METHOD FOR RECOVERI NG A NATURAL GAS CONTAM NATED W TH HI GH LEVELS OF CO2
Cross Reference to Related Applications 5This application clainms priority
fromU S. Provisional Application Ser. No. 61/053,233 filed May 15, 2008,
whi ch i s hexebysiineor porated by reference in its entiretyysioo®dsdssof the
I nventi on The present invention is directed to a nethod for
recovering a natural gas contam nated with high | evels of CO2. 10Background
of the Invention Natural gas is a fuel gas used extensively in the
petrochem cal and other chem cals busi nesses. Natural gas is conprised of
| i ght hydr ocarm@mHOD FORRECD VERINGe NABMURALSGRS CONTAMINATEDWIOHher heavi er
hydr ocar bon gases such as et hang r - but ane. Natural gas may al so
contain sone quantities of non-ﬁil%]rq&%gnoﬁg@ﬁt am nant" 15conponents such
as carbon di oxi de and hydrogen sul fide. Natural gas is often
extract ed frQomssitianens : idpblitetisnhat are renote or |ocated of fshore.
Conver si op of nat’[ﬂfs@‘#) 119%;11':18'111%pl-iblﬂyhgmiﬂyvﬁw&?s[]o%'}\ ﬁca‘a%&ﬁ'?. Ngquired to
produce an econom cari via I'e product when the natural gas field from
whi ch t he natitsar3yhlsd May bt 8ellFewkicli i§ herelirdeceimprated duradienie tHtssotialgcess to a
gas pi pel i neri.i@aendBl aed, commonly 20used to convert natural gas to a liquid
hydr ocarbon Is tg cryogenically cool the natural gas to condense the
hydr ocar bons i nt dhaPFeHirERtionittirerd watrded {oatcovriye prrtydleds t o convert
natural gas douamideled Wil higy #va@cardzgn is to convert the natural gas to a
synt hesii gas E ‘partial oxjdation or steamreform ng, and subsequently
converti hy MM’V Uto0 a liquid hydrocarbon, such as that produced
by a Fi sher - Tr op3atural gaddd foel gaSyat dresdighgiashepee@aasich] 2of stoacivatidalsal gas may
al so be Conveir‘iglce geqt R’ataral i)‘aqtlj‘i dl 1h1¥*d50 afﬂogr O'X‘ylgle‘ﬂalti:%arﬁu?n@ﬂu%? t hanol .
Non- hydr ocar BoR oD BRGNS BSPIRAC AR g R o§ R e RaTary JelaitsVlbr ed
cont am nant ssnwHenmoonydiothenigatitrayhataroalgasgasich o eghahd, gwpehempd boamr bon or a
i qui d_hydrogarhon, QY8603 «R RERE QXbR dRBFSHERARN- hy dr ocar bon
contam nant, particularly en present 1n e

15 components such as carbon dioxide and hydrogen sulfide.

W

Natural gas is often extracted from natural gas ficlds that are remote or located off-
shore. Conversion of natural gas to a liquid hydrocarbon is often required to produce an
economically viable product when the natural gas field from which the natural gas is
produced is remotely located with no access to a gas pipeline. One method commonly

20 used to convert natural gas to a liquid hydrocarbon is to cryogenically cool the natural gas
to condense the hydrocarbons into a liquid. Another method that may be used to convert
natural gas to a liguid hydrocarben is to convert the natural gas to a synthesis gas by partial
oxidation or stcam reforming, and subsequently converting the synthesis gas to a liquid
hydrocarbon, such as that produced by a Fisher-Tropsch reaction. Synthesis gas prepared

25  from natural gas may also be converted to a liquid hydrocarbon oxygenate such as
methanol.

Non-hydrocarbon components of natural gas are generally considered contaminants
when converting the natural gas to a liquid hydrocarbon or a liquid hydrocarbon oxygenate.
Carbon dioxide is one such non-hydrocarbon contaminant, particularly when present in the

30  natural gas in large quantitics.

In a cryogemc cooling process to liquefy hydrocarbons in a natural gas, carbon

dioxide may crystallize when cryogenically cooling the natural gas, blocking valves and

pipes used in the cooling process. Further, carbon dioxide utilizes volume in a



30natural gas in large quantities. In a cryogenic cooling process to
| i qguefy hydrocarbons in a natural gas, carbon dioxide may crystallize when
cryogeni cally cooling the natural gas, blocking valves and pipes used in

t he cool i ngwprees&s1y Further, carbon dioxide utilizes yoruwamod sy

cryogeni cally cool ed |iquid hydrocarbon/carbon di oxi de m xture that woul d
preferably be utilized only by the liquid hydrocarbon, particularly when
the liquid hydrocarbon is to be transported froma renote | ocation. Carbon
di oxi de al so may inpair conversion of natural gas to synthesis gas so that
a 5liquid hydyaesicdorodtd auidihgatbahHoy/dibaadidxai nﬁﬂy@ematvmmaﬁm@blyme pr epar ed
by converting.the nat | 0. S esi s S, an

converting tﬁ[éhZ @%‘B’ﬁb g{wghqﬁgﬁwfhfi“éboln }{“Q @dlk?%IFegglgri 1‘6‘#]07&%3“ 1"3 Lu%/ldrocar bon
oxygenat e. Sirgmpdtied b a qussont Ibdaties  of carbon diOX|de may i npair conversion
of a natural gas y L N . by steam
reform ng. 10Par€%§?§g§%g§§&§ﬁ%b p?ﬁgﬁﬁgmﬁfgﬁﬁ& ié{mqéhﬂ%&égqggh esi s gas
is usuall§ efiquethydcdihon oo tinisidogarbén Ctxmgenatamm@tlbc grenared yivonvertagy gen
contai ni g 0as ka0 LGIREK BLUnERHLYRIGAL Yo Ae hEGaheIACMIRR! he
partial oxidation i's catalytically induced % | éast he
partial oxi d%)tdr%ﬁb?l’soréﬂ#*éblt%@dwplt pryERRate aPignifieant quantitigs of cyibpE fiedMt anount of
carbon di oxi gey ih$aPERS&Ebn bR nkilAl HAtdyAthesBags byl dtBerRtiRRRIdEiOr 8¢ tends to
guench the 15conbustion, limting the effectiveness of the parti al

oxi dati on reﬁﬁ@ﬁ&%”?&éproduce synthesis gas fromthe natural gas.
Additionably, f um&ﬂaammam&&&b Agual daoto 1@&6&&19&11@;5@@@13 psru@lmufﬂcct@dmuced by
partial oxidation. |n¥ﬁ%ves Si nlflcant heat oss of thernal

energy si nce"PEsHEY At HRiee! §as ‘H‘ra(’}c?fﬁ%g@’élc%vnblgr&df %1 h’%ﬁ?%ﬁt%ﬁ must be cool ed
by at |east #QOMy at Iy@t ward yhatihd ekt od@a6 & catalAblly iphicat anti@t ledss Ut i1 i zation
ui d hydr.ocarbon oxygenate, and

to produce a || qu ydr ocar bon or

much t her mal )Oé?r%?fb@v \hﬁ-’sparftaﬁ?midﬂmyaefﬁecr?ﬁa’fdlg? SIS SEHAPREIMUNS gy | oss
from parti al cafyh dRkidon p@:tenammaetlufuah g aGe Eatvh AloRidB Enlisxb g@:newta@t ities of
carbon di X|de at tgﬁﬁ exce art| excessive

| y
since the | EPGRiGh e By Py & Mol PR HE Do T SSe et be

exten3|velyg@@&hedwaﬁmemg@ﬁhﬂhﬁ&mm%ﬁd&hnmmma&gw@hhyﬂhamQaquﬂmhes|s gas
product. 25H i

act i rtial o ose_di scl osed
Ao i ea CatF o Bk Rl flonGF e85 SriBln e PR, ' °77 7% 54
consi sting oﬁmehmdmemﬁgamumhgnbypmmﬂoadﬂannmﬂmpcmﬂmkbetmaedmﬂn effect a
catal ytic prt Xi dat i net hane nat ur al
t enper at ur egi glP’ "‘qﬁa:i b Cot%ﬁ%ﬁ:f %‘gﬁ% ‘gd‘?'[)ﬁ'ﬁ@ RGN d&‘%y‘tsliql%ldﬂéé)??@on(g&l dati on

at these2d ovneliqutdeﬁmedseamuroeﬁgemé mdzhmamﬂzﬂ azheygtlslostsin dics bdaos@edfciso gener at e

carbon 30di e.as a ting feed
mat eri al i Sofai.elrme%. frq)ﬁl(% ?rom é)d!’tlfll a(‘)%%dﬁ%&n 0§dllcﬂlljlﬁ %éc%ldmumcu&e dnlltﬁh(?f{ her |
aut o-i gni t i aarboi dlamhcyzdmnqm‘abmemﬂsdni@@d‘(aldartlcularly excessive since the large

volume of carbon dioxide present in the natural gas must be extensively cooled after partial
oxidation as well as the synthesis gas product.

25 Highly active partial oxidation catalysts, e.g. those disclosed in Applied Catalysis
A: General, Volume 292, 18 Septernber 2005, pp. 177-188 consisting of rhodiuvm or
ruthenium on a carrier, may be used to effect a catalytic partial oxidation of methane or
natural gas at lower temperatures, for example, from 350°C 10 700°C. Catalytic partial
oxidation at these lower temperatures with these catalysts is disclosed to generate carbon

30  dioxide as a product, which is undesirable when the starting feed material is already highly
contaminated with carbon dioxide. Further, auto-ignition of a hydrocarboneous feed and
an oxygen containing gas would be cxpected to be quenched by high levels of carbon

dioxide at such low temperatures.



an oxygen containing gas woul d be expected to be quenched by high | evels of
carbon di oxi de at such | ow tenperat ures. Steamreform ng natura

gas to produce synthesis gas is an endotherm c process, unlike parti al

oxi dati on, wpdogog@dir es i nput of heat to drive the reagtir@Rzoehbizes:
significant anmount of carbon dioxide is present in the natural gas, the
heat duty required to produce the synthesis gas is |arge since heat nust be
supplied to heat the carbon dioxide as well as 5the nethane and steam
reactants. Further, the carbon dioxide acts as a diluent, reducing the rate
of the steam ref Gtaamngiomeatiabdd glxyto produte synghetingss isnih enddicingit potest,he nmet hane

and water nol ecul es.. Steam refor.mn l.1 K artial oxidation. involves
Tanifi cant R PP RSrERT A RUE Wl o hEFBR S hEah 0P llinet

t enper at ur e ahonhd capnt hiegdess grasntpn thd ugbraigus, dre heg dity sequiréd t patiicon t o
produce a |igui )Y C )] LGui.d , e to the
0 hi gh ¢ empat S uPLEERRALIRN e b8 L PP P IR R BB a1y
from 700C5t othsm@@@e and steam g tagtsy Ewntlier, ﬂ;@fcalphedwﬁlﬁcfamaﬂ L <_ﬂ19ﬂ€1§3¢fe<b!cmg dgsi ng
natural gas LeNkaRAh oMk ReaERRBORedllifXing BicrkBbRAM M MshdGgRRLEFENT N a
carbon di oxi de contam nated natural gas is generally separated fromthe
hydrocar bon B8lptiiefryn foming Haputigioxyaiongnides ignifradeadingerend 15nat ur al
gas to a |i qukshf mepRdtRldyeirelfs MRituRR e ndonB&sublirs@ct il dagur al  gas
with a liquid chem cal e.?., n am ne, t? nsnnye’ arbon di oxi de, passing
the natural YH&t4oRiGUgHHD i it nea Nigwf Bdkoces o GV E@RE 14t 8 ear bon

di oxi de fip omihempakiwdt vas stcaR bfRATSING: deRedtat-uy@dangasmt/bgrough a
menbrane selective to separate carbon dioxide fromthe natural gas. These
net hods of sHP&rating carbon dioxide froma natural gas are effective for

natural 20gases Q@Rt@LRMbME: dicA) ofrQessti@ $BuRf wa6 B8R AdAKIndBbolTOr €
typically 20 val.%or | ess, but are either inetfective or comercially

prohi bitive FIRdmErRRP ik srept wasabat doudaBAm ek Rl erR el al  gas
\é\hen_ Ij he nat éab[)ﬁiﬁ_e(gﬂ&n the hﬁﬁdﬁﬁaﬂf}ix &aﬁ;@?envwfhmammh}a@s bri&f@q Mfl)éess%gaﬁe car bon

1 OXI de. ro UQtIpn Q.I’lt ral .gas Jom natural . ga | e sco;alnlng
natar ol dhs SEEHETT RSt REi e RS o Bet R0 SE Barhbalr S ke |
general | y nofquitdenicakes atlusint,0o tetmevetiaftbi divkitly, pokingthe dateings thidgh d

Py 0car NS Ml S UL 000 LXNASIALSRd SOMALME By SARGROL A nat ed

wi th such | arge quanti I OXIi ul't
renovi ng cariponmalgisaRiodsh f mahrink eclevatato atpagasahhediopdesente ppwsiph a | ar ge

quantity. "W&%&’&ﬁeﬂwﬁ?H&eﬁ%atﬁlggarﬂﬁ?l&ﬁﬁ?cﬁee \?xg tsa‘{%ﬁ]!mé %%rcfciﬂg&% silhaggyered to

date are contamnated W el rbon di oxi de. erefore,
there is2@ ngseet chrseiniam4byrd Py lest ¢ficeibemndioxidd Merettynialingd btk ardespibuiduce 1 qui d

hydr ocar bons, ofiki e RUSEAGALDAN PINBBRE! B3l LAV @ sdpalibabogas highly
contam nated w th carbon dioxide. ) ) )
dioxide from natural gas when the natural gas is contaminated with at least 50 vol.% of

carbon dioxide.
Production of natural gas from natural gas fields containing natural pas
25  contaminated with at least 50 vol.% carbon dioxide is gencrally not undertaken due 1o the
difficulty of producing liquid hydrocarbons or liquid hydrocarbon oxygenates from natural
gas contaminated with such large quantitics of carbon dioxide and the difficulily of
removing carbon dioxide from the natural gas when present in such a large quantity,
However, some of the largest natural gas fields discovered to date are contaminated with
30 high levels of carbon dioxide. Therefore, there is a need for an energy cfficient, effective
method to produce liquid hydrocarbons or liquid hydrocarbon oxygenates from a natural

gas highly contaminated with carbon dioxide.



