*; UVe3eDA<(d(6”7T-3 H GH RECOVERY CARBON MONOXI DE PRODUCTI ON PROCESS 5
BACKGROUND OF THE | NVENTI ON The present invention provides ith
reactor process for producing syngas from hydrocarbon andnﬂ%@ﬂwmwmﬂﬁﬁw- 10
The syngas is cooled and purified to produce pure carbon pure
hydrogen streans. The purification equipnent is designed and op®rdted in a
manner to enable the recycle of waste gas streans back to t T
process thereby ensuring al nost conplete carbon to carbon 4@@ ﬁmmm“mwmr
conversion and very high carbon nonoxi de and hydrogen gas r veries. The
conversi on of hydrocarbons to hydrogen and carbon nonoxi de confﬁ@ﬁ?ng gases
is well known in the art. Exanples of such processes include 20 catalytic
steamreform ng, autothermal catalytic reformng, catalytic parti.al

oxi dati on and ndHGHARAGOVERMALA OHXMM@XI‘DE%MDMC{[%EP&QQE&ES has
advant ages and di sadvant ages and produce various ratios of hydrogen and
carbon nonoxi de, also known as synthesis gas. 25 Catalytic parti al
oxidationgis an exothermi c reaction wherein a hydrocarbon gas, such as

nmet hane, and an oxygen-contai ni ng gas, such as air, are contacted with a
catal yst at el evat ed tenper&VUE%gPKUJH56856545|N¥£@fﬂ6ﬂqproduct cont ai ni ng
hi gh concentrati ons of hydrogen and carbon nonoxi de. The catal ysts used in
t hese processes are typically noble netals, such as platinum 30 or rhodium
and other transitimop prisahsihveHEon providédfRIr 0fmonokithi feablor pFopess for

Partial oxidation processes convert hydrocarbon containing gases, such as
natural gas ®rodisging sxngas frem bydecamkon artPRYEEMBeSR de (CO and ot her
trace conponents such as carbon di oxide (C02), water (H20} and ot her

hydr ocarbons. The process is typically carried out by injecting preheated 5
hydrocarbons and athed#ytitRit-is @dbkidang pgefied td praaiucerpusetoaobor eorimideher e

oxi dation of the hydrocarbons occurs with |ess than stoj ffgﬁll ome%{i c.,anpunts
of oxygen forlnédmsedivsregemstieams. Tha RutficationsauirmeBhisAasigned a0%ry hi gh

t enper atufes,olpgﬁtgga}gtai n@g@ﬁ%ﬁ@gﬁ%blé?ﬁ&r@%@HWast' £X6088mefhakkA6qke and

pressures up n sone reactions, Steamor C02 can al so
be injected iprbdudtiom proaess thersby lkasbeng atmaostdidnypletecagponiesiasbeas pr oduct

and to adjust the ratio of H2 to CO., .Mre recentl artial,_oxidation

pr ocessedShaVBOHREde GP@W@QUE‘?‘]?]VW 'E”E/Rtoﬁéb%_m%ﬁn%bé’d'i’osg)é@o‘%%sact ed

with the OXyQ@@d\Fﬁfétsai ning gas at high space 15 velocities in the presence
t “Suc '

.of a catalys as a netal deposited on a nonolith support. The nonolith
supports are inpregnated with a noble netal such as platinum palladium or

rhodium or other transition al.s sych as ,nickel, cobalt, chrom,um and
the like. Typical IWe @%%S'%E%WW%H}%@PJ‘YQF%Q%%%@P%E?%’BRP@’?R’%
refractory Orcoﬁgfiﬁiﬁbfgndﬂé%g% Wl kndWhn &% aftuMxamplés bEQIEHprotassesingludeé and

the like. Typic ere are two main process cycles for cryogeni c carbon
nonoxi de 20ec matalytic steaharaformisy, aytothermad catahvticaefosavng: eatalylispatial e. The

first generall chi eves hi r,. car i e

hycr ogen 25 S B ToR AR g i Rl dad HLBEY pResser hek,
second i s | esfRARiesPditt §RBHVAMtahES BAE Y bet vaiiseutiss bbinrirohgnianden
purities and carbon nonoxi de recoveries. The present invention recognizes

thi s probl emcatbon snartxide, @lsecknavead symhesgaas. car bon nonoxi de recovery
and hydrogen purity without a comensurate increase in power consunption or
capital 30 expenditures.

