H GH RECOVERY CARBON_MONOXI DE PRODUCTI ON PROCESS 5 BACKGROUND OF THE
" I NVENTI ON The present, i j rovides for a nonolith reactor process for
produci ng syngas froﬂ“ﬂﬂﬁ@ﬁ@ﬂﬁ@ﬁﬁ and oxygen feeds. 10 The syngas is cool ed
and purified to prod on nonoxi de and pure hydrogen streans.
The purification equi pnehifé'¥s desi gned and operated in a manner to enable
the recycle of waste gas streans back to the production process 't hereby
ensuring al nost conplete carbon to carbon 15 nonoxi de conversion and very
hi gh carbon monoxi de and hydrogen gas recoveries. The conversion of

hydr ocar bons to hydrogen and carbon nonoxi de containing gases is well
known in the art. Exanples of such processes include 20 catalytic steam

reform ng, auto t } r7 i | g -dat i on and
non-catal ytic pk{]]@%bﬁﬁéghﬁﬁﬁﬁ@ﬁ Wé@é ?%%%@@Wagngggﬁt ages
and di sadvant ages and produce various ratios of hydrogen and carbon

nonoxi de, al so known as synthesis gas. 25 Catalytic partial oxidation is an
exot herm& reaction wherein a hydrocarbon gas, such as nethane, and an

oxygen- cont ai ni ng gas, SUChgi?JP@GhOUIQbeO?GﬂII@%ﬁ% 'ltha catal yst at
p

el evated tenperatures to produce a reaction roduct contai ni ng high
concentrations of hydrogen and carbon nonoxi de. The catalysts used in

t hese processes are typically noble netals, such as platinum 30 or rhodium
and ot her transitiloR RFES@MSNVETRAN BEVIFasOr agnogolthireasios PSR fer 2

natural gas BONRIH REREE o BrONER TR AEEPBBRTBRER! ce0chy ana otner
10
The syngas is cooled and purified to produce pure carbon monoxide
and pure hydrogen streams. The purification equipment is designed and
operated in a manner to enable the recycle of waste gas streams back to the
production process thereby ensuring almost complete carbon to carbon
15 monoxide conversion and very high carbon monoxide and hydrogen..gas

recoveries.

The conversion of hydrocarbons to hydrogen and carbon monoxide
containing gases is well known in the art. Examples of such processes include
20 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.

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 platinum

30 orrhodium, and other transition metals, such as nickel on a suitable support.
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trace conponents such as carbon dioxide (002), water (H20 and ot her

" hydrocarbons. The process is typically carried out by injecting preheated 5
hydr ocar bons and an oxygen-contai ning gas into a conbusti on chanber where
oxi dation of the hydrocarbons occurs with | ess than stoichionetric anmounts
of oxygen for conplete conbustion. This reaction is conducted at very high
tenperatures, such as in excess of 700C and often in excess of 1,0001C, and
pressures up to 150 atnospheres. In sone reactions, steamor 002 can al so
1o be injected into the conbustion chanber” to nodify the synthesis gas
product and to adjust the ratio of H2 to CO. Mre recently, partial

oxi dation pr ocesseéam{/@ndamﬂ grasessee gonyeriiydracarbion eopdiriotgraasesgsisch s

the. pr esence o1 NACE AR RS RLARrEEEn e, 8RN 6 g (ERRREI G por
The monol i th Bagpesmponsstsistighedeireen Widdte(COY! watet(ph,O vl oliser pl ati num

pal | adi um or rhodium or _other transition netals such as nickel, cobalt,
chromi um and Ry@orangensThedupresss isfyieallyrasried put by ieetingprehgatedar ed

monesia 20 SAAOReoP pod AR R RAD GRCE BtlPn hehfihere

cryogeni c car bgidatioroothiedsdiecpieny occms ihdes@ tHarcstolohicméltripanidwits of
condensation cycle. The first generally. achi eves higher carbon nonoxide
recovery and B¥tgesrfongemplede combygtion.i daisggacliqmisrondwctedhyary Bigh capit al
intensive. Thg f‘ﬂeé,%u'cgsa% RWREss B0 éﬁ&‘bﬂbﬂtiﬁ'éibéfﬁm 066 SRS

| ower hydrogen purities and carbon nonoxi de recoveri es. e preéserit

i nvention recppssars upios1 30 aetrhesphenes.i B sarhé eeactionshsi@aen boCh,luaghuso

car bon nopnoxi de.r.ecover nd hydrgen purit W t hout a comrensur at e
Uncrease 1 pBaARSCERAES GANBUsHAD Fhambeblomosithe suathess aaSRNCtor THE
| NVENTI ON 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
15  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
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.