U S. Patent No. 6,702,960 provides a process for the catalytic partial

oxi dati on of a hydrocarbonaceous feedstock to produce a synthesis gas. The
hydr ocar bonceous feedstock may be nethane, natural gas, or other sources of
| i ght hydr owarb®nsesi-and optionally may contain up to 6Qcualszd@meason

di oxi de, especially 0.1-40 vol.% carbon 5di oxi de. Although the process
provi des that a hydrocarbonaceous feed containing greater than 50 vol. %
carbon dioxide (e.g. up to 60 vol.%, nay be partially oxidized the partial
oxidation is effected at a tenperature of from 750C to 1400C, which, as
descri bed above, 1.8 Harefid. eﬁemﬁ()@m@r@ﬂ pro@ekd figr ﬁu&t;ﬂl;@ie |pﬂﬁ$ oefdatichedrsal ener gy
in heat tran u heat exchan of materials
speC|f|caIIy§(§%§ P%%gmg&g%ﬂme{ﬁ}?maH“WM%%ﬁﬁ?gef%ﬁvaom%Pg(ﬁ?%s, and is
subject to |ﬁ@ﬂﬁmkmembempkmanmmwlauenbmchwghmkéhgﬁSymmmtwmbam di oxi de
quenching th i , C l,e for
processin g gﬂBHﬁ&gggmgg%?ggfQgPE%Mﬁ%“%hQ(ggtgﬁy?aqoqul "% car bon

di oxi de t eﬁ@@p@lﬁﬂwﬂﬁﬁhqMﬁwﬁﬂ“mwbﬂm@ﬁﬁyépgﬂamﬁﬁﬁﬁf@ﬂOPMQUFQmedrocarbon
oxygenat es f BIs®al u @hofdRxilid @leds, 6 ARtk MY, RipalyekeliRd Al pe@kibon
dioxide. 15 In particular, nore energy efficient processes that are
effective fopmé%ﬁvéﬁﬁﬁﬁﬁﬂaﬁﬁ§®ﬂﬂaw0@5@“88h€éh¥ﬁ§¥eﬁmmhﬁhmaﬁﬂWéd@WC50 vol . %
car bon di oxi de,difidh éﬁé&%tﬁl@ﬁy‘ Sc GRS s dlcﬁutbéﬁp%%nﬂéayuame@ rlzdqu ghobydr ocar bon
or a liquid hydrocarbon oxygenate are desira the I nvention
The present P%@@ﬁ??@%“ﬁ@“ﬁ“&éﬁ?@ﬁ“ﬂﬁmEQ%Y6@€§§mﬂé¥WWéBB¥%¥HH@‘a natural gas

20 cont armnatee@emmtch alid BRuthRVB g fiRfenEHRra8aitiue AMMET bR EhBNAhi:al gas into

a liquid hydroc contalnlng one or nore hydrocarbons or a liquid
hydr ocar bon S%Wé@ ‘E“@@H?ﬁ?nlng one or nore |liquid hydrocarbon oxygenates,
conpri si ng: Improv@l)pr@%isésa@d deFighbR fgqx‘soces@ﬁli@ﬁhlﬁhﬂaggaﬁiaj’nﬁ@fhhﬁﬂd%ihde and

net hane from a re 0|r cont i t.ur al carbon di axi de
conpri ses at 518 sd‘n ?Cﬂﬁ%h‘?%g %?I%@@@H ?ﬁg&§m8§WWNMbm“°’WBMOX|d|zing
t he extract ebydgasbm txlyganteokyiy enurglqias fidldd cograigmg high levéieofpabsedoddof a

parti al 9§'dﬂHhﬂﬁm%a&%k%§§%f%ﬁémﬁﬁ%§§&§}M&Ea%%gn%%&CBR%HHgQQSﬁaﬂgQrOduce an

oxi dati on produ con bon
di oxi de, Me¢@t%ﬂmtqm1@mi et $00-’0b% C@lioylg@nxlfﬂertow11ﬁ681®wgm11b®ntGailmonlg gas to

car bon frpn15?ﬁ ﬂmgkgﬁgﬂpgqg ®MRQ%S§£5§%E qmggmcls | ess than one;

c) utilizing e ‘oxl dat1on pro uce the liquid hydrocarbon
cont ai ni ng obwnmary pihelnkgitiphcar bons or the |iquid hydrocarbon oxygenate

cont ai ni ng one OrTthlre§nhM%19&ﬁ§ Hﬁ%tﬁ@&yﬂﬁ&fa&%mcovcrmg a natural gas
20 contaminated with high levels of CO; and converting the natural gas into a liquid
hydrocarbon containing one or more hydrocarbons or a liquid hydrocarbon oxygenate
comaining one or more liquid hydrocarbon oxygenates, comprising;
a) extracting a gas comprising carbon dioxide and methane from a reservoir
containing natural gas, where carbon dioxide comprises at least 50 vol.% of the extracted
25  gag; and
b) oxidizing the extracted gas with an oxygen containing gas in the presence of a
partial oxidation catalyst at a temperature of less than 600°C to produce an oxidation
product gas containing hydrogen, carbon monoxide, and carbon dioxide, where the molar
ratio of oxygen from the oxygen containing gas to carbon from the hydrocarbons of the
30 cxtracted gas is less than one;
¢) utilizing the oxidation product gas to produce the hiquid hydrocarbon containing
one or more hydrocarbons or the liquid hydrocarbon oxygenate containing one or more

hydrocarbon oxygenaies.



In an enbodi ment, the oxidation product gas is utilized to produce a liquid
hydr ocar bon oxygenate by: a) optionally contacting the oxidation
product gas with steamand a water-gas shift catalyst at a tenperature of
from 200C two40Gsand a pressure of fromO0.1 MPa to 15 ipiyRa00k@duce a
wat er-gas shifted oxi dation product gas; and b) contacting the

oxi dati on product gas or the water-gas shifted oxidation product gas with a
hydr ocar bon oxygenate synthesis catalyst at a tenperature of from 200C to
300C and a pressure of from5 MPa to 15 MPa to produce a hydrocarbon
oxygenat e productin gasnigdinicad, tht Bgdaioh yAIQe gk aniligdygpoaices ide) optional ly
separati ng ope, or . nor 0 hydr ocar bon oxygenate gases fromthe hydrocarbon
oxygenat e pr OGUEE ﬁégWP%’EPBduce a hydrocarbon oxygenat e-enri ched

hydr ocar bon oxygenattengiyedustingihs pxidatidn product gas wittl ptege paraatddtargad shifui d

P O ocar bon AP Gnh AR LT OB 35RRN. PXXARNRLEABE BAUEE. T8 01 LN

ydr ocar bon oxy jehat e rocarbon oxygendt'e product gas. 15 In an
enbodi ment t a hydnrodmrala b@ﬂr—%y@&ﬂhdx&iata@a jmatubigpag land I n anot her

enbodi nment , the i i lzed r qui d
hydrocarbon by q§cgﬁml&ﬂh§&&gr&3“&ﬁ$ dE%ﬁ@ ?mﬁbf%ﬁmﬁggﬁﬁ%? onm%roduct gas
with steam aged “athwaill\/@“pcagms osypeiate S@aihraisysttdiyatai aatemMmafimre%iPCftcr om 200C to
gg?fct g‘gdo)a(‘l 8'%(?]55 %IE(Fa 19 qsul% ofq]lom }MIEZP% lS%sﬂJ'dt hliogl(l:ct(. dillléé)rg(ﬁirbon oxy&claéiie\(l)\ﬁt SII: ;)gﬁit

gas or the mg@émxgmsm&hmﬁgedﬂuxmﬂ@ﬁmg@mgmoduct gas with a Fisher-Tropsch
catal yst gt a te froml MPa
fto 5 MPa ?0 d[}@g&%&ﬁl&ge g%,gé%&l@ogxggrgngtfh)ﬁipoggbap&ygcn&%%§s§u§Sn8 i onal |y
separating o f@ﬁfbﬁib‘i”@gm’@‘ﬁ-lilwlﬂm edr podncgabalodbonptygeatyydidedr bon 25
product gas Ixﬂl:&ﬁx%gny&%g&d@¥ﬁfd9&@£sb8ﬂ enri ched hydrocarbon product gas; and
d) separating |iquid hydrocarbons fromthe hydrocarbon product gas or the
hydr ocar bon- enr i chésanjdgeid hpderagon geenagdom tphirocpbereypinpien of the

Dr awi ngs profilc@gas br ﬂ1§hﬁr&@r@@ﬂﬁ&t&)a@fcn:"i’ch@(}’lﬁldﬁ)@llt)@%xyé@%c Bedwsgd. to

practice the process of the present 30i nvention. Detailed Descrl ption of
t he | nventi oHtan embodiment the hydrocarbon oxygenate 1s methanol.

In another embodiment, the oxidation product gas is utilized to produce a liquid
hydrocarbon by:
a) optionally contacting the oxidation product gas with steam and a water-gas shift
catalyst at a temperature of from 200°C to 400°C and a pressure of from 0.1 MPato 15
20 MPa to produce a water-gas shifted oxidation product pas;

b) contacting the oxidation product gas or the water-gas shifted oxidation product
gas with a Fisher-Tropsch catalyst at a temperature of from 200°C to 400°C and a pressure
of from 1 MPa to 5 MPa to produce & hydrocarbon product gas;

c) optionally separating one or more non-hydrocarbon gases from the hydrocarbon
25 product gas to produce a hydrocarbon-enriched hydrocarbon product gas; and
d) separating liquid hydrocarbons from the hydrocarbon product gas or the
hydrocarbon-enriched hydrocarbon product gas.

Brief Description of the Drawings

Fig. 1 is a schematic of a system that may be used to practice the process of the present
30 invention.

Detailed Description of the Invention

The present invention provides a process for recovering a natural gas from & natural

gas field contaminated with at least 50 vol.% CO, and converting the recovered natural gas



The present invention provides a process for recovering a natural gas from
a natural gas field contam nated with at |east 50 vol.% CO2 and converti ng
the recovered natural gas into a liquid hydrocarbon contai ning one or nore
li quid hydrecan®assior a |iquid hydrocarbon oxygenate cant@izmiohgseene or
nore |iquid hydrocarbon oxygenates. According to the process of the

i nvention, natural gas contam nated with at |east 50 vol.% CO2 is extracted
froma natural gas field and is converted to an oxi dation product gas

i ncludi ng 5synthesis gas by catalytic partial oxidation w thout separating
t he CO2 fronﬁnndflelimuaﬂurﬂ@ba;gmmnmhimgo&ttmlmptd l'fcluidalwirb@kbons@rdaitlindn is effected
at a tenpera tilizn i activity
sufficient t?)ly%(g%d% y O)gzglﬁ&%n‘”? qg?w%' K th(%’% l]Bc%rS%bgllX)g&m %’%s e l?%e nat ur al
gas at such ttteth@maﬂ@wfei}; mvfhamhmgmlIz,&‘wehismmﬁtcct)@zh épﬂ‘ESéﬂt'/Oll%lCDhB

cont am nat ed . Al [ n, or to help
mai nt ai n thee%}ga%tg&e?g?g?%u%?!’%igaﬁugﬁ]z;((%{lﬁg?r&%%%%ggi{agfog? ﬁ)t((:jh%ﬁ?s lﬁa Xi dati on
reaction Bel Swlggoms by paalytedartiel qréfledoo vaawvt@waﬁtﬁlwiheﬂogﬁ@m themepsdigasg t he
C2and synt Ng§i &@RR partist ogula@tl'&n'r's“fi*eét&faﬂa‘ie%;ﬁ LRAUR ResOndd SR EShuliivglb gcar bon
product or a l1quid ﬁ drocar bon oxygenate product. In an enbodrnent, the
resul ting oxiddyst bcrY“}ﬁraéd@jb’ﬂy @Jéfécﬁl%tol%tiﬂmeztb‘ﬁlwml ?ﬂd@é%@ hoydpershros in theher e t he

Cx2 present pfluhngs %hdﬁ@émmt&éqod%ﬁlglg@@mﬁdz picR@t 1%$hc'c@nt£thﬁat@@t hanol
synthesis reaction to increase the rate conversi on of carbon nonoxi de

and hydr ogen"#BrehHst Ranwst 2s apexidiion H‘éﬁﬂ%ﬁ%kﬂ%ﬁt@lv rppEaly e (el osti dat i on

product gas i ckthdrh@@lall @ RFRAAMSRHb Qhtkith Y Qoar baRSeshMngofilisiber Tropsch
synt hesi s reaction. The is easily separated fromthe |iquid hydrocarbon

product or | P’d’ﬁi‘céléaﬁy‘a?l’é‘&‘ﬁtb%ﬁob%9@@H’&%‘%gﬁﬁ’rlbﬂf%‘ft"’ﬁ?ﬂ ‘e BrPdeR &ilidgdt he 1 quid
hydrocar bon py@ebdbn {%ddct @lwlﬁumsgm@&afob@fyg%mg%mteI.perncwlmsd;ma;ndh@epar ating
t he condensate If rom H% nli &81 ? nanal ? Br ocess .of the
present i nvefFHEmR & B‘I’"égo@ftfﬁd%’f’ afy Zefﬁod’ uEq Bihagel Wlim(ﬁ‘h‘i“(’il Ry EeEP bon
products or lthc@ldidﬁhohj{)dfdﬁt&@lsbﬂﬂc@&yg&ﬂﬁhﬁﬁﬂﬁﬁ(ﬂ)d}ﬂﬂicsh fch@ioh Reiharéaad the Ase
contamn

o ocess A5 naLiFar R B et WG B BNEr P AT AUTE AYRPREY Bon

oxygenat es. Fravulomeoxak@giroduttpes 2 bilizod ®gsodofe lignd hpdresehwns inmFghert on i s much
more effici eﬁ‘k&{p&cﬂ g%glqpeaft%pvﬁ%td(? q?‘%amWs%Sa?fﬁéaef?onll fle glﬁilgldn%?lg LOCESS of the

present inven enera arge’ anount énergy in the
producti on oﬁTOQU%WtQM@%@qu@nDWHMOdy@ bly(@smdell*mlglthﬁéf(lf»lﬂd!}féﬁtﬂf@@at exchange

processes. IBrom@oﬂ{qgfa%&m&fm}l &y B @ﬁgﬁl{ucﬁéagg?e?amﬁ{é theRIAER! FondRS 1S

produced as part an oxidation pro roma | ow tenperature
catal yti &0 paﬁppaqmd@wi@c@%l on reaction conducted at |ess 30 than 600C-in part

because the hi gh hgyrk&s 6f thd MR RAIIR SRR pRbdlfofbs GR% are

hydrocarbon products or liquid hydrocarbon oxygenate products from naturaf gas

contaminated with high Ievels of CO, relative to conventional methods for processing
natural gas 1o liquid hydrocarbons or liquid hydrocarbon oxygenates. In one aspect, the

25  process of the present invention i much more efficient than such conventional processes in
that the process of the present invention does not generate large amounts of thermal energy
in the production of a synthesis pas that may be lost in inefficient heat exchange processes.
In the process of the present invention, synthesis gas is produced as part of an oxidation
product gas from a low temperature catalytic partial oxidation reaction conducted at less

30 than 600°C—in part because the high levels of CO, contaminating the natural gas are
wtilized to maintain the temperature of the partial oxidation reaction below 600°C. A
relatively small amount of heat must be removed from the oxidation product gas containing

the synthesis gas prior to reacting the oxidation product gas to produce a liquid



utilized to maintain the tenperature of the partial oxidation reaction
bel ow 600C. A relatively small anmount of heat nust be renoved fromthe
oxi dation product gas containing the synthesis gas prior to reacting the

oxi dation pypeduelis@as to produce a liquid hydrocarbon pprragduabesesa |iquid
hydr ocar bon oxygenate product-typically at nost 300C. As a result, little

thermal energy is lost in heat exchange processes relative to conventional
nmet hods for processing natural gas into liquid hydrocarbons or liquid
hydr ocar bon oxygenates, 5The relative energy efficiency of the process of

the present lh?(M@ﬂEHo@BroE&EMatlﬁluﬁim%irﬁcﬁﬂﬁﬂef}ﬁeaﬁfc ;ﬁﬂhum}pxgaﬁdtfnﬁc@mmat ural gas
fields contamnated with No is required to

separate CORFPSHTIE: I’f&“"ﬁ‘&f‘ﬂﬁl a*ver&aa§ ﬁr“? *aﬁﬁt ‘?‘6“af’%frﬂ‘i‘?cﬁij%delé'ii’ﬁt“h‘é‘é”"é‘“&&% fromthe

natural gas, nR0ddsfoerédgmgahuenas gyo effdlgieaeionod: lighia hpireesss | imts energy
| osses suffici entl to make recovery of the CO2 contam nated natural gas
commerci al | y FES& D1 e. 10The rel ative energy efficiency of the process of
t he presernt |nven3thcmlatah sergyeffdens qfﬁm(puecsyothe paturialentyapeiiiomenat ural  gas

fields cont arcco gn\%}apgagk m%{f\ﬁltal gagﬁ%}gs con %tea?wﬁ'l?gd ﬁ‘?j’o (LH%EQ&S' equi pment

and naterial 5 8t ar ors- an i zéd that are
fornmed of st adaerg lmarqdad spadHpadl %ormfhcmtmhlsgaanmrrmgﬁ)trern@emthamegisof up to

600C i nst ead g9f, ﬁ?e‘?ﬁ&la@uszﬁﬁ tmteﬁm;@#, %ﬁ%&@mflscq)lwcsshxﬁﬁ@&s%rgﬁssxﬁh' gh

tenperature 15catalytic partial oxidation reactions, partial oxldation
reactions, ofuftigalnioptksrepyig ¢t caramigpe] nagyal Bé&@mé‘?@ﬁﬁh&é“'éw pnent

may al so 1@9 uti | igeehisieb aleloy@ricRnd}RRiheSrR 8 BORe ﬁ@ééhtﬁﬁ%nﬂionrdﬁ;@l%nﬁég for very
hi gh tenperature processes, which'is inportant when the process is

i npl enent ed feﬁ‘)%fyrcgﬁi‘it‘réi 3%%%&1.‘11@%&&* 8?1¢%q?atﬁ1@*=mtﬂ%‘~ﬁ%@deaﬁe‘fpéw Ghen two or

mor e el ement gragicql fdﬁﬁ@ret;m@dclasnd m@raatsiawomt 206860 mtdqdipmaﬁ maQper atively
coupl ed", the elcfment S arcg ge i n tq be €c}{\?lrect i ndi rectl ¥Fconnect ed.