25 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
product containing high concentrations of hydrogen and carbon monoxide. The
catalysts used in these processes are typically noble metals, such as piatinum
30  orrhodium, and other transition metals, such as nickel on a suitable support.



‘SUMVARY OF THE | NVENTI ON The present invention provides for an inproved
process for producing carbon nonoxide froma nonolith reactor. The process
conprises the steps of 5 feeding the synthesis gas fromthe nonolith
reactor consisting of carbon nonoxi de, carbon dioxide, nethane and hydrogen
to a carbon dioxide separation system The carbon di oxi de separation system
contains a conpressor to raise the pressure of the synthesis gas into the
carbon di oxi de separati on system thereby separating carbon di oxide from
the feed gas stream The syngas streamis2then fed to a pre-purification
unit (PPU) ( to renove trace C02 and water) before being fed to a carbon

monoxi de renoval %ﬁ&@xidaﬁg@*ﬂr@c{sﬁ%@ c%n@@rltﬂyg%arﬁd% ?@&%mﬁfgé@@s rsﬁg@i ni ng

conmponent s of carbon nonoxi me ne and hydrogen. pr cal ngas
produced by aae®atwrabgas or naphtharto hydrogemeHa warammenbxide (@@Yand oteel y 1

% As a result, a partial condensation, cycle_ is enployed to mnimze the
c(z)sts in terk@c%fzoﬁ‘tmé‘ﬁnlﬁﬁ-'% 4 OBN'Q%&ZQQ%WW%kQ)@WtBebOX. 20 The
col d box congj nuﬂ%e ‘ i by
partially coﬁggﬁr?gigflbﬁ tshe e%rg‘&fsetsffesgt%ﬁrcta ﬁ/e{:?"ﬁgﬁﬁﬁﬁfﬁ@@}ﬁsﬁq é@r&%ﬁ‘%{)ved from
t he condehselydrosdrianszarfdiah ogggerstomtamingigas fritoral domib instioheszinib argviggte bon
nonoxi de and _nget anefﬁgﬁgarg ed tolirpro,ﬁ_iélde \%ﬂ ure.carbon nonoxi de
product stre8i“gHa" & CRPPAAMCCYS WIS %BW?VWmﬁ@mé(ﬂfd box
I's purified pRy rPfo?%éHf;ﬁetéVMdﬁ%@élﬁ%ﬁf Wisfféa@ﬁ&?‘%soéﬁl_}lﬁodu&é’d BE $er Higr. DL

hydrogen product streamand a tail gas stream wever, 0 mtation
of the parti t8Mperedwrsasidnasifcexecess of F80°C anddfieavin exceseof tH0DSD, armhoxi de

Lyotcal appr DRSHURs Fifh BYP RS RRAdIaR T sorbR RRaionte ethats PG Sakangas ogen
puriti esqd r ogkanjestediifo thedARAbARNAWHER th ﬁjdoq’fyitgﬁ K 9&&%&*@5@&@%&” ty of

the cold box cycle, leading to additional capita power on.
The present BAJ&Pedst theeradiomfdattaiGOl initation by 5 recycling streans
where carbon nonoxide is |lost, nanely the tail gas fromthe pressure sw ng
adsorption cycle and the fuel gas stream overhead fromthe carbon nonoxide

col d box back to Muwrefreeshtst padial pxitiation prddeesEahRed bebR HisdfoseRANAWHiGHPN
process and prior, to the conpressor used to conpress the syngas for

i nt roduct i ontNeRYAreRADORGASHS GrBtactrd with theexygenseentaining gas st highisaace al | y

at 10 a low | r I 1 t any ..