The present invention provides for an inproved process for producing

" carbon nmonoxide froma nonolith reactor. The process conprises the steps of
5 feeding the synthesis gas fromthe nonolith reactor consisting of carbon
nonoxi de, carbon di oxi de, nethane and hydrogen to a carbon di oxi de :
separation system The carbon di oxi de separation systemcontains a
conpressor to raise the pressure of the synthesis gas into the carbon

di oxi de separation system thereby separating carbon dioxide fromthe feed
gas 1o stream The syngas streamis then fdd to a pre-purification unit
(PPU) (to renove trace CO2 and water) before being fed to a carbon

nonoxi de removal system in t8UMMARY @QFCTHE INVENTIONsepar ate t he
remai ni ng conponents of carbon nonoxi de, nethane and hydrogen. 15 The

typi cal syngas produced by the nonolith reactor has a nethane content of
approximately 1 % : : i} I i m|.oyed
tgpn‘i nim ze %/he co-srﬁg p?%éé:fg;tﬂn\}gnggn%ﬁy%aﬁ%ﬁﬁgégproﬁﬁggg%r’r%rgﬁﬁg{ﬂ noxi de
col d box. 20 dambonohdndadde fromsa shorudlittareaotdre Thefpreteysscomprises the stépeaim i s

d b tiall densi the feed siream the residual H2 is then
emoved from GG BIRAVALIEFS Be% OB thermanolih SeattoEaRRSISing @1iGRsboy ¢ he

remai ni ng car RypoxidRNeXiLd &Md@%gﬂ%eaérﬁd ﬁg@?péﬁ?@atc%gt%l[ﬂw&%ea pure

carbon nonoxi de product stream and a netha ream e raw hydrogen
from t he col dseéparatian pystefr. etiheé naboprdiexide sepaiation sydteon pontaing #SA) unit to
provi de a pure hydroge r.odyct streamf%ﬁd a %ai] as. st ream 38. However ,
one |initati of®BPIH rB?i FANCRIRGRNE i 0% SEYORE'S; SR thecaroRr fioxide | ower
carbon nonoxi geparafien syétesn, aihdrdB SRR ARy EarbbAHididd frdnfihe BERA] Wash
cold box cycle. The typical approach to inproving the carbon
10 stream. The syngas stream is then fed to a pre-purification unit (PPU) ( to
remove trace CO2 and water) before being fed to a carbon monoxide removal
system, in this case a cold box, to separate the remaining corhponents of

carbon monoxide, methane and hydrogen.

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



monoxi dé recoveries and hydrogen purities froma partial condensation cycle
"is to increase the conplexity of the cold box cycle, |eading to additional
capital and power consunption. The present invention overcones this
limtation 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 cold box back to the feed stream prior
to the carbon di oxi de separation process pnd prior to the conpressor used
to conpress the syngas for introduction into the carbon di oxi de separation
process. This is naturally at 10 a | ow pressure so the two streans can be
recycl ed wi t hoethang/washlicolddrax cycleyul perdyiicalapprddcbve improving the easbon col d
box cycle to be egployed. Although, this gives a relatively |ow carhon
Tonox de. r ecdlBrS PedRcotrries iy oo BublidERaf 4 FrBEléddanslion B8k
hi gh carbon mmgzsreé%ert%%ﬁfgyem ofiehd coldl bdx§ycRAdHIng ftLaddiid i lcapialr ogen
recovery to a high level. 15 The_ inprovenent ‘conprises recycling the tail
gas conpri si n@NdHROWeH COTSUMPYA. t hiee PEXSay irvegtian sepmomeasdhisdifaitationdid t he

o the. conpr SSL3FMs Syt BneRE ot nBbHER KT 2PnTn e 6 o8 RIS Vas e
stream from t peessatedswinyg ddsotgtnrsiclaard theofuel §&s stedpuvermaxirgertiet hane
separation colum. This nethane stream can be recycled back to the feed to

the reactor t&RPEPYNPRXHe goldRoxRagkdpIthe derdsleearn poior ta the ¢arlp St in
he feed f | %0, 0 fh
Systom as o woraati BROCEsY ané il 1o e bGMBHELsof o) RPGImBRs AR Slfdas

there is virtfolintyoduzstionrtorthé eabdir dioxidbseprrdtiom process €T iy &3 Aaturaligrdpon
in the hydrocarbon feed to carbon nonoxi de conversian ai)pr oaches 100%

Addi ti onal® beRdPW PECISYES SRENH BVEBICIMS AN racy elffl tithoyt 8B 88dBRAANO ot her
waste gas strgaipni GRdMEHs G £1wEbstXDIFbEREFEE tObe MPIB el UAIthbGgh PT i OF

to
this gives a relatively low carbon monoxide recovery from the cold box, the
overall process achieves a very high carbon monoxide recovery as well as

increasing the overall hydrogen recovery to a high level.