In the conteXt#s¢ Mg fam ?;I“flﬁd?’r H&tcaaif & ‘b%{t“ﬂth ?ﬂd% IGUETBIS LR Qui d, t he

term operati a@i@;.&s&&mﬁ"@b@dh@ﬁ nfRE kR HdsL8Edto GALNa Serly lﬂiéh%ﬁﬂpe&uﬁd’lat t he
desi gnat e el eage re connect ed direct i.ndi rect| Feé H];éer mt fluid or

gas flow!Bet & H‘Ctpﬁ%’ é%"lé’ﬁ‘é‘%’ft"%“c"“r“ﬁ Pefa! OX“Jf‘y"“ch‘f?{“&toré‘Fa“é s for
gener ati ng ardéions. Sangeien@xdhiee hqiigkdnymay 4@ bt atilived pdtiad towedt yxchange

equipment required for very high temperature processes, which is important when the
process is implemented in a remote location or offshore.

As used herein, when two or more clements are described as "operatively

20 connected” or "operatively coupled", the clements are defined to be directly or indirectly
connected. In the context of elements defining a flow path for a gas or a liquid, the term
operatively connected or operatively coupled indicates that the designated elements are
connected directly or indirectly to permit fluid or gas flow between the clements. In the
context of elements for generating and/or conswming electricity, the ferm operatively

25  connected or operatively coupled indicates that the designated elements are electrically
connected either directly or indirectly.

As used herein, the term "natural gas” is defined as a gas containing one or more
hydrocarbons that may contain additional non-hydrocarbon components including carbon
dioxide, carbon monoxide, nitrogen, and hydrogen sulfide.

30 Referring now to Fig. 1, which shows a system uscful for practicing a process of
the present invention, a process in accordance with the present invention will be described.
Initially, a natural gas comprising methane and carbon dioxide is extracted from a natural

gas reservoir 1, where the extracted gas contains at least 50 vol.% carbon dioxide. The



25connected or operatively coupled indicates that the designated el enents
are electrically connected either directly or indirectly. As used
herein, the term"natural gas" is defined as a gas contai ning one or nore
hydr ocar bongotZo@ti«e¥gy contai n addi ti onal non-hydr ocar berTaRB@RONSEE?S

i ncl udi ng carbon di oxi de, carbon nonoxi de, nitrogen, and hydrogen sulfi de.
30Referring nowto Fig. 1, which shows a systemuseful for practicing a
process of the present invention, a process in accordance with the present
invention will be described. Initially, a natural gas conprising nethane
and car bon dinawialgs rescresiit I ragt @okaihmammal patemmpising asthiesed sadion dbxideher e t he
(ra)égre?%?? ga3 hg] qitc%%;ggn (ii 0x1(!leec%‘l§¢)ml%o&t\{c%t 5(()){0\’81@):) QP g?\ls Qltlg)e)Sﬁgl?al g;m(%cl vg'" ?E)ur al gas
di oxi de, mhenenuhwummmb@WMM&mxmdﬁmmgnpﬁmme@dammm@agwcﬁmmvﬁkcw&@f gas in the
natural gas GESE Vs iesPla bRV Ak HualAL MR e8RS GUPLAGL 16 oot hane
and carbon di oxI de where e car I OXI e conprises |ess than §0 vol . % of
t he natur &l gaslctpdmfr@m@Cﬁ@g@w\?bi:crmmmeswulteasw{?ewé‘%tcwmg@gmgeﬂﬂw g¥ted fromthe

reservoir 1 conppeh 65 1RhatRRSK raGvool m3 kPRl diexidte coTb&mgw extract ed
fromthe natural (éggas reservoir 1 may be extracted accord g}Pto conventi onal

met hods for @%tPddp sifectingaess fiepmnaluphens rapvghdn rﬂé%Wm“ gaspRY
enbodi ment, bhaugasd ﬂi@ymbedt@fxzt;,dafét@\dmflrsgrmmhga Pablr @l wgasinlaseraeilr 1 by

drllllnganatural s wel | Into the natural gas reser nd
extracting tﬁ@lf@*&@ov? ?a’m %"H%““ﬁ%ﬁlﬁfo’ﬁ froguthe patil g3y ‘iﬂr‘fflr?ﬂm I"Pct"ﬁ’él%mll

10Conventiponal n‘&‘,td’l@éillﬁoxfaoﬁwtaﬁs If(&fdkbﬁkgl}ga@ﬂlﬁ(ﬁlﬁh biopaofrom a g@sraf gds)rmavdmat ural gas

reservoir m may Ee gl({g ﬁ%# t% aﬂ én (?x I Z i()l[]] oﬂl eﬁ %tb ?rar%tﬂle reservmrtl hiel %dlﬂ]ule aalqizmgal din

reservoir!, acturing nay
extraction oﬁnldtfhaetug@mwlanmdheamascanmn oflthe @héomelsewxymr 11Tmay be aci di zed

by i nj ecti ng, a0, A7 dy, dRGR! Ly INAE QEDL O] GuRGh Brocli M Qchifuofser voi 1

t hrough t he I SSO FOns 0 e reservoir 1 to
i ncrease f | owserddir thfougjethe weit i)tOdﬁ@bl‘tehwU@gwvaélwéb Fes@voihie incesgssriioni r | may be

fracturedst Oﬁﬁgﬁ&t&mtﬁagﬁh\s%ﬁ af @ﬁm&e&m :fn% bk ﬂ%ﬁ@%@p&aﬁe Jeéewefnby

|nject|nga ressur ast roug t he wel into the
reservoir fonn@fon|ﬁg"hncma@=§§9ﬁrf@“fhyuwect@gd@l@bpmsmelﬂz@dﬂ Eﬁﬁhfﬁ‘?i{)&é'ﬂwqung may be

wat er or, I N3 ahtPhefeSdri @, e agdh PR&re 1R PR (BN 8l GractMiGS BaytR §raeRr bon
dioxide is provided froma by-product streamof the process of the present

i nvention, ag> Begvirdgmbeligit cogrhdoyds vase ﬂlaé%rléﬂi‘ dr‘?"&?h“tﬂﬁ‘é"“?‘r‘&t ¥fal  gas

reservoir whby- QIQMCaétﬂdlﬂﬁfihl@-ﬁl@Cthﬁ@@tﬂuﬁl’biﬁ%hd@d%mﬂﬁeib\he carbon di oxi de
corrprlses at least 50 vol.9%.of the e>§tracted a}ﬁ an € (a Erent, t he

car bon di*Bxi de ngr&‘eéﬁﬁb?”‘lc?é g thegiglral g#5 TeiGIv oy ?O"Wﬁ'ﬁ’ée PRRITEHUbl . % or at
| east 65 vol ditgidQwhat theeabdn cﬁ&nmbm%lscom latt shealsh offthe mlact%gmrlnah | east 80

vol . % of the xtrac extract ed .,al SO C ther
conpounds, f&F 08)?5’“ ﬁ’@cgg‘ﬁldl X rSumﬁdtlg'g’%r?e?’)?yé’b%t“é{}mn“ lo(g\j}lvr?%) “eCul ar

wei ght hydr ogtdeakaia vg!a;s,es aldtdet) ohZnorrekdsaifevol.%, or at least 80 vol.% of the

extracted gas. The extracted gas may also contain other compounds, for example, the

25  extracted gas may contain low molecular weight hydrocarbon gases other than methane
such as ethane, propane, and butane, and may also contain gaseous sulfur containing
compounds, for example, hydrogen sulfide.

The extracted gas forms a feedstock for a process for converting hydrocarbons,

particularly methane, in the extracted gas to one or more liquid hydrocarbons and/or one or

30 more liguid hydrocarbon oxygenates. The process includes the steps of catalytically
partially oxidizing the extracted gas to form an oxidation product gas containing synthesis

gas, and subsequently, utilizing the oxidation product gas, or a derivative thereof, as a



such as et hane, propane, and butane, and may al so contain gaseous sul fur
cont ai ni ng conpounds, for exanple, hydrogen sulfide. The extracted gas
forms a feedstock for a process for converting hydrocarbons, particularly
met hane, i ngwbhewaxiziacted gas to one or nore |iquid hydiegaashongseand/ or one
or 30nore |iquid hydrocarbon oxygenates. The process includes the steps of
catalytically partially oxidizing the extracted gas to form an oxi dation
product gas contai ning synthesis gas, and subsequently, utilizing the

oxi dation product gas, or a derivative thereof, as a feedstock for

produci ng a Ft}éﬁht@ﬁ&ﬂ PRoupde hat£bdloxkeiidsrataiibaroanfl sibkgaatent | y
condensing th y ﬁ ar %on ox na‘e_gr.q% r farbog to a liquid.

Aft er extracf?gﬁgmg & e W?g?P EYRL 9 YGARPIRIEd WS processi ng equi prent
effective to conduhﬁcmMaumnbﬁaa&ﬁ@m¥ihﬂdhﬂménnumm&u@mqﬂmn@mﬁﬁﬂﬁwnmt line 5
\?\2?' Vgl :/ﬁt (7) { ué?ﬁm??o%gﬁ E)Hh %9@%&1 In En?c?mgoldi mo 11’10 411%(1 %ﬁ%’({ ’?l%%}?ﬁl?@tllg(gﬂﬁtggr glr:nl E)::le
to being éat acmyml tbeaflgwolplar axjradtddyrasofkéng ihe edll 3 Tmrethemtomsct ed gas may be
conditioned for ¢ I ncl udi ng
1) depressur|2|ngﬁ£ghx%%ggpﬁﬁ%b@hggégggkh&qoR%ggﬂﬁg%%gg§$gm§t rhfron1the
extract ed gadhc afispiasizagmanEapidigpnehior evalyiserte ogiationPhenopnanast semr e st eps

nmay be 10 C%fuﬁ‘iﬁaﬁ'@}&ﬁ’acIstdﬁ{gOY)ltﬁiﬁm%ﬁlﬁddm&ct&i%ﬂéjtbtrdn%b Agneforh iR extracted gas
for catalytic partial oxidation, for exanple, the extracted gas may be

desulfurlzedcﬂ%P%%%“ﬂwdﬁb9§&§W%B@eﬂﬁw%ﬁé%dFHﬁFFShmﬁWﬁ%Pﬁﬁ@*%r nore heating

steps. The exddidfkRdo GasidddptimatbpdiGarilgyor bR eﬂtac@d g@lf@tcmu@wpamagh pressure
si nce natural %1 xtracﬁ g fron1 nat ur al 8? Servoir generally a
relatively hPgfripe %@fﬁ?’é‘"g ?cx*f%“’ BT RGBT HHER ““’P%‘é”’é%%‘f?‘%{’ t'td gas may
have a pr essusoadimtiol wiolhonk oMriarctheatid@sthfBa. |1 n an enbodi nent, the extracted
gas may have a pressure n a preferred

pressure range in WHHE mn%%fwfg%¥ﬂpﬁ%€1a%%“$k§ﬁ%”%?'“cmmm“ﬁ“?L%“present
i nventi on ar exteandiot edaturslcga$ m@uvouthegqnereli,}s&mbu@ly ltighepresxtre gest bchngas need not

be adj ustigd BLEQndf il SRH0Y r's %\Fe e %% S%ond FMﬁdfo%%%ldo% f O catalytic
8 n an e F %

parti al OXIdat I on. he extract ed e at very
hi gh pressur émwfiéwﬂéidlcrem@lg%mmh@m presser efdiom 51MP¢®r15é4<B§n’ﬂ1ll® Isa pressure

at or above %th/ﬁ’ refePied [?Jcss% reﬁxB@M%vhﬁ HMD taaf ﬁ;m{%pﬂp&%%c@ss %f“ th@{n‘éger hy/ hi gh

pressure extracted gas nmy be reduced pressure nore su
treatment i niveEopEeRgyctesk s the ﬂiemmq cé‘ rtiwwt!@s@s antdiepgnot breadinstieq mmr g h
pressure ext {Aaedi8d 1d%udcRdPaSEh RCHQLK RISV Epallal Hidatign.cat al ytical Iy
partiall % oxi di z III? gn {Err?beodl?n)é}nr t%g Ea)g}gtcted gas may be at very high pressure when extracted
from the reservoir 1, for example, a pressure at or above 20 MPa, or at or above 15 MPa.
The pressure of a very high pressure extracted gas may be reduced to a pressure more
suitable for treatment in the process of the invention by expanding the very high pressure
extracted gas to a selected pressure prior to catalytically partially oxidizing the extracted
25 gas. Inan embodiment, an extracted gas having a pressure above 15 MPa may be
expanded to a pressure of from 1 MPa to 15 MPa, or to a pressure of from 5 MPa to 15
MPa, or to a pressure of10 MPa.
A very high pressure extracted gas may be expanded by feeding the very high
pressure extracted gas from line 5 through an expander 6, where the extracted gas may
30 undergo a limited cxpansion to a pressure suitable for treatment of the extracted gas in the
present process as described above. Energy may be produced by the limited expansion of a
high pressure extracted gas through the expander 6, and the energy may be utilized to drive

a unit 8 for separating oxygen from air, or, alternatively, may be captured as clectricity.



25 gas. In an enbodi nent, an extracted gas having a pressure above 15 MPa
may be expanded to a pressure of from1l MPa to 15 MPa, or to a pressure of
from5 MPa to 15 MPa, or to a pressure of 10 MPa. A very high pressure

extracted gas 4wyisbPg7 expanded by feeding the very high piessiRsRyt ract ed
gas fromline 5 through an expander 6, where the extracted gas may 30

undergo a |imted expansion to a pressure suitable for treatnent of the
extracted gas in the present process as descri bed above. Energy may be
produced by the limted expansion of a high pressure extracted gas through
t he expander 6, amdnthbodaner, Meﬂm&eﬁﬁ@cttﬁéak il&&@l@@@ﬂiﬁiilﬂlﬁfr@n UMt t814 or
separating o [nati
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extract ed 59 asxineded 6 m@r ozb@mﬂhfdbc tivholadfiona e @y@ptarfdewmctipm tw penpodithent, the
Sexpander 6 nmmyRRtionally be excluded fromthe system for pract|C|ng t he
process of the invention. In another enbodinent, the extracted gas may have
a significantly viasiehs embpdisast i oxisied saseeny hpvedsisniisandly viiifblcext r act ed gas
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bel ow a very hlg ﬁ%pssure roml MPa to 15 For 10exanpl e, the

extracted ga§‘ﬁﬁ}5 Géo&PW@P$b%PﬁHVSW§§§dW@m%h%ﬁfFﬁbiMB%mﬂéhﬁﬁrFﬂalIy
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boconmee: deul Gt EeRg i rpRof Dbl e S eet hladl i De S Py e
expanded t o anay S8l s@pifieshtipbes sitie @s thbhesertdie press ué;ﬁ:talfoft,dme hetkisr acted gas i s
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pressure gf Ttiﬂ‘%mg}&cg g& L, §>§ulje gelé{\ﬁwe h%f‘ éleQ‘a}é’eYn%m u%nﬂ&lhrﬁéﬁ acted gas may

be shunted aroun expa to av Xpansi on o e extracted gas
when t he presxftieied gifs naly ée ted threish evicxgpamief @Wb@ltMl‘asmwfyhﬂrﬂxgwtqﬂrgws ure.

very high, however, the extracted gas may be shunted around the expander 6 to avoid
expansion of the extracted gas when the pressure of the extracted gas is below a very high
pressure.

20 In an embodiment of the process of the present invention, the extracted gas may be
desulfurized to inhibit sulfur-induced deactivation of the catalyst utilized to catalyze partial
oxidation of the extracted gas. The extracted gas may be desulfurized in one or more
separate steps prior to catalytic partial oxidation of the extracted gas, depending on the
level of sulfur m extracted gas,

25 In an embodiment, the extracted gas may contain high levels, e.g. greater than 1
vol.%, of sulfur containing gas compounds such as hydrogen sulfide. In the process of the
invention, the extracted gas containing high levels of sulfur containing gas compounds may
be treated to reduce or eliminate such sulfur containing compounds from the extracted gas
prior to catalytically partially oxidizing the extracted gas. An extracted gas containing at

30 least 1 vol.% of sulfur containing gas compounds may be treated to reduce or eliminate
such sulfur containing compounds by scrubbing the extracted gas with & sulfur scrubbing

solution in a scrubber 9.