2ddi 11 onti " eqaPEEs fn ik praSphUS of 3 o8BI 588N 25 o SR sEfbobed B ol

enpl oyed. Al shppgh Thesngiolits sappatsaneiripredrmated aithan noblRMERE sUEF Y ery
fromthe col ox, th veral |l process achieves a very high carbon nonoxi de

d box, t ) I >
recovery as R@?’Puﬁb p?ﬁ%&léﬁ‘s?’rf@‘)éh’énvcﬁfé}ﬂ&q?ﬂ tranaticsyeetale sucle g nickeh hi gh
;ﬁ\éego 15 ThegohARIcPAYSHIRIM aRATRE IRESTYHEN), ke MBnbith'suPBsrS PP phepialéh H2
from solid refractory or ceramic materials such as alumina, zirconia, magnesia

20 and the like.

Typically there are two main process cycles for cryogenic carbon
monoxide recovery: methane wash cycle and partial condensation cycle. The
first generally achieves higher carbon monoxide recovery and better hydrogen

25  purities but can be more power and capital intensive. The second is less power
and capital intensive but achieves lower hydrogen purities and carbon |
monoxide recoveries. The present invention recognizes this problem and is
able to achieve both higher carbon monoxide recovery and hydrogen purity
without a commensurate increase in power consumption or capital

30 expenditures.



‘fromthe PSA hydrogen separation systemand the fuel gas al so conprising H2
and CO fromthe carbon nonoxi de renoval systemto the conpressor of the.
carbon di oxi de renmoval system 20 The other waste streamfromthe cold box
is the nmethane fromthe carbon nonoxi de-met hane separation colum. This

met hane stream can be recycled back to the feed to the reactor thereby

rai sing the overall conversion of the hydrocarbon in the feed from
approximately 97%in the reactor to alnost 25 100% for the systemas a

whol e. When carbon dioxide is recycled bagk to the reactor, there is
virtually no carbon loss fromthe systemand the overall carbon in the

hydr ocarbon feed to carbon no i I hes 100% Additi onal
benefits include no CO2 em ss%%ﬁ%gﬁﬁwm no ot her waste gas
streans which need to either be disposed of and/or purified prior to 30

t heir disposal. 5 Alternatively, the process of the present invention can
be practiced by eilthecpreseatipventipn prevides|fogar improved protsss fogerodusing at i on

Frel Cons f r onPlaaT wioPREel Forh HmBRCHR e SBE o 1, SBBRRS botmuSds his wSbs of
the carbog difeedifg tfe SPRABSEIGRR fﬁifﬁ&l?éﬁnoﬁBliﬁe@Et%@BbR@ih@%@FcJﬂﬂ%nDRAW NGS

The drawing is a schematic diagramof a nonolith reacto ased carbon 1o
nmonoxi de pr odRRAPHE,Faskben dipgidoEmethars BESORIRTIEONC @rcarbien (i | ON

Ref erence w I t ' I here.is shown an enbodi ment
whi ch descri ggggﬁgfg“gsgsglfﬁciii.oggv?é{éf%# gﬁ&ﬁ?\é@%ﬁﬁt&ﬂs){sﬁ%,ﬁqnﬁﬂﬂsﬁ Oxygen is
fed through lcongpréssar tbhaisetie brddsureetthersyhthebiega® i tHecddaaididxide
conprises a netal cat aléﬁf}‘ consjsting essentially of a nmetal supported by a

ceria coati n§SBREHGOSYSERM o thasphyPePawEBg carhondiexidefeam the faad@ased from
; | aFs ) ; e . M
hentum T2 o paeaf TheltyrBt feanf Hfoh fed {08 pro A Eh R UM, corea’™

fromthe 25 gemopedansi GORrpdobater)ssfotecbeing fed 1t9a crittion monbkitistefmoval
magnesia, ceria and cordierite. Ceria coatling has a weight % between about
5% and about SYB&ilR fis £3pe &icald bexdoseparate the FrINaiNing ¢omperertsoddi nent

titantc. magrane REnERide; P SOHIIRERR: U ther “descr i ption of his
nmetal catalyst nonolith ceram c may
15 The typical syngas produced by the monolith reactor has a methane
content of approximately 1%. As a result, a partial condensation cycle is
employed to minimize the costs in terms of power and capital of the carbon

monoxide cold box.