15
The improvement comprises recycling the tail gas comprising H, and CO
from the PSA hydrogen separation system and the fuel gas also comprising Hz
and CO from the carbon monoxide removai system to the compressor of the
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 their disposal.



30 their disposal. 5 Alternatively, the process of the present invention
" can be practiced by either recycling the tail gas fromthe hydrogen
separation systemto the conpressor in the carbon di oxi de separation
systemor the fuel gas fromthe carbon nonoxi de separation systemto the
conpressor in the carbon dioxide 5 separation system BRI EF DESCRI PTI ON OF
THE DRAW NGS The drawing is a schematic diagram of a nonolith reactor based
carbon lo nonoxide production plant. 15 DETAILED DESCRI PTI ON OF THE

| NVENTI ON  Reference will now be made to the figure where there is shown an
enbodi mnent whi ch descri bes the basic operation of the present invention. 20
Oxygen is fed throblermatively| thedrepesseibpinrasent dnvestion cantke pissiced By

reactor conpgi iS4 j al t al
Gupport ed by gt 3pRudidhe 41 Gy Fort ARENTLOEn SERERIH et G482
sel ect ed frongdmpreddopiptieocrbshidigkidé separation systethtor the fwel gasatomuieg
palladium iridium rhenium ruthenium rhodiumand osm um The ceramc

material is seAOONIHONPYALSEEAIHICH BHStePIAdNG COMPressys;in dogrcarbon digxing,

yttria, titanj ceria and cordierite. Ceria coating has a
wei ght %béetwge nargggﬁt%§/ M%nd about 30% with respect to the ceramc
nmonolith. In one enbodinent, the ceramc is selected fromthe group

consisting of zirconia, yttrj i tani ia, ri nd cordierite. A
further description of thi%’g{l@f Qgﬁ%%ﬁ%%gﬂﬁg@*@ﬁ 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. 6 Natural gas is also fed to
reactor A through Thearawingfis ersghessticgdiagnacugha monolith reactor based carbon

10  monoxide production plant.

15
DETAILED DESCRIPTION OF THE INVENTION

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, yttria, 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.



de-sul furization unit Bl. The feed pressures for the oxygen and natural gas

. are typically low pressures of about 1 bar(g). Line 23 also feeds into

reactor A and 5 provides a supply of carbon dioxide. The feed product gas
whi ch conpri ses carbon nonoxi de, carbon di oxi de, nethane and hydrogen, as
wel |l as nitrogen, argon and water, |eaves the reactor A through line 2 to
a quench B supplied wth quench water through line 3. After being quenched
from about 1025C to about 800C, this feed gas travels through line 4 to a
steam super heater Cl, a | o waste heat boiter C2 and a boiler feed water
exchanger C3 to container D. Boiler feed water is supplied through line 5
and is condensed in a condensing steamturbine C4 whereby condensate exits
t he condensing steam t urbi ne throu&ﬁ line 6. Line 7 provides the cold

water recycle to tNetWangRMiSi 3lgC fad 10 regator fethrgugiblingd A affer passisg threngh
. > _ i
oo gns. str e utizdlsh, drt BIDMe (a6 pROMIES B e BRydn A6 RUEIHbas 18

wat er cool er fypidailg lowprédsuess obdabbmatbm(gj)edyigé e3 alérg) faedl ihtggegr%tarﬁ andd
Tenperatures of the feed gas stream are now about anbient. . e feed gas
travel s tht ouBfPVIG&se §UFPQJ9@ZH?%9QM'°¥”%J Heed rodlst aas e gerprisas