20l n an enbodi nrent of the process of the present invention, the extracted
gas may be desul furized to inhibit sulfur-induced deactivation of the
catalyst utilized to catalyze partial oxidation of the extracted gas. The
extracted gas fyisbgrdesul furized in one or nore separ ager/sd26PHiREI Or tO
catal ytic partial oxidation of the extracted gas, depending on the |evel of
sulfur in extracted gas. 25In an enbodi nent, the extracted gas may contain
high levels, e.g. greater than 1 vol.% of sulfur containing gas conpounds
such as hydrogen sulfide. In the process of the invention, the extracted
gas contai ni ng hi ghn bﬁﬂ(&iirﬁemfﬂm&u}ﬁﬁruﬁulﬂﬁl@tsﬁiuﬁélﬂgdtgﬁxﬁn@ﬁlmpﬁ)dﬂ&dlﬁbd’fa)ﬁ be
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be passed through% he am ne scrub 9 to contact a liquid containing an
ani ne effect W&o reduce or eli m nate sul fur containing gas conpounds in

the extracted gaspasdihgdhd Q@ra&ﬁ'ﬁaﬁiilfﬁuﬁmalﬁdﬂlﬁ&%mﬁfﬂ9%&M@r6a% thedups sul fur 5
cont ai ni ng gas conpounds fromthe extracted gas E selected fromthe

group consi stRYC GIHAIR FERRILAT RaD cHie. W‘E}’cfefj‘i‘f"éﬁ&c SNty @ hanol ani ne,
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Fur t her nor e, upceskaay, prboess votdiche grlesehon tﬂlmx@m)utgm of ﬁae@bum:md)gmof t he
car bon di ng' % %ch@%;ablgf lntdn%r&‘t‘t?ﬁxﬁ&?tdqaulg?&t%lﬁn IN&GEESR ag'rb\é sel t@Xt ensi ve

reducti on of the car di oxi de cont’ent’ o xtracte may be
undesi r abl e. Preferentaldiypdgs prechiminatg %ulﬁqawrﬂaiwmompﬁwwgﬁ@znﬂ&ww@teﬁw be sel ect ed
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18l

t he extract edxae, mr:@jvid@ MEne %’tllﬁw oiidhenaf vy sHBuneayIREY 82588 Ri gher
affinity for usukfditcde@Nhal il ABoPAS[s. I N the extracted gas than for carbon

di oxi de. . ,

20 In another embodiment, the extracted gas may contain low levels, e.g. at most |
vol.%, of sulfur containing gas compounds. In this embodiment, the extracted gas need not
be passed through a scrubber 9 to reduce sulfur containing compounds, and a scrubber 9 is
preferably not utilized in the process to avoid extra process steps and the utilization of
extra processing equipment and treatment. In an embediment, when the extracted gas

25  contains at most 1 vol.% of sulfur containing compounds, the scrubber 9 may optionally be
excluded from the system for practicing the process of the invention. In another
embodiment when the extracted gas confaing at most 1 vol.% of sulfur containing
compounds, a scrubber 9 may be present in the system, but in the process the extracted gas
may be shunted around the scrubber 9,

30 In the process of the present invention, the extracted gas may also be desulfurized
in a desulfurizer 15 by contact with a solid sulfur adsorbing material, preferably disposed
in a guard bed in the desulfurizer, In the process, the extracted gas is preferably

desulfurized by contact with a guard bed of sulfur adsorbing material when the extracted
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201 n anot her enbodi nent, the extracted gas may contain low |l evels, e.g. at
nost | vol.% of sulfur containing gas conpounds. In this enbodi nent, the
extracted gas need not be passed through a scrubber 9 to reduce sul fur

cont ai ni ng GepAIsksy and a scrubber 9 is preferably nolewddbdopeddsd N the
process to avoid extra process steps and the utilization of extra

processi ng equi pnent and treatnent. In an enbodi nent, when the extracted
gas 25contains at nost 1 vol.% of sulfur containing conpounds, the scrubber
9 may optionally be excluded fromthe systemfor practicing the process of

the inventi ongs dontaamtuh@was%mmdli dasmaﬁun\gda@ﬂpauh@ @ghﬁﬂ&t Edol%%nd:ﬁl%ai ns at

nost | vol . % of %wmr contg(; ﬁl Qunds, a scrub %/%!be present in
the system By 3RO IoReésofs 3“89(‘ IYRG LYY rfﬁﬁ“ﬁ‘@b"éjﬁ’lﬁq round t he
scrubber 9. 3@k bihke iﬁﬁ@ﬁ&tﬁﬂm@f{trd&h&gﬂmeﬁﬂﬁﬁﬂ hﬂame%l%mfsunfha:oemmrngct ed gas
may al so be desul f uriz cont a ~solid

oul t or *adsor Soe i i oo Bl AT St B SN Ry kb e

desul furi Zer gad W:t}tzkmaqﬁﬁ)atﬁsslfurmﬁrerbe»gwmmbdthgds%ulfw:zp:rléf éralbt wyr desul furi zed
by contact Wehodngliatd. R8s of Sﬂwewae%dg&@gopmﬂgmg%&aﬁig'1%1 oMeQune extracted

gas contains Far Cont aini n st 1
vol . % and noreaipnedearabidy, ﬂaatexwmd £as Imdy\mlbw%b%fn squblfer? 100@)Chlﬁlmul}ﬁlhg

compounds. | g,@fnif mo%on%e&ﬂﬁ s%%?&%@fu%mg e sdr@%@(ﬂ@x’tn@&ed éabgy extract ed
gas contains at nost % of sulfur containin npounds, the only

desul f uri zat icojfecs w2 ti%léép fupadsprbing pgicedan ¢ ‘%“@Wﬁtrgé’e“ SOPC PHE 1Rk r act ed 5gas

wth a gu@rdi)g)@gsgjb‘,&luénftwsc,@gﬁ@tpé Qedi@igeial in the desulfitrizer 15. In
anot her enbodi nent, for exanple when the extracted as C??Fg?f%l ns nore than 1

vol . % of sul fur CBP&uEPfﬂﬁaWQIQf&ﬁﬁbtmﬁt&%ga%bﬁém&w%w& gHlr & scrubbed in
scrubber 9 t enalcgialuss bsud.anfdudtemmtcamhmamlrm@smﬂﬁzafueﬂa heweds oy a step of

desul furizin e. scrubbed extracted ga contact. Wt solid sul fur

Bsor bi g dEHTI g e G T BBt A SR 8 SpHTRLITER THE PGB Jess

subsequent t@olﬁiaireuhbimgo;t;hﬂeseki‘sma&hmdcigmswmabie materiDaba hétugsiazairon of t he
r. adsorbin may be

extract eglsgaaﬁlls% %C,? tﬁ) éifisorb 1u1fl(]f% Il Su rl cfolli'tdm%l'g compnqa g tln??oni’d](:t%w

conduct e esul furi zatron eri a
desul furi zi ngpa@aslas the hettactad gas commeeted it e astaidl.abick sulfunadaerbepbodi nent  of

the process H‘rﬂ%n%lglmpmgﬁ&% {Jté;nlle%gst a}h&ﬂdl% ; e?l]g c'o efoG @ ﬁlnﬁlol(Mc @Na' I abl e

material that acts as _ adsor Ive to adsorb sulfur from
sul fur cont aimterg Of:@npn@mdgmdﬁa@tm@blmté@tlppﬁlhleclﬁtrh%ém ahd megnesien exdy act ed gas

|5 contact ed uy fiflf AeicTRd S BliugeTGtboR Wl Bitder RASES SPuthIRSRA] lufniray [ ncl ude

active metals 1 ncluding zinc oxid copper oxide, alum num oxide, a m xture
of copperdzi ﬁ’@%i&id@!ésorméefﬁ?%iﬂ’yé’xdes copper - ni ckel oxi des, and magnesi um

oxi de, and ni ckel TRk EEuRALLT 1cﬂcﬁ§]b%§ﬂﬁiu&ec§dﬂﬁﬂﬁ{pbraﬁf*c al@bvﬂﬂﬁv‘ fulfopiimd of
alumna, sil Iblﬁ ur (:()afllia%nnl]agnc%;npépnﬁs adlséifl?'s to the S(?indj d%sulf?nr 1za(t)1;[)n ;%eritcx 1@?Lut%glgv?r ray oxi des.
temperature at which sulfur adsorbed to the material is desorbed from the material. In an
embodiment, the extracted gas may be contacted with a solid desulfurization material in the
25 desulfurizer 15 at a temperature of from 100°C to 350°C, more preferably at a temperature
of from 150°C to 300°C.
The extracted gas may be heated to a temperature effective to induce the partial
oxidation of the extracted gas in the catalyst partial oxidation reactor. In an embodiment,
the extracted gas may be heated in one or more heating elements prior to being fed to the
30 catalytic partial oxidation reactor 13. More than one heating element may be used in the
process of the invention to raise the temperature of the cxtracted gas to a selected
temperature 1) to provide sufficient heating to raise the temperature of the extracted gas to

the selected temperature, and/or 2) to permit other steps of the process, for example
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The desul furization is preferably conducted at a tenperature at which

sul fur in the sul fur containing conpounds adsorbs to the solid

desul furization nmaterial but below a tenperature at which sul fur adsorbed
to the mat egierdood/Godesorbcd fromthe material. I n an eneghdiepladghe
extracted gas may be contacted with a solid desul furization material in the
25desul furizer 15 at a tenperature of from 100C to 350C, nore preferably at
a tenperature of fromI150C to 300C. The extracted gas may be heated
to a tenperature effective to induce the partial oxidation of the extracted
gas in the cat@lyysdespRifitdtian, (X BaétbORtwentt Keps olfnma.ny RiAbRCtheBiMacted he

extracted gas re he ments.prior to being
Fod to. the agtup iy BEhs ot S Fdioe BR el bt ey NOFEe T B Ene. heat i ng
el ement may bemusted in the process of the invention to raise the

tenperature of t hﬁl(ﬁ%%ttmc?eﬁtgae&q ﬂ:atseg (9 tgng?anugat o? d?oﬁ%ggllﬁgy nft‘ml) to provide

sufficient heating tor dgastothe
sel ect ed tSenpesmtatmeqf teerdirated 2)s wlmnp@nlmetd vothhe pxygtie@stapingtgheinpicocess, for

exanpl e cat gyt ;G ﬂs@w idatbd i%écﬁdd 99 taé)plps%m%fofae t%homf&ﬁw%l}sb& & eps of

initially heating the extracted gas In firs eatin enment
beating the éxtﬁﬂ’&éﬁ@dndqégP%fhd”elwldg%ﬁé]w@ﬂbm%%‘%ﬁl ng@PfeW@i* T’me ext ract ed

gas is heateguh9 1ﬁ10ntt&rﬂﬁﬁfu"f’é HHR RracRl gﬁsbﬂiéﬁ cdtn@WiBwh 8XVgbl-Qheitemper at ur e
of the extract edg when conbi ned wi th an oxygen containing gas i1n the

catal ytic parf la@fg lssst et drpendeaterghe aegvitipf thegarbiploxidiion caiplyst hliet i al

oxi dat i onjocab@kidskide@ntrBortd fiRGhS%e 8 aSnpIRMird abBdst 2080, Yre@X vl Z@dyi N the
catalytic partial oxidation reactor 13. The auto- ignition tenperature of

t he extract ed?¢asandirericppsiniaadesiitien OBRC ot yse e domtbifithgr gawsi s, at | east
|0 part, depanseniqny bEAsL KLY 18h 2608 PR LAWY salbApgat gt yst in the

10partial oxidation reactor 13, and nay tenperature of at |east 200C,
preferably atom@i8iC 8OHCC, amigmi290°% tt)é@ﬁi@r htaJrCETbefflmPléShc ehregicd@BOOy or may be

at nost 500C &?Jagrano e eréerQfora@g?ﬁ?% Q&@Bgt e@(ggﬁo&a‘t 55(%‘ 00C to

| ess than 60 a tenperature rom rom OCto
400C. I n &n dnhaddiwent00°Clve cehtngact leat withighamydalien thebtiads foonal yenper at ure of

from 200C to 220C to 550C, or 15 from 200C to 400C
by exchange o%t%w?ca{)tdﬂ%{]? J%F?{Mf?heecxl&%cmd ? product gas formed by catal ytic

partial oxidati on lof prefrgedsntbodictcaih! Qawoccsq of the invetign, greditemg eldmenbodi ment  of
the process gife Hkf! %%dh%glgt g@ﬂ:xtrzié'?c% HERLY lﬁ%eﬁécﬁ% Bl il &ill%ﬁ@ér 1?%? hangers. The

extracted ga I'n a f1rst” heat exchan ina first
heat exchangéis heaa%dhdag@éwm seat ek etbarger 7,701 9 pm fegldp thetatdytced to t he

cat al yti ¢p20pafikiioRaafn -Sabi &N PF&@%I)P heal Bom Alc@h @1y AP a1 BE&iof baM t he
catalytic partial oxidation of
extracted gas is used to heat the cxtrdctcd gas by feeding the oxidation product pas from

the catalytic partial oxidation rcactor 13 through the first heat exchanger 11, and optionally
through a second heat exchanger 17 if a second heat exchanger 17 is utilized, to heat the
extracted gas prior to catalytically partially oxidizing the extracted gas. The catalytic

25  partial oxidation reactor may be operatively connected in gaseous communication with the
first heat exchanger 11 through line 19 and may be operatively connected in gaseous
communication with the second heat exchanger 17 through lines 19 21 | where valves 23,
25, and 27 control the flow of the oxidation product gas to the first and second heat
exchangers 11 and 17, In an embodiment, valves 23, 25, and 27 may be automatically

30  controlled in response to temperature measurements made of the extracted gas exiting the
first heat exchanger 11, and/or of the extracted gas exiting the second heat exchanger 17,
and/or of the oxidation product gas entering or exiting the catalytic partial oxidation reactor

13 so that the temperature of the extracted gas and/or the oxidation product gas may be
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extracted gas is used to heat the extracted gas by feeding the oxidation
product gas fromthe catalytic partial oxidation reactor 13 through the
first heat exchanger!!, and optionally through a second heat exchanger 17
i f a secondywbeadsigasehanger 17 is utilized, to heat the pexigsagbegdsgas prior
to catalytically partially oxidizing the extracted gas. The catal ytic
25partial oxidation reactor nay be operatively connected in gaseous
comuni cation with the first heat exchanger!! through line 19 and may be
operatively connected in gaseous comuni cation with the second heat
exchanger 17 nfahua@isg b a selo@&l 1881, AdptionaMehe levairdfeabld 3he cdbactednes oy eont rol  t he

117800 17, 1 R LB el et o Desptoonh np R0l b i oal 1y 30

control | ed i passiegpensterolgh thefpeadtopti@aieasul dearkdangdec bdft thhe extract ed
gas exiting Eﬁ%ce&é st heat exchanger!!, and/or of the extracted gas exiting
the second héat %anger 17, and/or of the oxidation product gas entering
or exiting the cdhat ynbodmpafr the edttractd grariap be hea@d toor terPratge phiatm t19eC

t enmper f"‘t ur e ?ffiib‘qg m t’(? go 3%8‘%@ a(ii'/rb?fufdf excha(l)l)é% ? xe%mlﬁ dcliligtalnglas may be

mai nt ai ned a Petted™ eve 55" preferably. ot he
extract ed gaScamwith bmxm:aif dd okidatioh erotlnat gds fh;eahc @nedyhia pg eyl odilaticamelctopt | onal |y

in a second i ) £ and
opt 1 onal Ty sranyEfaRnaEte flec o RPRRLAMLPLEAT A BRI Ry Ll dhBliss 31
enbodi nent, ther aétwtmlagltlwc geesveniay Plyecshdens gbe poaciedisenpeyr bethgrted ol from 1 00C

to 350G ,@r {d @E&é%%fhf?m%?@g h'i‘o lﬁn Lﬁﬁrﬁ&udhﬁ%ﬁ)ﬂ@x&tﬁ% gi% c]wtﬁvssrPF‘?ﬁ?rab' y by

exchangi ng heat wth a port I oh gas tfromt
catal ytic paﬁqcvlyjlhedw@amgeow prefablyby @thimnﬁée?qM@th@ll?yl'th!equtﬂh?ethlﬂmect ly after

heat i ng the %EJC@E’J&%mQEBSCd{aI}tIE F‘c@tljibflﬁiﬁopﬁg&oﬁ)ﬁ(:hanger 11 or after one or

nore i ntervening process steps, the extracted aas may be heated to a 10
tenperature of f rsmog geve $horose BrURoTnEeDs icnEnding. @*“@{‘JG{DB ¢l heatipeih800C t o 550C

in a second B@@&m@g@@h@pgueéooéh?mm@foqa‘r@m@mpummeo@&mﬁ@grmgc@@a&dgMdﬂ a portion
of the OXI dation product gas fromthe catal ytic partial oxidation reactor