20 The cold box consist of a number of steps: a raw H, stream is removed
by partially condensing the feed stream, the residual H, is then removed from
the condensed feed to a fuel gas stream, and finally the remaining carbon
monoxide and methane are separated to provide a pure carbon monoxide

product stream and a methane stream.

25
The raw hydrogen from the cold box is purified in a pressure swing
adsorption (PSA) unit to provide a pure hydrogen product stream and a tail gas
stream.
30 However, one limitation of the partial condensation cycle is that it

achieves lower carbon monoxide recoveries and hydrogen purities than a



‘'so be found in co-pending application Serial No. 101143, 705 published on
January 9, 2003, as US 2003/0007926A1 to Jiang et al. -Natural gas is also
fed to reactor A through Iine 1A after passing through de-sul furization
unit Bl. The feed pressures for the oxygen and natural gas are typically

| ow pressures of about 1 bar(g). Line 23 also feeds into reactor A and 5
provi des a supply of carbon dioxide. The feed product gas which conprises
car bon nonoxi de, carbon di oxi de, nethane and hydrogen, as well as nitrogen,
argon and water, |eaves the reactor A thrgugh line 2 to a quench B supplied
wi th quench water through |ine 3. After being quenched from about 1025C to

&1 10 wasToiatS st b3 Ede, Tofhieloe| doadt 18 miarBiaghe St

cont ai ner D. niisidxide fexeiered ahd lhsydﬁjg@w plﬁwuehhfdwafpdmél%oﬁdaﬁéiaﬂoﬁ %@r@i@nsed
in a condensi ng steamtur bi ne wher e %bcon densate exits he condensi ng

st eam t ur bi ndo tﬂﬂ%ﬁﬁﬁ] the; (‘rﬁ'én@eXlD{ plthe geldbbexexcle H@admgdo\wﬁémnab@qmﬂaé to the

condensi ng u at | e through |ine
11 her e ne 25 eherkersBRERa" thelkrepe® iane!G e Gbes DAL AREPATEY

t hrough | §ne r@cydinglstrbams vaihereazoben nibrioideie 0¥t SdmepthetaibgHdfrem thei | | zes
cold water recycle through line 10. Tenperatures of the feed gas stream are

now about anipregfure 2&3"”916‘35‘%!@@9"@8%0'@ @Qdéh% fuel ggs strearmeverhesd diom thener F
e Y. § o GBFdPROABRRE AP nelk BABRIGAEY, 1686 WAl b th3nd BabidiCnddgand e

over head fee exits throu rne ere

t he syngas |separaﬂnasmedesmarabertb&hé@onﬁﬁusscﬁ@usbdrté@bm’ﬁ?@s@ﬂmyﬁgé@d
syngas feed stre mtravels rou h Iine 14 to container H where further

condensat e i $0TNYRHUGHRNINIG, %dquH’@ 98paration pecess. :Fh@ isWafuraliiat eed
gas stregm haaw{ompr@gaﬂe%% ‘?ﬁées@retaﬁ?s"@ér?bé? QY ltﬁ@t%\y;%ﬁ@%aﬁaf bon

di oxi de renov col um operates at to a
bot t oms of t legumhemirand aliaws fonadoglcoist oeld boxtayclectofademnpldyed. 30though head

of colum J and the re 0|I r bott ms of O(E%Wm J ex t thro%rgbllne 18 to
purp 19 wher &EGNFS A EElat OT‘lnﬂl%n QE?CPH@WtEEHBtB?C Pe Mt al

colum |. Li 'ib‘%'e?all ;5r68éssf é&ﬂévéé@v&ﬁy ﬁ'?ﬁ ?qdr?ﬁl%hbﬁ'ﬁe?@bévéﬁé%@‘évéﬁ to the

