthemuench isseparated fremithe product gas
t)‘é%gﬂé})’c Hﬁior}al r;qggngwot product gas is initially

guenched W th water Th 'ClL froma tenperature of about
1000C to about 400 - 800C. The syngas 30 product gas
can be_further cooled in either a heat exchanger to
pr oduc d N&tsYAARS BFOquUSt SireIMANIAEAOMRTEsSPr2 WhEER 8 s

Sth selg 1@@560&9%0%3)‘?. qﬂ%r};éhbggviﬁbe We?&nﬁﬁ@antiv% upon the

t hat 't he syngas product gas w about a
t @npleraabom enonixide pvatact preasuresequireste nAs @ resolbrof the

uench i s separated from the duc s. streamb

C GRTEHES SR AhBaaciated oG AAiaab Wit s Epadiasd and
C%EE&:%%édey G@n\V@Pﬁfo‘ﬁal fneafs. W%Sﬁﬁﬁgné&,%%é&o%%for, not
50 bar. This range wl| be determ native upon the

f shawncisrinduded rithérdépsiieaduot dpwesimane of thaucorppresser to
result of sion _and associ ated cool i ng,

h
aWPY%ﬁHVE%EF&%?%&%@%md and separated by

conventional neans. In sone instances, a deoxo
reactor, not 10 shown, is included either upstream or )
downst fégracsmpPrersed syingasys directed to afisstemgmprang gait B along line

uRr n : ' j

28 HErE Ry cotop GPEPE 3318 BEfiehBaly jeiieac Ithe ow
C prdssurel sidei sfechantembtage gy theeaerdr mohpxidere@apermeate stream.
the | ow f115 pressure side of the nenb

cdhsdikehihe crebor menoxideremains prihg F\i%ﬂeprggsérgeside 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 monoxide 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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The bul k of the carbon nonoxi de remains on the high
pressure side of the nenbrane in the carbon nonoxi de

rich retentate stream This high pressure stream

passes to a second nmenbrane unit C through line 6

where the first carbon nonoxide streamis further
purified to the product carbon nonoxi de 20 stream and

is recovered as product carbon nonoxi de t hrough Iine

8. This product carbon nonoxi’de may be sent to

external storage or utilized in other processes

dand adﬁengallhmting lte.gf ica firddyhevdier) @ndtis basgsdthicesh il €0 to the
per nmeat Ei s second menbrane unit C which is

r VRS r‘??{pﬂr n carbon nonoxide is recycled via

line 7 to the inlet of the syngas conpressor C2. 25

The perneate streamfromthe first nenbrane, rich in

hydr ogEhe gaacenieations ofbydsoges ansl cazbon dm)xidmamarhlglh and those
c 9. This ermsate ream i

S BrEaT Biprioytde and Beter ons oyl sB A 5P Rise St Fiibt) paues. and a
coorion of te Bdrogén hAdicarssh Hivkide\Wre %anértéd)fBj@éPBSH n%}%mde

separat ed _by conventional nmeans as 30 a result of
%W@@. Jie reNarsessfE reactign @endmgernmeara rlatmmg th@ lnlet

fro er?ﬁﬂf- 8pr§r@ 9[p?rearrlllv;m? 3%%93?%% or],] ?@?’ this inlet

(temperatura i abad 5004 te abowdnt()OOg QaFhetytrogenabd darbith didxide
to.the, reverse shift ctor E. The concentrati ons of

hAiP 33 the 3%8&5%%&9@"&% deyersephifhreastprivih Se i thg range of

C

! O B MVl o, "I oSs 3ugted by the

caddition of suplementary oanb@ntchwlde) pdar tocthe reverse dbift madtor if so
‘% r., The reverse shift reaction is endotherm c and

V@sirelqg the inlet tenperature of the gas streamw ||

i ncrease the conversion. Typically this inlet

temperature i s about 500 to about 1000 C. The hydrogen

to car b¥mrevesss ahiftreastar peuld beraeatglyst bed camanelithy reagtor or

ter! iRERYr SR IR ah @AGHRG réforePeThE chiXfyst Wl%he Phverse shift

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 along 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.



about 0.1 to about 10, but is typically about 1. The
rati o can be adjusted by the addition of
suppl enentary carbon di oxide prior to the reverse
shift reactor if so desired. 15 The reverse shift
reactor could be a catalyst bed, a nonolith reactor or
even integrated wwthin an existing reforner. The
catal yst for the reverse shift reaction would
preferably be a conventional steamreformng catalyst
or a noble netal catalyst. 20 The product gas stream
f.rom t Méhilecthér ineerstivrf has beer desdribes witoted@ect tordrticular
Ealnst t he eed sfreamto the reverse shift reactor,

mbodirpes %f@gf e apparefkthalmutprous gtherfermsand; r
AR IRAEBAS 8F‘tH@?ih€énticﬁ1 Wil %V&& U th8§e §R.n§ % art. The
conventi onal neans. he pro uct gas stream from t he
r eppending glaims ire this mveEnom genienally skould|bengpristraed 14 cover all

A ORI R logeal e RBRR, arf R P e SEi e scope

Igwr\@rmgmﬁn%rﬁﬁ,nof t he nenbrane. The carbon
nmonoxi de rich high pressure retentate streamfromthis

third nmenbrane unit Fis fed to the first nenbrane
unit through line 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 Wile this

i nvention has been described with respect to
particul ar enbodi nents thereof, it is apparent that
nunerous other forms 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 W SE