13. W‘@d""%ﬂﬂd\?@“‘%ﬂh@ o eferd ‘%‘F{?P‘@I“%‘E‘eaﬁéh‘@%ﬁ’éﬁ‘@l hpe eyesif uri zi ng,

and heating galaend%& rnagtlga&p@a@d ey pdater 604 shoRE pdsshie, IPE:wistha iopt i mal
conditioning of the ext for 15 at al tlc rti al oxi dation. In a

3( %ct ed ]%aﬁl §ng

preferred enBSHFHRERTTES™E HEW™P “FZF’&""‘C"E % ffe ‘«QB%‘E? eyt r‘?ﬁy be
initially exc»anadaﬂ;,als mdﬁﬂlﬁamfubi&dtilmcaabS@De@tc&fdvepa’ﬁ@ﬁﬁu’dﬁ,poﬂfbn efpHiSi on i s
necessary to _r hdethextr |f1 a selected

C
e ! Sl IR Gl gD Sa% & et L, S o s
significanft pofsefenchehliigubftuiringantpaimik.ntheecomped gelandynhdntve hexddrimet ed gas i f

the extract eﬂrs%§t cgtaﬁ})g,%l“ "Si09k c%?r%r%[uré J}f%@tw% to permit catalytic desulfurization of the

extracted gas, for example to a temperature of from 150°C to 350°C. The extracted gas
may then be catalytically desulfurized in desulfurizer 15 to remove most or all remaining
sulfur containing compounds in the extracted gas. The extracted gas may then be heated in

25  asccond heat exchanger 17 10 a temperaiure at or above the auto-ignition temperature of
the extracted gas when mixed with an oxygen containing gas and contacted with a selected
catalytic partial oxidation catalyst, preferably from 250°C to 550°C. The heated extracted
gas exiting the second heat exchanger 17 may be fed to a catalytic partial oxidation reactor
13 for catalytic partial oxidation. In a particularly preferred embodiment, the oxidation

30  product gas produced by catalytic partial oxidation of the extracted gas is utilized to
provide heat for heat exchange with the extracted gas in the first and sccond heat

exchangers 11 and 17.
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20 vol . % of such sul fur containing conmpounds. The extracted gas may then be
heated in a first heat exchanger 11 to a tenperature effective to permt
catal ytic desul furization of the extracted gas, for exanple to a

t enper at ur ewofodonam150C t o 350C. The extracted gas maypdir@RR43682
catalytically desulfurized in desul furizer 15 to renove nost or all

remai ni ng sul fur containing conpounds in the extracted gas. The extracted
gas may then be heated in 25 a second heat exchanger 17 to a tenperature
at or above the auto-ignition tenperature of the extracted gas when m xed
Wit h aln oxygen COﬂieaiehiSJ‘tgpegﬂ& @ﬂﬂrcﬁtﬁﬂ&c&ﬁlﬂaé@ Wiptdaend fﬁ@h@@é)@ﬁiﬁ@aﬂa,l yt idc
partial oxi e heate

bt ract ed gad il i Sleon AR R L ER B D s B PaEPS o

cat al yti ¢ partmabni@iddatiigs orleactoohe ckBadicrzaciadyglaystticovepatit tlakeroxisetat i on. I n
a particular nt.. .lhe.xi I 3 s produced
by catal yti clt&ICfB?%ee&e oo ‘geﬁ?g‘%g* lo’ttﬁgitgelgtfcﬁglggg‘g I(fg?ig%" Olqg{e% %ed % to provide
heat for HKeaf Ole’f%mdﬁ@@ fwwﬂeltﬁm@yéﬁwca@iw@ncqya@tddnn gdseouf i:qrrswnwmbl@econd heat
exchangers 1}.and3) fine §; thesc:ul]ﬂéte9¥\ﬁ¥i)e<§mmm91%m§m lfeoly €s€nt, scrubber
9, if present, first heat exchanger desulfuri zer % and second heat
exchanger 17 CofauTRatiefpwiisy %Wc'c(bth’rlé‘é@-‘édhq st s estiseckhimiibeat i on by pi pes
or lines so bhgaRyl cambasd i aScBYorRASSca ROl WBAR: LhBb&beyBAd 5; Uged to ef fect
the steps of th rocess prior. to catalytic partial  oxidation of t he

extracted gadest kg é‘%’é{r?ﬁPléC‘dt‘f’ﬂéc%‘%ﬁ%‘d‘é&a“@“ﬁ&?‘wl%ﬁb‘é‘rﬁﬁf\ﬁeﬁ”? ¥¥nnect ed
in gaseouls cexmmgbxa@tém@m 1R stdogd Mt dxcldinfy IT!nﬁlﬁbtﬁ)pelTah@;]}&E)ﬁﬁbe@[n 9 ma)é bF
operatively connected in i wi th the expander 6 by line
B The 111 s PRI o AP A R T a8 BY sty el hn it BN gasomus
conmuni cat i onxidatioh readter lscnratytbbepsela&ﬁv&iycdmmd?.zigasédnmcﬂhemmﬁchwm\mmrthelS may be
operatively cRNnsa! ed.in 9?3,31,9 ommuni cation with the first beat 10

exchanger by“]Con cf’:.’@mhtmﬁé: ieat exchanger 17 may be operatively
connected in gase‘bwygxmwnmmmagdsmlsmimdvidemg» afesiUibf the preess fobcopyerfiigne 35; and

the cat alixt! Gy@ashbli BXLARLLO D LERE PRt BB, PELAORIALVEL Y, gognected in

gaseous communi cation W th second heat 'exchanger
oxygen cont afifMidbydepsarbprsoxgiensics wbut the dxesh eonfagink g’ams fctdhéfhp codrids for

converting 10460010 PAS 0 1 1§ {?ﬁuﬁ%%@ﬁ& %9 cERBted gaqqp& BheallWifh ile! qui d
hydr ocar bons and/ or one _or nore |iquid hydrocarbon oxygenates, where the

oxygen cont aFHilHiy ngdial qxsdd‘f“é’d’aftdbﬂt‘ihé‘c@a‘tf Py Rbeve JgrpioABTiERiteRiCHBNe eact or 13

to partiallymexiidieerhbe@xtd g’zli@Exﬁﬂh@@@f,ém@ﬂaxﬁﬂ@gﬁctTh\é\ﬁoiﬁcﬁ OfGatal ytic
parti al éﬁl dation catal yst at a 1engerature above the auto-ignition

t enper at dfe &% Hade ﬁ’l“)?tgﬁr?‘”é’m@f‘s”fﬂw"é PP 3R e vg s O P HE Y ERPGERE ont i ni ng
gas.. The oxycgﬂm«;m@nttlaiqmmglﬁzag@sn may be air, a gas corrprl sing at Ieast 90

vol . %oxygen, or glélbls¥{:1 % %}0 ﬁ%gt {h gy;(gxlgen glo r| Si n ok g?
oxyGen. o AT BPEIER bl e R S O &1 FRTD EE compr 1 ses
at | east 90 v:gdgc:%taxq‘gmnlumog aﬂamn@iai mhmdmhgr@ubmh}&rm@ceds ((agrﬁlthﬁltvﬁcr@f ni trogen
in the pr OCeR34 gict oxsvgen contammf, gas) smf:e mf’i og,cn marc%}%lgs up r(%:gc%r%lolmng %1198‘3) si nce
ni trogen nerely
25 may produce undcqlrablc NO, compounds in thc catalytic partial oxidation of the extracted
gas. An oxygen containing gas comprising at least 90 vol.% oxygen may be provided by
separating oxygen from air in a unit for separating oxygen from air 8. The unit 8 may be a
conventional air separation unit, or a conventional vacuum pressure swing absorption unit,
or a unit in which oxygen may be separated from air by membranes. Preferably the oxygen
30 containing gas provided for use in the catalytic partial oxidation of the extracted gas
compriscs at least 99 vol.% oxygen, and is provided by separating oxygen from airin a

conventional air separation unit,
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25 may produce undesirabl e NO conpounds in the catalytic partial oxidation
of the extracted gas. An oxygen containing gas conprising at |east 90 vol. %
oxygen may be provided by separating oxygen fromair in a unit for
separating exy@ens«ziemair 8. The unit 8 may be a convertingnadeodict:
separation unit, or a conventional vacuum pressure sw ng absorption unit,
or a unit in which oxygen may be separated fromair by nenbranes.
Preferably the oxygen 30containing gas provided for use in the catalytic
partial oxidation of the extracted gas conprises at |east 99 vol. % oxygen,
and is provided bEuesepeytatiinghowy@atr skpa@ating btygbmfr@n eioMyel frowddd bai r

Separ ati on ur(]‘,l ta'nsi nofal thr)]%:[ X %gl}cttao gg;l\ﬁle’()ctl‘%gl &nigll i§ )IOQ{ICtS‘eSpS l&i%%l ng Oxygen
fromair my pé p?o({/i ded By e RpansFe N o1 Flyd‘roc\f%lr Boh product "gas or a
hydr ocar bon dixyupbrat-gapledudsscripabsingtrtheaivtdilbeloug aapxpenjsahdered tas descri bed

in further detai. | Q. i le. ' , ) , ssure of
the extract eg&ggést?p@lﬁqg&gy {%%%cﬁéépﬁg g%@&%@g%‘%@?%@?gﬁ@ﬁgﬁgi r%@%{'gd 5gas
may al so Be gsemavtagiode imge tor diere thajunit torsepagatqexyemdrom@iigen from air.

Ni trogen separat Qdilrﬁécﬂ@%ﬁdﬂ%d@lioﬁa ti}é_'hiltih@m%rﬁegﬁ@ﬁ@{ xﬁh%f?}%y%@k&nic% Ry be cool ed
and collected as liquid nitrogen in the air separation unit 8. The liquid

ni trogen may Bl gdiay i D deiageghier witdednsliqu tirReepreskntepivocess by
ch halnglb nlg h@act{ Sé_ll_ﬁhoﬁlhgzis Bige:88 5 8¢ FreRphRcR By @@ﬁir%ﬁhg h@s wilB 8¢ rgiam@m @ further
et ai el ow, e oxygen-containing gas may be conpressed to a pressure
within a rané}%cqoﬂeﬂrﬁsfeﬁw&dt“bg‘i‘g"I@F‘é.‘,lb%‘i‘“"from 5 MPa to 15 MPa, or to 10 MpPa.

I n an enbi@di ment , THeRRY@X Y GRAIN SOFHE diad bO@nPassct o LNEPIresBiaa 2 tMgafr@hh €Ssur e
within | Ma t ressur t xtra gas after. any. expansion of
the ext r act edngas TTPREF B Saftas BoPX b BTDRE LG Rl §hp RSB ES

oxygen- cont aicoitsigingzs istayphecproavirded: wishiek pia sf thaprefsura ofmrelexmaaedon product
gas or a 15hydrecarbon oxygenate product .gas.throu an_expapder, as

descr bed i oL Ehay el ARk Sublel B EtorRy bRV AR AR BEERPE"  Lalce the
pressure of vthecexitacieds gasbe moddedpy Capnpmodabetiodaspor redekgransi on of the
ext r act edsgag, duh 5B 3Gy SRR AIRpAIE LixeaRGoRkAk alag gas. The
oxygen contai hing gas s ated to a Tenperature at or above the

aut o- i gni ti ofelge. Henwpepedeus & ued 1o teduce Gietrasen dxhercaierced sfagnerande bxygen

cont ai ni N9 gaRdhddd biMhe 6AhALNMLIf the RAFA1-Rbas el dRE bORed BRGhAEss IR dxPochhe
presence of a partial oxidation catalyst sO the extracted gas nay be
partially oxCHl'¥¥HE$4 the catal ytic partial oxidation reactor 13. As noted

above w th respectncloRydehCon@XlikAet RlcHaSo o idhPerdtibet GBbE tRiuutospRAsAt ure of
the extracted gas v_vheq conpi ned with an ogpégen-c’ont ai nj n]gct %@S{_I s, at |east
in part, Jep&Hlentura thegamyine] graqrdsps and ORaehenfaine Bxindit ¥ it at al yst in
the parti ?I @ﬁ?id&)&id@tfﬁ)nﬁ'@aﬁi ¥in ilﬁ,pregdﬂﬂe oraypakiel c&idaecsmﬁfa@]tftulbme@iu-aatedl east

200C, prefera t |east 300 nd is a rature ess,_than 600C, or
mmy be at modt SooEr Vet Aipehta Rt Fi R et ARRIRLBHe ' om 200c
to | ess thanwith@Gpecoto tia ckeapdpat G eutoignition mnph@Grd o i S@Ected pasfwlom 200C t o

sel set e 30 LOmmian Al bl PARuiRey Rt B Bl naePPBeRbn IRFUER 0F 1 he”
conbi ned 2ext tmerial yalstiauvdialyxtygba potvl vaEilfion pagas!3i mdnke bpr esweewreof a

sel ected par tohzﬁllcag)ﬁ-g&?gégrgﬁglgl?itaﬂlle%%o °(-Lr ﬁgd QUG 'érr%gxpegﬁ"éeg?ﬁgneéﬂﬁ%ggy be

conventi onal "heater g a é)as’, I ncludi rical aters and
heat exchangemns be dtmost 90T, erat edstettfoduneny be & hepbeaterf fohdb0Weatang t he
oxygen cont alth'?i!l 2&)“(3, or a temperature of from 250°C to 550°C, or from 200°C to 400°C.
The oxygen-containing gas may be heated in one or more heaters to a selected
30 temperature at or above the auto-ignition temperature of the combined extracted gas and
oxygen-containing gas in the presence of a selected partial oxidation catalyst. The one or
more heaters may be conventional heaters for heating a gas, including electrical heaters and

heat exchangers. In a preferred embodiment, the heaters for heating the oxygen containing
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gas are heat exchangers. In an enbodi nent, the oxygen-containing gas may be
heated to a tenperature of from 100C to 350C, or from150C to 300C in a
first heat exchanger 11, preferably by exchanging heat with a portion of

t he oxi dati o fésodesgi gas fromthe catalytic partial oxicdatd:enoiract or 13.
Subsequently, the oxygen-containing gas nay be 5 heated to a tenperature of
from 250C up to but not including 600C, or from 300C to 550C in a second
heat exchanger 17, preferably by exchanging heat with a portion of the

oxi dation product gas fromthe catalytic partial oxidation reactor 13. The
oxygen- cont aigi anghegaScliabgen. Xegh dt‘wib‘ohnieﬁtethewtylga&foﬁdmg@%asi ayelie haa@Ln b

effective to art e hydr.ocarhons in the
extract ed ga§ il lrc‘g%léﬂ“\?? é?ig i’@molgé\ogitf’ggl& gfm LR ther ef or e,
t he oxygen- conrfaibiy Uy@xgﬁSg]mgsllemvﬁﬂadthmhoftlneoﬁd@hblaprbﬁdt gagomfhean anount such

that the mol %gtalata an!aPOXfCBi(% cdct 'i? utos ucn)iy ?cnqxgégbgtcgllﬁemuggﬁa%a dﬁs&o car bon
e

fromthe hydrocarbons eXt rac gas &f er abl Y,
t he oxyger- cbsttaitoi mgapga:sxemfﬁmnzemmmdbmhcﬁuelddmgéﬁ(éd @dismi30&noamunt such

that the nol ati o of.  ox nfr xyge con ai ni s t.o carbon
o e mousbr o oSl S el O RS B B R P R P o™ oot
0.5, or at |eﬁiﬁitioﬁpﬁ)du@gdsdmn}ltmtah(ﬁc paotial @aridatios rattom3st 0. 99, or at npst

0.95, or at nost lq\c OX)Q,[(:Q Coﬂ?’dllp?.ﬁ a8 18 mli((:Sd wuhé]be cx@%ctcsdhrgs 11 an dmtgjllgéf ﬁ\zcal r-my be

provi ded as an i nput ream rovided as the
oxygen cont atapertgligdst ltOhﬁliim@hldlzprhehgkllrpcadmust1h@eaxwact¢agasblemf@di!)tsta aunit 8

for separgti ggu%YcQ&%llfﬁ%mnﬂtﬂle thefre? re %Q:rdxg&h ant&]ﬁﬁ% gawg%&eoc@m &Qt of air,

as 20describ abov € 0oXxygen contdinin , oxygen
enri ched ai r exteeted pasait @mnoamtlsychdb@yg’emoiaﬁm}wb xiread fog thvexyginogptaihisat

exchanger t hpayghddnRntide hy\fﬂk%@m@ ?f trr@b,{xnlﬁﬁed-’éﬁ € Qe Rl @lesdrft®y RL € that
t he Oxygen Contalnlng gas |Is introduced into the process, in part|CU|ar to

mai ntai n t he OREFHFOEINELHE TEs Gt ﬂacwxwd@wgerhdwmsai:hﬁhﬁghega&drt o carbon

from the hydigicarHQps fidh ﬂlngy@aidoa@ﬁlﬁg cBAS cdrBonl fRBSthE RAROBEhs M@k ves 47 and
49 may be _used 25to direct the fl he air input streamto the oxygen

separati on uffeci8d &S AL BT 4 ene 19 &5 8" atﬁeﬁ%oéx‘?@@ﬁasb%ﬁ A H"Ghas may” be
heated in the.o,iokstmdae@ss, emhﬂﬁ@% ckht Byst @8£hangi ng heat with the oxidation

product gas fromthe catal arti al i dation of the 0xX cont ai ni ng

Gas and the extr VIO Ga¢ | dfid ey et dotpry e haget B Aol Eatond

30heat exchangebe frdvilldarae thgloxdgemeonbiniifogis a‘lmuglhi@re dnsatlicng nky bekdhange of heat

W th the unit 8 for separating oxygen from air or for enriching the oxygen content of air, as

20 described above. The oxygen containing gas, cither air, oxygen enriched air, or
substantially oxygen, may be fed to the first heat exchanger through line 43. Valve 45 may
be used to control the rate that the oxygen containing gas is introduced into the process, in
particular, to maintain the molar ratio of oxygen in the oxygen containing gas to carbon
from the hydrocarbons in the extracted gas to less than one. Valves 47 and 49 may be used

25 to direct the flow of the air input stream to the oxygen separation unit 8 or around the unit
8.