bottons of the colum J. Line prov OW pressure steamto t

reboil er K meaﬁngutmomaaMMnydrogen reppveryitomthigly lvet.o 3% of t he content of
the feed %as streamis vented and exits through line 23 to a conpressor
unit 24 0N 5 through a dryer unit L where it will ultimately return to the

feed of the nonol iTHz irgREVEHert cdrhﬁﬁs&e&ztﬁgr% t&é{t@P@aé@&%hﬁﬁg HEddeA0e and

hydrogen to the gﬂé gurl fication unit Fenove wat trace
carbon di oxi d@m HheiPSAHdresen separation systent anththerfuetgas alsornamyxisite Hs

met hane and %%gr@@%nmtﬁ(% Hé%on-rrngﬁ&ﬁ\é rmE%I sy%iyn? Poq{%ezc?or;[\grefs(sagrd Lfif§ carbon

nonoxi de col assenb
carbon dioxide removal system.

20
The other waste stream from the cold box is the methane from the

carbon monoxide-methane separation column. This methane stream can be
recycled back to the feed to the reactor thereby raising the overall conversion of
the hydrocarbon in the feed from approximately 97% in the reactor to almost

25  100% for the system as a whole. When carbon dioxide is recycled back to the
reactor, there is virtually no carbon loss from the system and the overall carbon
in the hydrocarbon feed to carbon monoxide conversion approaches 100%.
Additional benefits include no CO, emissions from the process and no other
waste gas streams which need to either be disposed of and/or purified prior to

30 theirdisposal.



‘10 Carbon nonoxide as part of the separated gas fromthe PPU travels
through line 29, is cooled as part of the cold box process and goes to
separator vessel Pl: The overhead from separator vessel P1, a raw H2 stream
of approximately 90% H2 and 10% CO exits through Iine 30 to a regeneration
15 heater unit O which is supplied by a | ow pressure steamline 31 and this
raw hydrogen will re-enter the PPU assenbly M to provide a regeneration
flowto the adsorbent. Line 26 exits the pre-purification unit M carries
the predom nantly 20 hydrogen containing segeneration gas (about 90% to a
hydrogen pressure swi ng adsorption (PSA) unit N. Line 27 which conprises

the PSA tail gas, Wl o TN J X Al bon
nmonoxi de r et urns tﬁ}')ﬂ?ﬁ’rtﬁ%g) © 3%5%&% g)zkl’%’%éreisgégl?\ggréfggncg%gég%ﬁ%%tj)%dgﬁf back
into the comgitbesrecy@ingtie tajldrasgfeompthe dydtogen deparatior BysteydltogrRn PSA uni t
N t hrough |ine 28 where bt 25 may, be supplied to end users. The PSA unit
may be a oneCOMRIESHRTIRARE carbqil Hiox|deseraratipn systam er thedvebgasdom the gases

Vapor 11 om a oot er DRI bR, sPUERP e o SEO0M, fedirin 540F. o

st age PSA5pr sepasatignesysbgmany car bon di oxi de, water vapor and hydrocar bons
can be renoved by adsorption using activated carbon and then using a
zeolite layer to renove any carbon nonoxi de, nitrogen and residual

hydr ocar bons. Conventi ona | ! enpl oyed i ncl ude
y BRIEPIDE CR‘F&Sﬂd}@{q]FST{-IEgb%WN&

type A zeolites and faujasite zeolites hav mula Si 02/ Al203 in a
nolar ratio of about 2.5 to 1. 5 The bottons from columm P1 exits through

line 32 to colum P2 and.the tops from,col unm P2 exits through ||jne 34.
These tops conpri s-@’eaélﬁat‘ﬁvérl‘g 5 SeifmRalG g'aﬂm&?r@?’é@yﬁé‘?ﬁc@% P$LBEAROAr ogen

to car boRgmoraghéiedeBidductién plaected to line 27 which will ultimately bring
it toline 13 for entry into the 10 conpressor assenbly G The bottons from