Chrenandp oG8R hbisAde dobh BRxdde, Mtnbhe AU RFGG 8P fithben, |

through line 13 to the syngas conpressor ere ngas 1s conp
to about 10 t ergaincand Watdralegyes tikheactor tscegh Eye@as of qeshchitB eappligdavel s

h h |i 14 t tai H fyrther, d te i i sch d
through 25 11 Hah Esengh Mater ioUeh e Aieh Beir B GRbod rama apAdy Jap belen
conpressed t gpy@ g0PL! B8 fedd §5s ﬂrgvélg tﬁr’&%%ﬁaeﬁﬁgqntodé Stela ts{x] terC@jll wm |

whi ch operates at 10 to about ™30 bar(g). ottons O e columm [" exit
t hrough | ihe Wasteoheas bioddr €2 aritba oilernfeet avalenéxchaingen C3 tardntaimer@boi | er

bottonms of colum xit throu L i,ne 18 . t ump 19 where. the re.fed
t hrough | i ne éellqroﬁlagﬁé(vqtgblg S&P%wh}@”gggpe% and'8 condénsed in a cgngensmg
steam turbine C4 whereby condensate exits the condensing steam turbine

through line 6. Line 7 provides the cold water recycle to the condensing unit
BA.

15

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



7 colum |. Line 21 runs fromline 18 to the reboiler unit K and back to
"the bottons of the colum J. Line 22 provides |ow pressure steamto the
reboiler K. Carbon dioxide which is approxinmately 2 to 3% of the content
of the feed gas streamis vented and exits through line 23 to a conpressor
unit 24 on 5 through a dryer unit L where it wll ultimately return to the
feed of the nonolith reactor A Line 25 feeds carbon nonoxi de, nethane and
hydrogen to the pre- purification unit Mwhich will renove water, trace
carbon di oxi de, and ot her extraneous gase7$ fromthe carbon nonoxi de,

met hane and hydrogen m xture. These will exit through 29 to feed the

car bon nonoxi ceumalid Line 2 &ssresizom Iihe 18t tber freboileramitk deddmckdothef the

separated gas, fromt PPU travel s hrough line 29, is cooled as part of
the col d box B?&B%QPEWU“SJB@%‘ 4 d-188 garRipYes | pggssute staam iR e febagtlier om

separ at or vesgelcPlon @idx@ WRichli§ 88PIoXmafiPs S 3IRLEhY %ﬂ\?{%{# AR rdfo CO

exits through line 30 to a regeneration 15 heater unit Ich is supplied
by a | ow presgas straaraasvented B exid thidughrlne 2ioda ogmpreddor uné-2dnorer t he

PPU assenbl t rovide.g regeneratian flow to  the adsorhent. Linpe 26
exi ta ¢ he by eltendh Reiaraith R el viateld st trolie fame 0§ TeomianatBgen
contai ni ng r egRARRIrA | PRedFSfekdl HFbAAHbNbRid8, MEHRAREANPHESOUER to THé B%.
adsorption (PSA) unit N Line 27 which conprises the PSA tail gas, i ch

i s appr oxi mat purfication uaitin whichhyiiregeetwaten ttaoe ceobarx didxidesandreghen | i ne
13 to provide_ the separated carbon noxi de .back into the c ressaor G The
nyclr ogen pr odETENACIE GASPE TR THY o DR e e KBDR AOaN Fpoe BEHHor o 1
25 may be supphéssiwilite@ntHrdig 29 tolfeed RIRé cifbdn MBYiokiBeZoRNBox haddmBRaeess of
purification which will renbve inpurity gases such as carbon nonoxi de,

nitrogen,%ydrocar bons, carbon di oxi de and water vapor fro_m a gas m xture.
Hi gher purities Ca&apoeon monoxide as part of the separated gas from the PPU travels

through line 29, is cooled as part of the cold box process and goes to separator
vessel P1. The overhead from separator vessel P1, a raw H, stream of
approximately 90% H; and 10% CO exits through line 30 to a regeneration

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



30 obtained ‘'using a two stage PSA process whereby any carbon di oxi de, water
" vapor and hydrocarbons can be renoved by adsorption using activated carbon
8 and then using a zeolite layer to renove any carbon nonoxi de, nitrogen
and residual hydrocarbons. Conventional zeolite adsorbents that can be
enpl oyed include type A zeolites and faujasite zeolites having the fornul a
Si2/AI2G3 in a nolar ratio of about 2.5 to 1. 5 The bottonms from col um
P1 exits through Iine 32 to colum P2 and the tops fromcolum P2 exits
through line 34. These tops conprise a fuel gas which is approximately 2:1
rati o of hydrogen to carbon nonoxide which is directed to |line 27 which

wi || ultimat eényd thamgsing atzeolifenlayardtofremasetany ¢arbon nitnokide; oitprgensand

assenbly G The.botto fromcolum P2 are directed through line 33 to

ol um P3 whetRaL bifTRsBHEREG S e tanal Sachie oo LA B B 36
to a carbon memed%&w&mfe%%nwmugaéﬁefieamwavm%ﬁql’e%ﬂnm@i&mzoﬂh%ﬂuct
is directed through’line 37 to its end user. Line 38 recycles sone of the
car bon nonoxi d@lajdstioat abowitH5t®d. col d box to provi de heat punping duties.