The oxygen containing gas may be heated in the first heat exchanger 11 by
exchanpging heat with the oxidation product gas from the catalytic partial oxidation of the
oxygen containing gas and the extraction gas, and may subsequently be fed to the second

30 heat exchanger 17 through line 81 for further heating by exchange of heat with the
oxidation product gas in order to raise the temperature of the oxygen containing gas to a
temperature at or above the auto-ignition temperature of the oxygen-containing gas and the

extracted gas in the presence of a selected partial oxidation catalyst. The oxygen
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oxi dation product gas in order to raise the tenperature of the oxygen
containing gas to a tenperature at or above the auto-ignition tenperature
of the oxygen-containing gas and the extracted gas in the presence of a

sel ect ed pawlizsbosaxiidat i on catal yst. The oxygen cont aimimg:gas3vgy then be
fed fromthe second heat exchanger 17 to the catalytic partial oxidation
reactor 13 for catalytically-induced reaction with the extracted gas
through line 53, or may be mixed with the heated extracted gas exiting the
second heat exchanger 17 prior to feeding the mxture to the catalytic
partial oxi dabitomnng gaataghed B ﬂ‘cd)ﬁo:hﬁ&@édo%heaﬁ@:‘)ﬁahg}:ma? {oythe dafaytigparli@s s

preferably. L0Su YIS CINALNIN0, AN NS BN BRLE] SO, TR e T xod

prior to heatin
initially beéﬁ mngmxeafcrhlxgh\snlst@pmdaﬂ e*tytpie@a,,ag exitimg tﬂlhzecdiudrhsott cxvbatgehichanger ,

but prior to,fyrthe 111;,%95.&@% to‘?ho%ami hile f}JP@al ﬁﬁﬁa%’af?ret}&é’#]sza?&%ﬂ&er where the

m xture i s uItlna e he ca tic par OXI tion reactor for
cont act wist h OtigigHy, |ﬂa)|uglb1>zﬁﬂam°qr@alw e oayspreontanipggss enl thegxéregiedgaphay hre

10m xture.  mixed plifk 18 ReaBRPRM 'nﬁ? BE neafili RABMEFBY nP§ béﬂnﬁ@&jdﬁ’@r titialiPBeafxy €N
cont ai ning gas and the extracted prior to or during reaction of the

oxygen cont aiHige Garetdhg gt ﬁéwé”s&t?%?é%adi@gsbm PHY e iughenhpaipe. e&r ¥dht o i nhi bit

the formati orecofd matrebaiangée—pemr& ﬁmhmxtwe@ L@tﬂﬁa&ﬂ}yfclﬂ%t@@dataﬂyaib pﬂmudatl on reactor
13 and/or on tg . parti oxid on ¢ ? m? st eam may
m xed with tR& ‘85?5&@?1‘0" B%ﬁoaﬁaﬁ.“ﬁ ahage é’ﬁb‘d‘ﬂ%éat&‘(f‘rt%’& ‘&8*‘06%15’“ f9r "to or
during pati alixtei dati on reactl on of the oxygen cont ai ni ng gas and t he
extracted gas to}autotln 1 ) r ef or mt(feﬁda a,0r Ny met hane in
the extracted gas' actdr }“he“ R fearr s g ‘foxgéc[“ elol ’ﬁ%ﬁ% L H20O 5H2 +
CO. When st eaxracd gdgaa th mrdutnimremmpma@he ofvgaubatineg paland &t ortretd g, t he
steam my e addeg, b8 LRttt e Rl Rh of ARFALELARGLH, AT R bhe oxygen

contai ning gas 1 n an -amount steamis preésen he mixture
i n an anount owflatiep rqagforlld apd/oendlie natiel eridetior@talyhen steamis utilized for

the purpase @f.auhg in@ﬁt@édmrn@d MR iR e prgen%[)méiﬁh, ok ﬁmééﬂtmt sWith the

extracted gas and e 0OX onta|n|ng as i s seléected prOVI e a nol ar
ratio of st eaﬁ@ttt@)ord%irlwrtfai et gieieesciar pidhesoxy genchaining g@a@tﬂé@e gractedH20/ Clic)

of greater t@@orlo Qut@ﬂ(gm!ilmfo;uhﬁl@ st@é@arﬂiapomon of théthdab i th@&qactéltg?@m nmay be
conpressed to a pressure within a range froml MPa to 15 MPa, or from5 MPa

to 15 MPa, OPCGP@“‘EOO pfliope %Ctéﬁb%@iﬁ‘rfbﬂ%* Hepa YhddrR i WheoiPdssed to a
pressure wi t Bidad for W@u@t)sebhﬁmnﬁ@ﬁ@uéf&ngfm{ bR sexh kag bedidgns tRhlianeany
expansi on, @e extr gas is ef fected. Ener é g%l)htﬁ]ﬁcog%)ress t he
st eam ma;} © BHaYF ERPENSPYHB 85 THPA VLSBT PPEIGEE Sgas or a
hydr ocar bon q)»eyege:malteempumdmm{ a,ngJaSt of by UGt wmfeh@pﬁnd&r Wirs sie@sBri bed in
further detai Jllllcg }O(PYlvc purpose U &K 1a{'3rr]ndla reforma(s ion, i amorglt of steam mixed with the
cxtracted gas and the oxygen containing gas is seleeted to provide a molar ratio of steant to
carbon from hydrocarbons in the extracted gas (HyO/Cjye) of greater than 0 and less than
25 04
If utilized, steam may be compressed to a pressure within a range from 1 MPa to 15
MPa, or from 5 MPa to 15 MPa, or to 10 MP4. In an cmbodiment, the stecam is
compressed to a pressure within 1 MPa of the pressure of the extracted gas after any
expansion of the extracted gas is effected. Energy (¢7) to compress the steam may be
30 provided by expansion of a hydrocarbon product gas or a hydrocarbon oxygenate product
gas through an cxpander, as described in further detail below. If an expander 6 is used to
reduce the pressure of the extracted gas, cnergy (e) produced by the expansion of the

extracted gas may also be used to compress the steam.
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reduce the pressure of the extracted gas, energy (e) produced by the
expansi on of the extracted gas nmay al so be used to conpress the steam
Water or steamnmay be fed to one or nore heaters or heat exchangers to heat
t he steam twoaocivanper ature of fromat | east 200C, pref aer@abyomdiosdseast 300C,
and to a tenperature of |less than 600C, or at nost 500C, or at nost 400C,
where the tenperature may be a tenperature of from200C to | ess than 600C,
or a tenperature of from 250C to 5550C, or from 200C to 400C. hi a
preferred enbodi nent, water or steammay be fed to the first heat exchanger
11 through |ine S58ateMAkiesm oy 5t fedumonayr ae faadrsiof het é;&aam@:rromeﬁﬁtttehr ough an

inlet line ST, rativel o) d froma third
heat exchangérgangg’ q%%'feir ‘ﬁé?’ﬁ“&ﬁp“h'gg"a“?@? tE"tahié“h%?lnE%p Cgﬁn‘gtf’é‘duct gas or its
wat er - gas s hidipedtupr @tycthaa@0de scatinbad otrel, o mdQ 40drComgh the Rep&lushi ch may

be operativel onnected to line 55. The water or steam be heated to
produce heat 'yg‘f %‘ﬁWP?"?f“icﬁgfr‘fIP ?@{éﬁé}éﬁs ﬂ@%mﬁ(bﬁg@r“ t?ﬂlil’eﬁ’f}“‘é%ﬁf?&}*?ég P heat

with the oxidsdtoi figh@ducttogagcproduced by the catalytic partial oxidation
of the oxygen cont ai ni 1%%%(@5 and the extracted The heated steam may be

fed fromthe firdtaReh PradiRyap waigr ‘t‘é""f‘ﬁ@la)él%%’gﬁﬁ”h“e%fﬁt hesd crcharpst 1117

through i netf@gh dfie WWJ%@@ @@atnuyga,e f@irmtemelpwaadq kiouRYn PRt fied715di rectly
into the catal i i

dat . f th th
cont ai ni ng. g QeruivE PREe R 38s caaae BEFIhG e der e Shalobtim xed wit h
ei ther or botkdtheookygaédhticombditriang igastcapd/sbifted fraduexts kectied bga@ prior to
feeding tlhe | f (@(ﬁ.\ H{ut? (EIQNI\E&%‘? g%& ?}%&%tlvg]y 9(‘;11 35(!‘(0 lt?_lpn Isqatl’h??\gatgreo?'gt&a(;{ B & bsef for

reaction. eam | eat - exchanger urt her
heating, t heh@tt@éémptnwc batch elatre o thﬂﬁl”ﬁtﬁlea't emhaitghtel 1§H@@cmdnga@ahcat wilh bxchanger

by exchangi ng,;hgat p:‘Mh;clil %a"'s‘ ;}Fbg{:éeh inhgf:dt&lﬁﬁ; g?ﬁ(ﬂdﬁﬁ aﬁ)cgﬁ 4t Elﬁ%%fgten ?(Q'l%a'l nidd1€

resul ting steam may |rec%¥ catal ytic par ox! dat i on
reactor 13 f BE&Hd ﬁé%@é‘@%ﬁéﬂhél&thcé Hiewgasy bt fedfrmotlig first fenteexgBngepil tohe st eam

may be mi Xedth‘é‘s@c'ﬂn(ﬂlcﬁtkb%haﬁéox M}Rl}ﬁlﬂﬁac%Y&%ﬂih@%ﬁtﬁignér%gn&@iﬁr a5y t he
extracted _gas prior to feeding the mxture to the catalytic partial

oxi dat i orl”r ediEtcHy integh Gabitie aptis] gridatoy 1etonkdeaBix g W8 He@sYeni ni ng gas and

the heated exdniathOes @aShe dxlfradd@tpaPdueMi: RESHOY, d%E B mXBYwhIEiREI @ ot PON
introduction . into the catalzs/ {d%é oxi dati on reactor 13. The m xture,

artial
regardl ess offCRIERD FNREERE aga ﬁ“’ P’@ﬁ’&?‘é%ﬂﬂpﬁo‘éﬁ%@‘%% e Pt dba vt o
part ihal oxi dedtilafe pmammmmntr@acﬁ)r udmc&?@nn OIX thd @dchrd B the(&jm@écogcaﬁaat optional ly
int epresen in the, cata c atiqn reactor 13.
e o R T ot 2 E el Bbl nE At BRE e B bR Mot e
reaction?20f oxchgen hymxcthhx@n@&rpgesmh@(pnman lﬁithlgoxgaﬁmanﬁﬂuht}@ﬁ odanrkolnsg
part I cul arl Yt F@%H%‘;@ f\(id] Ie tﬂ%o ﬁfét Jé)t%&ﬁc n]%cirtgf%ldapou l%actt r}q?s% bl{er};ec%llg i((éz‘\ge present

in the extrac 'S su unreactive S the
oxi dati on r egxshanger 1t7@h1ough line 65, or the steam may be mlxed with either or both the oxygen

containing gas and/or the extracted gas prior to feeding the mixture to the catalytic partial
oxidation reactor 13 for reaction,

25 The heated oxygen containing gas and the heated extracted gas, if not previously
mixed, may be mixed upon introduction info the catalytic partial oxidation reacior 13. The
mixture, regardless of when mixed, is then reacted in an exothermic catalytic partial
oxidation reaction to produce an oxidation product gas, optionally in the presence of steam,
in the catalytic partial oxidation reactor 13. The oxidation product gas contains the

30 reaction products from the reaction of oxygen in the oxygen containing gas and
hydrocarbons, particularly methane, in the extracted gas, plus the carbon dioxide present in

the extracted gas—which is substantially unreactive but retards the oxidation reaction to
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mai ntain the tenperature of the oxidation product gas bel ow 600C. The
oxygen in the oxygen containing gas and the nethane in the extraction gas
react as follows: CH4 + ' A2 CO + 2H2 where the reaction product is
primarily awgyhbd@shs gas conprising hydrogen and car bgirraseaoside where
hydrogen is present in a 2:1 nolar ratio relative to carbon nonoxi de. The
oxi dati on product gas, therefore, contains hydrogen, carbon nonoxi de, and
carbon dioxide as its main constituents, and optionally contains steamif
wat er/ steam was added to the m xture of the extracted gas and the

oxygen- cont ainiikgn G &mpdiitere@King akiiMion Hodkt a9Belb® 6OBRENTRI BX9Eknad thd | ow
tenperature such that the oxidation 10product gas emé’l ng the catalytic

partial oxi dQKYESHCEIU eSS ﬂ’géhed“‘iﬂé‘ﬁ‘i)lé}ﬁ&teﬁ?@“ﬁg“b@ﬂd‘a\ﬁ gt The tenperature
of the oxidation reactlon |s naﬁn%aomedcawzagtenperature of bel ow 600C by

1) controlllgg Qe te he egtracted g \ 1 ﬁf 1‘1§X @gn
cont ai ning g ?égdgm? lwgﬁmﬁ ¢ SVERRY 8 “ORREYE VHEST €84 ¢ erat ures
of the exwramﬁmdu@awhamﬂﬁomwmmy@emhueaﬁammnm@ogaswaaymbenmomﬁmbd to reduce

t he t errper at OX?éd.tlE)lh Og.lcaggg lai?e@orgr ﬁlqyllqb ha/gh%g(?)sédr QI{OROXZ{(?%alﬁio()gl%r Ol l I ng t he

tenperature o m Xt ure regulate the
reaction tenﬁewdtuﬂgnmwh@n@mmmgaﬁ@eﬁmm@mp@ﬂamuﬂ@m@$M@m@@mva@ﬁ@@uhg t he

reaction i Xw,gxtmwm@emxﬁfgd@a,toqhmgg@#coattaﬁmggmerature of the oxidation

product gas; adjusting t lar ratiro of oxz en in the oxygen
cont ai ni ng gas to'Eﬁﬁ%@ﬁwmﬁMWymﬁU@aﬂﬁéﬁbﬁPW“ﬂW@W%%WP&E t Yeexidafipier e t he

ratio of @Xygﬁﬁmk&ﬁ%ﬁﬁn£%¥Qﬁﬂw&gﬁh@kﬂwgﬂmgééwgﬂmEQm%%&%%&ﬁ%ao@ydrOcarbons
in the extracted %as may | owered to reduce the tenperature of the oxidation

product gas; O8he/ bhe taqlpea«ayxagi%@l‘!dﬁgl ieaplipipis grRintaed pledgmpezttae ofbeloe oxygen
contai ni ng 9@§o°&%rtlﬂ%nﬁaiﬁ.¥g%ﬁé@ﬂpcgﬁéremh@'s&%&&&%q Lifdor @f%@.ﬂémmnl%xgen

containing gas relative to the extracted gas present in the reaction and
t her eby |ncr8@@@0b%@“@@@ﬂdﬁ?méaﬁb@ﬁmﬂﬁﬁ%W@@“@WﬁG@ﬁ@Pﬁﬁ?@ﬁ%ﬁﬂég@ht in the

reaction to Bwp&ntadi}wtg@mﬁr@%w&ed% rek @ IbART AR RABRPSRENGT préRSt The
partial oxidation of th ocarbons present in the extracted gas is

ef fect ed 1By BISKIHEGT %H@%@Uﬂ%&'&‘@ﬂpe&é@‘e y pten yldpiahed et g Bas, and
optional ly st@aak mr}@c%ﬂ&@feumg whbe m&ife&;maomurmfeaﬁamd @ase and oxygen
containing was with ?E ctive atal tic @rt'%n OXIg ation catal yst,

where the m Wﬂi"&”ﬂ’é{%“"él‘a %%&’Ffa E?rf‘éd“ﬁff* f FORTSHEE! Uip “S6AUEB PIOB S50t

i ncludi ng, 6 3)081_]1@11@(1&81566& rathof @xygehid ﬂ&»«bcy@ﬁtcadmga@gamdcaim ixygen
containing g and op é EIH% fed to

O e T g e s 9

gas and the oopgenindgibeitninnig the cxtracted gas may lowered to reduce the temperature of
the oxidation product gas; and/or 4) adjusting the ratio of the feed rate of the oxygen
containing gas to the extracted gas to decrease the amount of oxygen containing gas
relative to the extracted gas present in the reaction and thereby increase the overall carbon
dioxide concentration present in the reaction to reduce the temperature of the oxidation
25 product gas.