colum P2 are directed through line 33 to colum P3 where carbon nonoxi de
will exit through the tops through line 36 to a carbon nonoxi de conpressor
unit Q from which carbon nonoxi de product is directed through line 37 to
its end user. Line 38 recycles sone of the carbon nonoxi de gas back into
the cold box to provide heat punping duties. 15 The tops of colum Pl nay
also exit by line 33A and enter |ine 35. Methane fromthe bottonms of colum
P3 exits ghrough line 35 where it is recycled to the nonolith reactor A

t hereby assisting in achieving a greater conversion of the hydrocarbon in

the feed. 20 Wiile this DEVANLHDDHSCRIFHMONIOSCTHESNVENTHONSSpect to
particul ar
Reference will now be made to the figure where there is shown an
embodiment which describes the basic operation of the present invention.
20 Oxygen is fed through line 1 to the monolith reactor A. The monolith reactor
comprises a metal catalyst consisting essentially 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
25  group consisting of zirconia, alumina, yttria, titania, magnesia, ceria and
cordierite. Ceria coating has a weight % between about 5% and about 30%
with respect to the ceramic monolith. In one embodiment, the ceramic is
selected from the group consisting of zirconia, vttria, titania, magnesia, ceria
and cordierite. A further description of this metal catalyst monolith ceramic may
30 be found in co-pending application Serial No. 10/143,705 published on January
9, 2003, as US 2003/0007926A1 to Jiang et al.



enbodi nents thereof, it is apparent that nunerous other fornms and

nodi fications of the invention will be obvious to those skilled in the art.
The appending clains in this invention generally should be construed to
cover all such obvious forns and nodifications which are within the true
spirit and scope 25 of the present invention. 9 Having thus described the
invention, what I claimis: 1. An inproved process for produci ng carbon
nonoxi de froma nonolith reactor conprising the steps: a) feeding a feed
gas conprising carbon nonoxi de, carbon digxi de, nethane and hydrogen to a
carbon di oxi de separation system having at | east one conpressor; b) feeding
said feed gas fromsaid carbon dioxide systemto a carbon nonoxi de
separation system c) feeding a hydrogen stream from said carbon nonoxi de

separation systemNaiurl GusiPaIes F6@ RS HeLEMinEN Al dfer JBYSRERRLgh
conprising recycling the tail gl_as from sai d hydrogen separation™systemto

sai d conpr es§6rsulfyrisaion enit Bdn Thedeederesgupaiordhe oxygenand natiral gasaess as

Fuel "gas 1 onPGH WAFEErats pbBR EHETEE he 2pbn R S atd? | n°

sai d carbgn ﬁr@w@baa%applyaiﬂcgfbcﬁvabﬁm 3rheTié@dF;5r©6@@tha%Swﬁkﬁ'dEﬁibrls@sC' aim1
further conprising recycling the nethane from said carbon nonoxid

separ ati on s¢atkan menexire, rhémb@n|oh¢x1d@;anethanezandmwrpgm®wa&aslnaircmm in

Comressor - S asbandebf NCh 3% RpARRiMbLSR B 2B 600 A SteBier s mhe

process as cM&thrqmanch watsr thrdughh Brie BN AfRir beihglgesriihedieRehalboRn 16251 I s a
pressure sw ggg 5&5 Jption system 6. The process as clained in claiml

wher ei n sai d FoBiRif §€§§'|aé(?‘sdhr%‘59§‘t|m4:%®ﬁt%9é§ sHpeobhertebe1, a

t /
cont a1 85 3\ SRRSNEI BRI £k SIBPEEAIMPBAERIO SORALER |
monol i th r eaBoiler feedpratee s wpmedlthmghllmetS and sl cdridensed $eatdondeysing a

metal supported b ce |a co t| n i sposed _on a ceram c nonolith wherein
sai d netal |§Fe:?é7'§€g ‘6‘? te gxits e GrRpdensingcsteam tadieg t, i ron,

pl ati num pa'tﬁr%dlt;th?'Gr. 'Igﬁﬁmprbbﬁgé‘t% célHt\pﬁBIr F%Bycfe%%&%ﬁagnﬁ]ﬁg\éﬁw sai d