15 The topaf of colum P1 may also exit by line 33A and enter |ine 35.
Met hane fromthe bottons of columm P3 exits through line 35 where it is

recycled to the npRElboHBsSsh @olutni IFer &bt tRRightline®B2 1 GitmA\PNendthe
greater conversion of the  hydrocarbon in the feed. 20 Wiile this invention

has been desclapsdtpmicolinrBgexits tropghtlined4ar Theseions eempsisetectiuebgas it i s

apparent that : 5. | i ons_of the invention wll
be obvi ous t OWB L&g‘jé%@ E[‘I%’gg{%'ﬁﬂ@t@%.hyﬁ{ﬁ’get‘atﬁgém %@%Epé'pﬁsw?'ﬁh Fni s
i nvention gengiredtey t6 ol vitcie ailsditinetely Oringtas link 13 forehtrpinto @ f or s
and nodifications which are within the true. spirit and scope 25 of the
present i HvenEPMRresspOEseMEly 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.



9 Clains: 1. An inproved process for producing carbon nonoxide froma
monolith reactor conprising the steps: 5 a) feeding a feed gas conprising
car bon nonoxi de, carbon di oxi de, nethane and hydrogen to a ca jggxi de
separation system having at |east one conpressor; 10 b) feedi ng sal eed
gas from said carbon di oxi de systemto a carbon nonoxi de separation
system c¢) feeding a hydrogen stream frofm sai d carbon nonoxi de separation
systemto a h?/drogen separation system 15 d) the inprovenent conprising
recycling thel@mpsl gas from said hydrogen separation systemand the fuel
gas from said carbon nonoxi de separation systemto said conpressor in said
carbon di oxi de separation system 20 2. The process as clained in claim1l
further conpri si mgn irepymlednprddess foetpnadecing aarkan ancroxXide froomox indenolith
separation systemto said nonolith reactor. 3. The process as clained in
claim 1 wher@AHOESPAPESINGIHEHI®RF de separation system conprises a
conpressgr, a CO2 adsorption colum and a 25 CO2 stripper colum. 4. The
process as claimed in claim1 wherein said hydrogen separation system is a
pressure sw ng adgor ptfeedingya ferd ga® comprising cathensmanoxidei satbamdioxiden 1

cont ai ni ng AnEBRRRHEY Nyicgen REF Rrayt SRR SR ARTBR DB s dLattnane
splitter colgygecorhpfdé8oM SE 10

10 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;

15
d) the improvement comprising recycling the tail gas from said
hydrogen separation system and the fuel gas from said carbon monoxide
separation system to said compressor in said carbon dioxide separation system.
20 2. The process as claimed in claim 1 further comprising recycling the

methane from said carbon monoxide separation system to said monolith reactor.

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

25  CO; stripper column.

4. The process as claimed in claim 1 wherein said hydrogen separation system

is a pressure swing adsorption system.

30 5. The process as claimed in claim 1 wherein said carbon monoxide
separation system comprises a cold box containing a separator vessel, stripper

column and carbon monoxide/methane splitter column.



6. The procéss as claimed in claim1 wherein said nonolith reactor
" conprises a netal catalyst consisting essentially of a nmetal supported by a
ceria coating disposed on a ceramc nonolith wherein said netal is selected

5 fromthe group consisting of nickel, cobalt, iron, platinum pﬁls(é\ﬁgwﬂjgd
iridium rhenium ruthenium rhodiumand osmumsaid ceramc is

fromthe group consisting of zirconia, Hunina, yttria, titania, magnesia,
ceria and cordierite and said ceria coating has a wei ght % between about
5% and about 30%wi th respect to said monolith. 10 7. The process as

claimed in ¢faim e](‘)g%rwggs c%r%rélm g "g Eﬁam oilju\&/hé@?n of2if nd JFH re¥ctor
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7. The process as claimed in claim 1 further comprising the production of high

purity hydrogen.

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

2:1 by volume of hydrogen to carbon monoxide.

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

10. The process as claimed in claim 1 wherein hydrogen is removed from said

feed gas stream as a raw H, stream in step (b) and further purified in step (c).
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