9 Having thus described the invention, what | claim

is: 1. An inproved process for producing carbon LLOYD wisE
nonoxi de froma nonolith reactor conprising the

steps: a) directing a feed gas m xture to said

nmonolith reactor; b) directing a first product gas

fromsaid nonolith reactor conprising carbon

nonoxi de, hydrogen and carbon dioxide to a first

menbrane unit; c) separating %ai d carbon nonoxi de from

said first product gas in said first nmenbrane unit;

Havihg ®eikidegcaied tiesinbenmtion Wt telalm i second menbr ane
unit; e) directing the carbon di oxi de and hydrogen
fromsaid first nenbrane unit to a reverse shift

react of, |rr§har99éc§ E%de@g f&r &888&!19 REASHHCIhoRBRIdE I $3hEnolith
réverse sHift actor ~conprising carbon monoxi de
hgabtogemmpnsingamé)stepdt oxi de to a third rrerrbrane uni t;

g) separati on nn e fromt on

di oxi aﬂ%ﬁbma érd Brs SRy ?%ldﬁ%‘?ﬂﬂl ; h)

f eedi th fikg 8

said ohi rd renbY aéﬁﬁﬁfs?@?c?fdggfbfﬁ‘SFF’?““’“G’EEY%%@LEW'S'"Q

for furt hercarpan monexideohydrogeniand ciartrn digxidedpisofirst
di oxi de and_hvdroge romsaid third nenbrane unit to
sai d rever d8° %ﬁﬁ'?e V%'Etctor and j) recovering the

car bort)rmn@epdmtfrrgcm@bemod manoxidie frofpsaid girstprod it gad in
in claim1 wherein said feed gas conprises a

hydr ocar borsaifhfirst BigraRiangMMite ar bon di oxi de.
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;

f) directing a second product gas from said reverse shift reactor
comprising carbon monoxide, hydrogen and carbon dioxide to a
third membrane unit;

g) 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 wherein said hydrocarbon gas is

natural gas.
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3. The process as clainmed in claim2 wherein said

hydr ocarbon gas is natural gas. 10 4. The process as
claimed in claim1 wherein said first nenbrane unit
contai ns perneable hollow fibers. 5. The process as
claimed in claim4 wherein said second nenbrane unit
and said third nenbrane unit are the sane as said
first nmenbrane unit. 6. The process as clained in
claim1 wherein said monolithlfeactor conprises a
nmetal catal yst consisting essentially of a netal

sdppor The pogcess aseclaimeabiatdlaign tiwheesiadaifirst aRnsRafe unit
nmonol jth wherein said netal is selected fromthe
gF%nJB'”éd??éFﬁaE h?ﬁ""hf‘t&@{él , cobalt, iron, platinum

pall adium iridium 5 rhenium ruthenium rhodium and
osmumsaid ceramc is selected fromthe group

cdnsi sThegradessiascdainzed ial amimé whereinisajd $edomdi mmembrane unit

288 S8 o fnBReutitabhe Sschus SR e Tambrane wt.
respect to said nonolith. 7. The process as clained in

claim1 wherein said product gas is 1o conpressed
b8f or e TBAPEPGaS§ aseflaimad istclaignb wheeein said menolithgeactor

o . . : st : o <
e g R M A S SOE e
pcerdzesaatﬁrg:jdispméq‘c&d;mg cerarhicrmonolith whereinsaid ﬁ'iet% i$ bélected
sfeps; a) directing a gas stream conprising carbon
BB hagrow BPGHRIT Ghilokels sataloh Rielush opAIRaim, ridium,
- _ ; C .
e AR SR 2418 cE PR s SPReHd fom the
ngreipneasisting of ercatia eguining, yitiia, titaniapmagoesiei, deria and
Scegrglneqiterrgﬂg s cetia ct:dating 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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wherein inpurities are renoved from said carbon
nmonoxi de; d) directing said carbon di oxi de and
hydrogen fromsaid first 10 nmenbrane unit to a reverse
shift reactor; 11 e) directing a product gas fromthe
reverse shift reactor conprising carbon nonoxide,
hydr ogen and carbon dioxide to a third nenbrane unit;
e) separating the carbon nonoxide from said product
gas in said s third nenbranellinit; f) feeding the
car bon nonoxide rich streamrecovered fromsaid third
menbr a@k undirectingsaprbdiict gas fremithemeverse tshiforeaktsriddfiprising
purification'bgb direg&iq& t he carbon dioxi de and
hydrogen f r 53RPERiBORPKIIey NYdEganandierrbaRidioxide kna third
reverse shifdenistape@nit: and h) recovering said carbon
nmonoxi de fromstep c. 10. The process as clainmed in
cl ai m ®) whesepaiating thengatbor andraxidgafsornssaichptaduet ggan said
11. The pro i ] in claim9 wherein said
&%Smg&tb?é@eoﬂ}ﬁg

first menbrane uni i ns perneabl e hollow fibers.

12. Th@ pr ofeesihgiheDanbdrednbxideaion Stredhe Fidverd flom said
second nenbrane unit and said third nenbrane unit are

the sanme asth¥dimempraie waitiorsaid fitggtimembrane unit for further
purification;

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

h) 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.