The partial oxidation of the hydrocarbons present in the extracted gas is effected by
mixing the extracted gas and the oxygen containing gas, and optionally steam, and
contacting the mixture of extracied gas and oxygen containing gas with a highly reactive
catalytic partial oxidation catalyst, where the mixture has a temperature of from 200°C up

30 to, but not including, 600°C. As discussed above, the extracted gas and the oxygen
containing gas, and optionally sicam, may be mixed prior to being fed to the catalytic

partial oxidation reactor 13. Alternatively, the extracted gas and the oxygen containing
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gas, and optionally steam may be initially mxed in the catalytic parti al
oxi dation reactor 13 prior to contacting the catalyst. The parti al

oxi dation of the hydrocarbons present in the extracted gas may be conducted
at an el evayedopnassure. In an enbodi nent, the pressur ecatsyhichsizhe

m xture of 5extracted gas and the oxygen-containing gas, and optionally
steam nay be reacted nmay range froml1l.5 MPa to 15 MPa, or from5 MPa to 15
MPa, or at 10 MPa. The pressure of the m xture of extracted gas, the
oxygen-contai ning gas, and optionally steam is determ ned by the pressure
of the individual optemghrseat, gadespitiallgindied ieyc tealgophrialdx@aianseadescr i bed
above. 10The o effect the partial oxidation of the

m xt ure of hlﬁﬁ' (M%£M&&le%§ﬂgﬁextracted gas and oxygen in the oxygen
cont ai ni ng gas nﬂécphaﬁemsubﬁpﬁh@h@ﬂ@&b@kywwmimém*mﬁ@yﬂagﬂe%ﬂ@ct oxi dati on

(partial) of JTBX%%%%R §tcd 19@'{9 ik, CH'&@ llnb’odﬂﬁ&lh@fé%wséu% Jt%lcm%tnlrﬂtﬁrc%? a

tenperature o I ncl udi ng, C, and preferably
froma teﬁrpemta@wdesd@ﬁndfthwa@wtﬁlamsaecand'Oewﬂiweém meﬂdzeawtcﬂ BRECti vity",

as used W t hh@SRBEL 5 MPa dPishgrdar fdndd MY dBINIAN 0GR AUYS t TR rdsd Efper at ur e
of from 200C up.to, but not including, 600C is def] ned as: catalytic

activity sufff Ei"‘é‘ﬁ? of G ranadeat G QYRR BFOGRI IR GRY etioslly FiEaR s 85 nol % of

hydr ocar bonsddidiminb@bent paghe df gamdaidud cgagonhodisky wiRR6y ¥edoatdlicy a0f at

| east 20, 000 NL/ k(g/ h (expressed as normal liters of gas per kil ogram of
catal yst per 8T 8Kerein normal liters refers to liters under STP
conditions, i.e. T‘B5ﬁtfﬂmdutihzalm’bf)fcct fBE)ITdmal Oﬂ'ticailoySitthd.nhixkdriﬁdhydhﬁcaﬁlhﬁs process of

the present | aven erature tion

(0]
reaction of It} 1e ex racfcg Ij,ﬁ% an oz[c)ﬁeu 1é1 )El cr()é%gt 8011%11 m%%la mtu?,l hEve suf 101r<]:111Cc8{n érls ni ng gas

conpri ses onetiofy tnoffet wadaablym)mmalb b@hyémdiims mtlaﬂ‘siys@ﬂ@mt, edfh¢ momrt e gr oup
consi sting of rho thenl talysts
conprising r u%‘rgﬁ) bf‘{’r?m’ um é%lcét uf)crl%lé‘rred@ ,ﬁ{& cglﬂél yil cally active
netal s of thtempcamadcysSﬁonmijn"ba) %?mt“isnﬁitehtwtalssmnatyédis asdamhadpickibur e when
two or e pr esen i h metal may
af f ect {Tﬁ{a tgff %ﬁ’ﬁ% %‘8? F%B?Wgﬁéécn?ﬁmm{r |ﬂi°f 6%98&# “potgrsb%'} ?H‘Bﬁl "%t her metal s
present in tdhe cridehnsts: oéﬁlyu@ﬁdwk}emﬁlcmmtbb@ccq&haﬂ y:tldmazln btyn Re# Ryve netal s of
associ.at ed as ure" east 50%

the catalyst are i ti{Fate.I when ﬁt
or at | eatt o EeuaheFERER By e FroamyabE ot ohart o
t he cat al ystNmkg/hidap@sseld Stnameeliofs oﬂ.@ts pmkﬂag}mm ofdataliistpcahdi, stharme of 5 pm of
at | east one of b he ot her tcat a Y%,]élga dl acti %Gfe,(‘ (Lf;\ ) The adm xture of
catal yti cal |3 BU SR AliEs RIS G- BF CERG! #BYal s- wher e t he
presence2®f an ahh@qata@ﬁmtm&ddethepmb@edftbg/prémhthmimdnm@mci the Iblke art, for
exanpl e by g E&’? rocess of the
i nvention ui%alrl]i)cmt%tc Banmeg F gwn freaFthon fhe 5% mlxture Xis the S0 dcqed £as & dnhﬁhcp oxygen
containing gas comprises one or more calalyhcaﬂy active metals selected from the group
consisting of rhodium, iridium, ruthenium, and platinum. Catalysts comprising rhodium
and/or iridium are preferred. The catalytically active metals of the catalyst may be
25  mtimately associated as an admixture when two or more of the metals are present in the
catalyst so each metal may affect the catalytic performance or stability of one or more
other metals present in the catalyst. As used hercin, the catalytically active metals of the
catalyst are "intimately associated as an admixture” when at least 50%, or at least 90% of
each catalytically active metal is present as part of the catalyst within a distance of 10 ym,
30  orwithin a distance of 5 pun, of at least one of the other catalytically active metals. The
admixture of catalytically active metals may be an alloy of the metals—where the presence
of an alloy can be determined by methods known in the art, for example by XRD. In an

embodiment, the catalyst used in the process of the invention utilizes an alloy of rhodium
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and iridiumto provide catalytic activity in the catalytic parti al

oxi dation reaction of the m xture of the extracted gas and the oxygen
containing gas. In an enbodi nment, the catalyst for effecting the parti al

oxi dati on reachiwmneef the nmixture of the extracted gas ramishdee¥srgen
containing gas may conprise rhodiumand iridiumin the formof wres or
gauzes 5of a rhodiumiridium alloy. The one or nore catal ytically
active nmetals of the partial oxidation catalyst may be supported on a
catalyst carrier material. Suitable catalyst carrier materials are known in
the art and iantiidide tapbalccaahdc Hc&iﬁfhﬁii)tﬂ@rcytalyﬂi piﬁ’ﬂli sudhiongasioh bLilig aI um na,

titania, zi r%ﬁﬂ}ggg g{%&@té{ Lé|£ g %6Itlch(§<ré$mqfc?l m gggd% n dy %L(‘W}@% tlce cfa& m ng

steel, such as S t°as
cat al yst car fireffectigg ﬂacp'cmilcawbé@sredrqa@fonaﬁtﬂl@myétmwfdiw,xtrmﬂdt,hwhaml y i ncI udi ng

at |east 70 w g?’/ﬁ ngfdﬁﬁﬂ Zg@vr c%meb‘%frﬁJéh 1d%ﬁ(ﬁxﬁ}?h‘?}‘l&’fox@ﬁé&&ﬁra&"&bggﬁ}e@' s for the

catal yst carri ni a- base ractory oxl des may stabilized
or partiaPlyostdpdinnaidnpylogne or nore oxides of My, Ca, A, Y, La, or Cc.

Particularly sui tablf &afokd (ﬁ{alyﬂﬁﬂigﬁétﬁb el &f @@pg-{m\oﬁlahfoﬁ%él%% heyghened
alum na) and Y-PSZ (partially stabilized 15zirconja), th commercially

avai | abl e. Sfaicd P%élcféfé}’“é?ﬁ“(’:“‘ avisHer t%m%ﬁdwgmawwawé%r&mm YoRBISt ruct ure

may al so be used.gBindlR nﬁ:@dﬂsaJnNﬁifra&&?fbkiﬂd;’s such as silidN@WONE, tniaMBFcBnia,
catalytically active net the partial oxi dat i on_cat al si may be

of
deposi ted on®#Bixuis Q’IGS?E‘? Figr 41} %'f““’l‘?ﬁ‘f‘é?‘}“ﬁ‘PmWC{ S efiaal BWHPEN the art.
I'n oneI errbogmmnias arb ﬁ@taiﬂ@ﬁclgl(@) fdﬂlfc%at@@it@ir)ﬁ&ﬂ Q&J:dn%—tﬁﬁddlrM&CW(&kﬁs of the
partial oxidation cat st osite t he cat st .carrier

ot er pal by PR At RIS el Tr ARy e i SRHAD A SRR or  mor e
sol utions of tib&algumearyr. ﬂmen@)&ﬂaaids&llrﬂ'ﬁbtbly oRidiEd e HaRtabilised of efulliyhe carrier
i npr egnat ed e _on b 1y a pive ta be dried
to torm the tulied BfoapatiesROskR Bt Tk R abint S i B Fley e

cal ci ned. | f mbtfagalcat G- YA (Gooma- tosgsnafdnﬁlmund)alm VHBZ Gattallyttaldékd y acti ve

metal, t I?% C%FC%JHX)‘L, h&ﬁé(!n}/me%hy\{igalﬂﬁg a‘%tﬁjcmlcggm eﬁ?)gpg I&gq{;l ﬂon%;'%)m%m ution

for i rrpregnat n carrie
i npr egnat ed hkqﬂhll@'erpaxamieo ot e ﬁmgatéﬁfsteamﬁ catal ytically active netal

sequentially. Inm&tefb@;nom@@f}mggcm& e QDe0OFIPL 60k BlUILL B} by active

nmetal s may be deposited on thé ca st carrie coa
partial oxi déappoid empthapajdyst %%W@E@ ¥ Hehnigyes lgowppythe @htlapﬁﬁtl cally active

metal s 30i N apbaiéht BBbLE: @%%Uﬁatdty@c@lﬂjmtﬂr\{%e{ah%f{h@ﬁﬂhz{!%ﬁlldﬁ%h%&té(lwtC activity
to enable the reaction of the mxture of the oxy ?en contai ning gas and the
a

ext ract ed? g adahe dgp(tsgqﬁ%ﬁlg{qﬁwgsl&ﬁlrlpietggtertall]%mpwgn ion. The carrier may be

impregnated with one or more solutions of the one or more catalytically active metals, then
the carrier impregnated with the one or more catalytically active metals may be dried 1o
form the catalyst, and then, optionally, the dried catalyst may be calcined. If the catalyst
comprises more than one catalytically active metal, the catalytically active metals may be
25  combined in one solution for impregnating the carrier, or, optionally, the carrier may be
impregnated with separate solutions of each catalytically active metal sequentially. In
another embodiment, the one or more catalytically active metals may be deposited on the
cafalyst carrier by wash coating.
The partial oxidation catalyst comprises the one or more catalytically active metals
30 inany suitable amount to achieve the required catalytic activity to enable the reaction of
the mixture of the oxygen containing gas and the extracted gas at a temperature of less than
6O0°C, or at most 500°C, or at most 400°C, or at most 300°C, In an embodiment, the

partial oxidation catalyst comprises from 0.02 wt.% to 10 wt.%, or from 0.1 wt.% {0 7.5
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600C, or at nost 500C, or at nost 400C, or at nobst 300C. In an enbodi nent,
the partial oxidation catalyst conprises fromO0.02 w.%to 10 wt.% or from
0.1 mt.%to 7.5 w.% of the one or nore catalytically active netals. In
an enbodi mewo, 2oédozparti al oxi dation catal yst conpri sesgigdisdmzagyd 1ridi um
as catalytically active netals where the rhodiumand iridiumconprise from
0.02 wt.%to 10 wt.% of the partial oxidation catalyst, and the
rhodiumto-iridiumweight ratio may be in the range of fromO0.1 to 10, or
from0.2 5to 5, or fromO0.5 to 2. The catalytically active nmetals of
the partial oxbtdafthomeeamaleystiytimaly hﬁvmaﬂﬁilamdnmidtaﬂmone patizlnor e i norgani c

et al CatiOn%mgatmﬁggnéstg&%ﬁ@ggwﬁ&r%ans& TRt Gk 805, YRR glect ed from

Colums 2, 3 er od ni des, for
exanpl e, , TiMgiuniZzmgd lr_‘rﬁtum doenprifel ffom &2 wigne> Ba)yt %bﬁ"eheamztrdl igdagpredasiysed. The
one or m)re 10 tﬂg{h%%ﬁo-ﬂﬁml wéidh k8 %nd nl?l?e r!u{czgk o%xﬁbh@ﬁ)sgl%oﬁ'h@fj in an
adm xture wt e one or nore cata yt 'y ‘active netals of the partial

oxi dati on 5caf“a$ ystom §fé&re the cation to cat alytically active netal ratio

may be in excess Af cQkiyRAMRActitOndalDof (R padialoxi@liorcal A mdR aSUEBEE Of the
catal yst. The Eartl al oxidation catalyst used in the process of the present

i nventi on ma)‘}” ang ‘H1“0135”1%{15%)11%’6‘?‘%10%‘{’98%5@1?BP“eO"th?FG IROTEANIG PG cETont MY Rext r act ed
gas and the @@{(}é@ﬁfﬂroﬁﬁl‘lﬂtﬁhlﬂaﬂg4916§d11daﬂldft@vpt’dlﬁﬂﬁ|'ﬂa.b‘lc sideRMnthQideQriract the one

or nore cat aI |on e associ ated one or
ol or anartins al Mgt oo T R bR Ao el S R S Rl o of L he
m Xt ure nmy ber@ﬁfé eremeanoaﬁmfdyee(aﬂmhtey adsbeat@bin tuh @dmaom:ednaﬂliﬂ&mnealtxaduyst may be

in the form Oftalgl Eﬁ) acs\{c rg@g 01J tlgcg:]lar 1a xrc}r#: (t:.n”cﬁ%il §tu\% %1?18Fat1%{] c%ta H&é}?r a foam

a fixed bed 6f art arta or gauze,
or conbi nati esise tnhehemf may be in ﬁaesabglcs‘tcsuaéf()ﬂébbnm{emf b atulmssudzcbivde par t i al

oxi dati on cagg,%]%@t in the process of the present invention are avail able
comercially, )" exanpl e, from CRT Catal yst Conpany, 16825 Northchase
Drive, Houston, Téxas!id?pe@@ionugiyst afetlartheppesyafitle ppaent inapntiox ivdabd ion of t he

m xture qk thf-‘yf@eﬂ §cRglied f&%lﬁn@ ofﬂgex@ﬁé’tg@é&s mCROLALA J@adlgag %dbaghq

optionally steam the oxidation product gas is renbved frontthe catal ytic
partial oxi dartioawlysieans ot thagnepsmeats cabiieelly poise BRilaged onioptlydicct gas may

have a tenperaiddi@ RE otRort Morell m@t@ltcahé?ﬁ|slelq{apﬂpa:&@%am@iml‘iadu%n gappri sed of
hydr ogen, carbon nonoxi de, ‘and carbon di oxi de, and gtl onal |y steam The

oxi dati on pr Béiee mg%l%eqf@ﬂl&%é’&rfa@mamf%%ted&e’kd%?cwé g1y hegn ﬁ’eﬁ‘i}&r"@car bon 30

product or aapyeEsQeRAsRen sﬁwﬁ@mamambﬂgbk%bmldmomdﬁmqﬁ& BRAAtalyst he oxi dation
pr oduct %15 |swgsed as a feedstock a met hanol . ati on geactl on to produce

met hanol U1 nPAROEHE a5 BET Wf‘a] VY‘F?é’r é‘%z‘dﬁf FORBEYET¥Thas is used as a
f eedst ock for a Hlashet eTeotipsohuse eathé potul baidpios dud et @ thydéc@sad ben product .