ceramc is selec rom the ‘group consisting of “zirconra, a yttria,
titanic, nmaglésia, ceria and cordierite and said ceria coating has a wei ght
% bet ween. about 5% and about 30% w th respect to said nonolith.
Condensate will also leave container D through line 11 where the
condensate can be recovered. The feed gas stream travels through line 9
through an air cooler 8 to the water cooler E which utilizes cold water recycle
through line 10. Temperatures of the feed gés stream are now about ambient.
20 The feed gas travels through line 9 to container F whereby further condensate
is discharged through line 12 to line 11 and the overhead feed gas exits
through line 13 to the syngas compressor G where the syngas is compressed
to about 10 to about 50 bar(g). The compressed syngas feed stream travels
through line 14 to container H where further condensate is discharged through
25 line 15toline 11. The overhead feed gas stream having been compressed
travels through line 16 to the carbon dioxide removal column | which operates
at 10 to about 30 bar(g).

The bottoms of the column | exit through line 17 to be fed to the
30 overhead of column J and the reboiler bottoms of column J exit through line 18
to pump 19 where they are fed through line 20 to the tops of CO, removal



‘8. The process as clainmed in claim1 further conprising the production of
high purity hydrogen. 9. The process as claimed in claim1l wherein said
tail gas conprises about 2:1 by volume of hydrogen to carbon nonoxi de and
said fuel gas conprises about 2:1 by volune of hydrogen to carbon nonoxi de.
10. The process as clained in claim1 wherein carbon dioxide is renoved
fromsaid feed gas in step (a) and carbon nonoxide is renoved fromsaid
feed gas in step (b). 11. The process as clainmed in claim1l wherein
hydrogen is renoved fromsaid feed gas streamas a raw HZ streamin step
(b) and further purified in step (c). .A .A&F Y. AL y. ALU

ALU, . A9. &e
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15 heater unit O which is supplied by a low pressure steam line 31 and this raw
hydrogen will re-enter the PPU assembly M, to provide a regeneration flow to

the adsorbent.

Line 26 exits the pre-purification unit M, carries the predominantly
20  hydrogen containing regeneration gas (about 90%) to a hydrogen pressure
swing adsorption (PSA) unit N. Line 27 which comprises the PSA tail gas,
which is approximately 2:1 ratio of hydrogen to carbon monoxide returns to line
13 to provide the separated carbon monoxide back into the compressor G. The
hydrogen product will exit the hydrogen PSA unit N through line 28 where it
25 may be supplied to end users.

The PSA unit may be a one-state process of purification which will
remove impurity gases such as carbon monoxide, nitrogen, hydrocarbons,
carbon dioxide and water vapor from a gas mixture. Higher purities can be

30 obtained using a two stage PSA process whereby any carbon dioxide, water

vapor and hydrocarbons can be removed by adsorption using activated carbon
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and then using a zeolite layer to remove any carbon monoxide, nitrogen and
residual hydrocarbons. Conventional zeolite adsorbents that can be employed
include type A zeolites and faujasite zeolites having the formula SiO4/Al;03 in a

molar ratio of about 2.5 to 1.

The bottoms from column P1 exits through line 32 to column P2 and the
tops from column P2 exits through line 34. These tops comprise a fuel gas
which is approximately 2:1 ratio of hydrogen to carbon monoxide which is
directed to line 27 which will ultimately bring it to line 13 for entry into the

10 compressor assembly G. The bottoms from column P2 are directed through
line 33 to column P3 where carbon monoxide will exit through the tops through
line 36 to a carbon monoxide compressor unit Q from which carbon monoxide
product is directed through line 37 to its end user. Line 38 recycles some of the
carbon monoxide gas back into the cold box to provide heat pumping duties.

15 The tops of column P1 may also exit by line 33A and enter line 35. Methane
from the bottoms of column P3 exits through line 35 where it is recycled to the
monolith reactor A thereby assisting in achieving a greater conversion of the
hydrocarbon in the feed.

20 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
appending claims in this invention generally should be construed to cover all
such obvious forms and modifications which are within the true spirit and scope

25 of the present invention.



'"10%&' ()- , 10%& ()-0 N Qw dEYNC 10H &10%& ()- "10%&' ()- L!10%&' ()- "I
109%& ()-fz109%&' ()- ,s10%& ()- Q!;""#d# ?YNC 10H410%&' ()-!fLlI 1M 10%&' ()-/
109 ()- .310%& ()-*10%& ()-!fL'!10%& ()- d#$X$$3$$$$u%- @ 10H
109%& ()-y&l0%&' ()- 10 10 10, ;
10%&' ()- L6"10%&' ()-G S L6"10%& ()-QuykB ') (, (mM}"?~_@
10Hy#109%& ()-Ls! 109& () - &Z10%& ()-f 10%& ()-! NL"10%&' ()-!$4" 10%& ()-nm(Q)5*~
*+e+aB~_ @ 10H9310%& ()- ! S9/ m 10%& ()-Y.Z10%& ()-, 10%& ()- 9y)Z"109%&' () - $-
1098 ()-Ge+~++,[,\,],”, , xnbC 10H@ 10% & (9- 10 10 10f;
'109& ()-99"109%& ()-f8109%& ()-410%& ()-_,,C---.z.dEnmbC 10HyS10% & ()-y-
10 & ()- 1109 & ()-y :10% & ()-y&0% & ()-y 10% & ()-z.//T///0dBnbC
10H! 1 9s! 109%&' ()-ygl0% & () -yl 10% & ()- S 10% & ()- 9F10% & ()-y
109 & () - 00#1Hagidp tRud GesCrititl O itvéntion] Mt Relajm ya.
1096 & ()-1N& "109% (& ()-!; & "109%& ()-y"10% & ()-f3J33+4, 4- 4. 4y45~ @ 10Hyz
109 & ()-fl Z10% & () -

1. An improved process for producing carbon monoxide from a monolith

reactor comprising the steps:

. a) feeding a feed gas comprising carbon monoxide, carbon dioxide,
methane and hydrogen to a carbon dioxide separation system having at least
one compressor;

b) feeding said feed gas from said carbon dioxide system to a
carbon monoxide separation system;

c) feeding a hydrogen stream from said carbon monoxide
separation system to a hydrogen separation system;

d) the improvement comprising recycling the tail gas from said
hydrogen separation system to said compressor in said carbon dioxide
separation system.

2. The process as claimed in claim 1 wherein said improvement further
comprises recycling the fuel gas from said carbon monoxide separation system
to said compressor in said carbon dioxide separation system.

3. The process as claimed in claim 1 further comprising recycling the
methane from said carbon monoxide separation system to said monolith

reactor.

4, The process as claimed in claim 1 wherein said carbon dioxide
separation system comprises a compressor, a CO, adsorption column and a

COq, stripper column.
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7. The process as claimed in claim 1 wherein said monolith reactor
comprises a metal catalyst consisting essentially of a metal supported by a
ceria coating disposed on a ceramic monolith wherein said metal is selected
from the group consisting of nickel, cobalt, iron, platinum, palladium, iridium,
rhenium, ruthenium, rhodium and osmium said ceramic is selected from the
group consisting of zirconia, alumina, yttria, titania, magnesia, ceria and
cordierite and said ceria coating has a weight % between about 5% and about
30% with respect to said monolith.

8. The process as claimed in claim 1 further comprising the production of
high purity hydrogen.

9. The process as claimed in claim 1 wherein said tail gas comprises about
2:1 by volume of hydrogen to carbon monoxide and said fuel gas comprises
about 2:1 by volume of hydrogen to carbon monoxide.

10.  The process as claimed in claim 1 wherein carbon dioxide is removed
from said feed gas in step (&) and carbon monoxide is removed from said
feed gas in step (b).

11.  The process as claimed in claim 1 wherein hydrogeh is removed from

said feed gas stream as a raw Ha stream in step (b) and further purified in step

(c).