present invention are available commercially, for example, from CRI Catalyst Company,
16825 Northchase Drive, Houston, Texas 77060, USA.
After catalytic partial oxidation of the mixture of the extracted gas and the oxygen
25 containing gas, and optionally steam, the oxidation product gas is removed from the
catalytic partial oxidation reactor 13. As noted above, the oxidation product gas may have
a temperature of up to, but not including, 600°C, and is comprised of hydrogen, carbon
monoxide, and carbon dioxide, and optionally steam.
The oxidation product gas is used as a feedstock for producing a hydrocarbon
30 product or a hydrocarbon oxygenate product. In an embodiment, the oxidation product gas
is used as a feedstock for a methanolation reaction to produce methanol, In another
embodiment, the oxidation product gas is used as a feedstock for a Figsher-Tropsch reaction

to produce a hydrocarbon product.
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The oxi dation product gas may be conditioned prior to being utilized as a
feedst ock for produci ng a hydrocarbon oxygenate product or a hydrocarbon
product. The oxidation product gas may be conditioned by one or nore

optional st@wp3wsitgludi ng 1) cooling the oxidation progégiysgasnand 2)
effecting a. water-gas shift reaction using the oxidation 5product gas as a

feedstock to increase the hydrogen content of the oxidation product gas.
The oxi dation product gas may be cooled in one or nore steps to adjust the
tenperature of the oxidation product gas to a tenperature suitable for
converting the oxihdatiiiion prromﬁtugts ngase :tandlao;’fey@ﬁ@ﬁﬁb@mtmmgema:bmqakoduct or
a hydrocarbopol e for

effecting a maf@?(m5§”¥%9?¥mmgé%? %ﬁﬁg%m?%é?gi?gﬁ ngﬁ&fgrﬁ?8é§ "gas prior
to convert|ngu&hEgmnmga¢umanmdﬁuomHga$nnmh@mhy@momﬁMb@n)amygBmate pr oduct

or & hydr ocar baRRRARKELas J0% Sl ABLLAN LG ARSI NBNEGR, L erper ature

of from 200C I'nclu an 'y "W have a
t enper at ufe Dlﬁdlfcr Wﬂﬂf@@@smﬁ( @@!Cf@&tllwwr%ﬂmomdmr@@fhc 6@%011 rodet eappi cal |y

from 500C up to, mgbxrﬁ@%nl}@ﬁd&’g}s e OBk i &c%h@m@'&t@ﬁs‘%§§dp§§ ik he invention,
t he hydrogen content of e oxldation product gas 15may be increased in a

wat er - gas shiepperplagof {be axidiior Aroduey 2450 ePmpgreyg S*atablaf@éplé'élﬁlé@th@enperat ure in

the range of ofid06% BOAGt §:9 oA GocARS dxfrgcﬁzh@prb&ﬁp&rd ?ré%@rl%fm pldaget Qg dat i on
product gas is. abhove a sel ected npera ture for efrecting a water-gas shift

reaction, th%"*‘&%%éiatf’iaéc’ﬁpﬁ‘ra?b‘b‘iﬁetmb &r Gligeting @ “@t%saédh*tﬂdcam@ 18 the Qeiglggn

t enper at upe. pitct @a@En;lorltdﬂccﬁlh@tufgl’tmu@fprbd”met gammanaw@aubohheyg@mdat ion
product gas roduct Osh¥fted

as shif
oxi dati on pr %rai‘;‘l?% Orﬁﬁaé‘o‘f‘?é hE 'é%’n “"f“é’maf'“%)%“r%%y B%% ’BP%%‘EF& at a
sel ect ed t enpenabMCanpid)bithe: indnge:, 6If0°¢ FaOMyRIOANS vl hAQ @ Gniperaturdwfdiogc ar bon
oxygenate product at a selected tenmperatyre i.n the of from 200C to
300C, t her ef ‘?’5 up 10, b B IR ft?h C”BU&}&W wgogroy Fglm‘ig&tﬁwblaglu% fted
product has gt€npekaietee oﬁﬂh@‘ﬁﬁe:ﬁloﬁ ehagtiedetempabahbbaddion pearygit i ng the

oxi dation_product, gas or the water-gas shifted oxidation product gas to a
25hydrocé?boﬁﬁb%yd%ﬁﬁT@“ﬁP@HD%?S%P“ﬁaWVJWBE&P%Bﬁc%Wﬁﬁﬁ%Tmhﬁﬂ% oxi dati on

product gas empérhGrecWahe m8AT fivhi odedo m)(edtmm ifMusbimfea1606f @eoti@uitihe sel ected
tenperature. In an embodi ment of the proc t he OXIdgtIOH product gas, as

either the oXPHst %ﬁ “Bﬁ’“&dﬂ&‘?"tﬁ‘é%‘“li’cfdé%? forg C"ﬁ%ﬁ % e ERY PHE IO Msduct  gas
and/ or its wali@tiog@sdehdabk hﬁgﬂbcpcroexdwmttllcgga&ctemmp@au@oemﬁz af the@eéesAR0C, or at

most 300G, {he mvenrtrll())n tthcz()xxdancgl pi(%ructtggs (?r(l)tg\v/vgtﬁnt-éarq] ghxfted pr()(fflct tGIW(‘BLtQ‘J drsOdUCt gas or
20 shifted oxidation product gas) may be converted to a hydrocarbon product at a selected
temperature in the range of from 200°C to 400°C or a hydrocarbon oxygenate product at a
selected temperature in the range of from 200°C to 300°C, therefore, if the oxidation
product gas or its water-gas shifted product has a temperature above a selected temperature
for converting the oxidation product gas or the water-gas shifted oxidation product gas 1o a
25 hydrocarbon oxygenate product or a hydrocarbon product, the oxidation product gas or its
water-gas shifted product must be cooled to the selected temperature. In an embodiment of
the process, the oxidation product gas, as either the oxidation product gas itself or as the
oxidation product gas and/or its water-gas shifted product gas, may be cooled at most
400°C, or at most 300°C, or at most 200°C prior to converting the oxidation product gas or
30 water-gas shifted oxidation product gas to a hydrocarbon oxygenate product or a
hydrocarbon product.
Inn a preferred embodiment, as described above, the oxidation product gas may be

cooled by exchanging heat with the extracted gas, and/or the oxygen containing pas, and/or
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30 water-gas shifted oxidation product gas to a hydrocarbon oxygenate
product or a hydrocarbon product. In a preferred enbodi nent, as
descri bed above, the oxidation product gas may be cool ed by exchangi ng heat
wi th the exwoaabagsgas, and/ or the oxygen contai ni ng gagrnanddszes:St eam i n
the first heat exchanger 11 and/or the second heat exchanger 17. The

oxi dati on product gas nay be cooled by up to 300C, or up to 250C, or up to
200C, or up to 150C in the first heat exchanger 11 and/or the second heat
exchanger 1.7. In an enbodi nent, the oxidation product gas produced by the
catal yti c pasttanain tiexfird &tdt ewhdvgadt iaatiorole sedvad axxdizagofl 7. S5Tihexeidract ed gas
and the oxygen

from 400C upp 8m9%&%hgk gm%@ﬁbﬂ gmggéggggff%(itg%gggﬁgﬁa%&Pgnﬂﬁéﬁture °

exchangi ng heﬂheﬁmﬂhabﬂﬁmgmﬁmamW&dhga&mamdﬁamhm@edaxygmmmbmﬁmahnhmg gas
and/ or st ean})xuﬂltl !H %19(%101 éah§r0];illlcr ér t?g 9 Eaflyquc )dr?igig)g{ge%o% 1‘(%%%% (Sf thtel}]nen]gi%rgcp nd heat

exchanger ure '6m 250C to
400C aftef b‘éﬁp nrgidetod)i,cedncbiw wefhl dqetammex&haﬁ@etwnim steamnhee rivoderrind of t he

oxi dation pr RQHQB%@V@ [)ut n!)t 111(%%1;11%r G(ﬁaé c]-c Ge‘ﬁ% c%?ﬂ%ce&(f‘l}mi 6{9%&';%981' ed by

heat exchange wit nltro separatlon
unit 8, or oﬁlheﬁmactedm@md/mnilccmﬁ,oopommla@ g pwdebr siemn ingxtbh dredast e 9,

pref eranty ab it i o s Ay MBRLAACs) Ol 86 o FBR A0 Bragflc oSt 1 00C

In an enbodlnent t|on its er-gas ‘s
product is nﬁmﬂéaoﬁed2&V0h@amﬂémtmamgaxmkﬂhymhthM@mmmgﬁd gas, 15or the

oxygen cqQptainin , .St J e first h r 11 or
second hggt exchg%gﬂ%ﬂf%?mﬁﬁ%g?é&%gﬁﬁé%ﬁg%sﬁgkﬁhgiéﬁgﬁgggéﬁaﬁngg er, steam
li qui d nitr oepeaeoled biniorhaaclange vatpertatsicom, liguidmit®genfronptheir spaetiantiti n t he one

or more thirg, E@ﬂ% gaﬁiﬁg%gﬁ.‘é&sm%thha’ﬂ e;RhSa 561k ?@g%’?ferlbgﬁ H%JCOS} oPr oduct

gas is cool ed ange wt & extract or the
oxygen- contamnuﬁ@V@asdam@MEKPQHIQHWEtE@ﬁlHmamhﬁxﬂmﬁstﬂheawaemphamger 11

and/ or 20 th RN er—ggsagln §§ 81*0 91% not coolg‘ﬂg?{e%lt%?ﬁg: em} {hXhe exg ac?e%%logld

oxi dati on pr‘%uct gas -or d by
exchange lof ¢raka Oxmeul Itrowanleg gasgir eamfstd;anqu ithe fimdt iwd@g@hﬁ%‘ri d m0t feeordibpatsepar at i on

uni't 8. or oS IOLAL oldl0eRDEN A URE kDb, NEAL EYEAINAGES 6O, Véter

or steam or ot cool ant nm one oOr
25exchanger s253Par#ion ughs, |0nptbctl cpglgginglre eie opmeie Jupdhaat excdeifepis 89.eMerct o cool t he

oxi dati on prggugbly 9ﬁ§0x@(ﬁt1¥@[§r§({ucﬂ,ﬁ$1@%961@&1@@10‘9)&!(@1@@3%11B{cQgﬂf‘f&edgﬁs to a
sel ect ed tenperature | ow rate of the water st eam or Ot her cool ant

to the one o r‘?b?’éO{‘)nglf’%P“F?@é.'tg gé&@ﬁé’ﬁ@étﬁ%““‘ﬁﬁy“ B@flb%hwfaqcvdéamﬂyala’éﬂrustu ng
third heay exehangeracmhaBdi7nlalbdgadag 18 eolddbxaRu@harltiRNrisheat ed st eam

produced fr O\Q;tgzog?il ‘I;h;fgcd&)po%ug )étlmqg golo cg bjF/) gﬁg zhll(f:;rt: 0 %e?t w?irh v&dpc? s)tlt\:gﬁl 1qu1%as shifted
nitrogen from the air separation unit 8, or other coolant in the one or more third heat
exchangers 59,
Water or steam or other coolant may be fed to the one or more third heat

25  exchangers 59 through inlet line 67 at a flow rate sufficient to cool the oxidation product
gas or water-gas shifted oxidation product gas to a selected temperature. The flow rate of
the water or steam or other coolant to the one or more third heat exchangers may be
conirolled by adjusting third heat exchanger coolant inlet valve 69. In an embodiment,
heated steam produced from cooling the oxidation product gas or the water-gas shifted

30 oxidation product gas in the one or more third heat exchangers 539 may be fed to the first
heat exchanger through lines 61 and 85 to cool the oxidation product gas and to be mixed
with the extracted gas and the oxygen-containing gas in the catalytic partial oxidation

reaction.
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30o0xi dation product gas in the one or nore third heat exchangers 59 may be
fed to the first heat exchanger through lines 61 and 55 to cool the

oxi dation product gas and to be mxed with the extracted gas and the
oxygen- cont @igig4g@as i n the catal ytic partial oxidati egrigansdios:

In an enbodi ment, the hydrogen content of the oxidation product gas may be
i ncreased by contacting the oxidation product gas, a water-gas shift

catal yst, and steamat a tenperature of from 200C to 400C in a water-gas
shift reactor 71, where additional steammy be fed into the water-gas
shift reactor 71 Ils an&galdinsaheaﬁhj/dad:@ﬁ cd:italEofTﬂ& 0xi%l®ﬂi01le)1(cain¢:llgés,m<51tliae hydr ogen

content of th g | oduct incre oxi dation
pr o duct gas ImS :cg%d 011Pactn10 éﬂdtati dn(r_cling (a)qca M tgrﬁgd(s) ?(1 i c&t‘llpt aln q-tea-m LA hanol |,

since conver singaratfe df ﬁemdﬁ®°diab H@AC pramhmtgd:gﬁs"t toia ’Fhwdmmcaammal seépgenat e
may require ‘)equg ntQ tﬂe Wi 5‘13%9 EhtlfP reac?oz ’J@g (%u&ﬁl stefpn]g %fﬁ*’lne%;l é"ahc%&amolgen than is

present int Y oxi-dat | pr oduct gas,
a wat er - gas §h|hf/dwzg¢atcaitgr$of thcamdlat;culﬂamuatgaamMeemmsedttﬁihteoxmfmﬁlr om 200C to

400C in the E%g&'i r@&o%@&oﬁ&e ﬁ%ﬁf}?mﬁ% &%Qy%%té e.&qgaﬁﬂol%%&n&grs&ﬁd steam

to hydrogen Erbon di oxi de as ere the
product i on offthyedgenrpdiceseiogdyilioedtop ok ppentagaysequire apeheit ures in the

range of fromn%&%ﬂn% f}Q@ pfiesﬁwomycmen DLER BRES faftheeo&fam pRRLAQR di oxide in
t he oxi dation 15produc he tenperature at which the oxidation product

gas i s contact ed Ghptesf of H’é Owétt@vp’ga%ctgﬁaWdfw@h%hgféwﬂyet BHsERP atthe reacti on

may be sabecigflch@rcadbabodtgo Ji(%*’@hft)(@wﬂ&'g@af shiffedcbr 0f canRérRemuipnoxi de to
hydrogen, where |ower tenperatures within the range of 200C to 400C result

i n hi gher coﬁ\?@?"é‘icd’r‘fjﬁdnﬁaﬁmcmﬁb%d@ﬁd%rﬂﬂBﬁ’sdl oxi de and thus a hi gher

nol ar hydrogen to carbon nmonoxi de ratd@,0 aud,hirgher tenperatures in this 20

tenperature ran result in | ower conver n of carbon npnoxide to carbon

di oxi de and PHOS 4PIgHEPT wepgww*s@&wﬁwo YRS TREAERT B R8Tt han

wat er - gas shiibh 20@868 400PS ddspitt (B presoiiR lof ¢:REEP e4rBdnlliR Sl M thbbRdatibe t enperature

range. Tt]ﬁ presence %f carbon diqgxide in the oxidation ptrggﬁlvlljtct gas hel ps
t'he

i nhi bi t pradiet gesn o PRIgTAIEe HorAbdlG QiR ugR Ty Y It FoRge t4¢bon nonoxi de
present in theeos cdad toaygproeag the gastidnandibe dgen tealjustad retabie: nasliver - gas

ratio of carbon monoxide to hydrogen, where lower temperatures within the range of
200°C to 400°C result in higher conversion of carbon monoxide to carbon dioxide and thus
a higher molar hydrogen to carbon monoxide ratio, and higher temperatures in this

20 temperature range result in lower conversion of carbon monoxide to carbon dioxide and
thus a lower molar hydrogen to carbon monoxide ratio than water-gas shift reactions run at
lower temperatures within the temperature range. The presence of carbon dioxide in the
oxidation product gas helps inhibit the reaction going to completion and converting all
carbon monoxide present in the oxidation product gas to hydrogen so that the water-gas

25 shifted oxidation product gas may be utilized as a feed to produce & hydrocarbon product
or a hydrocarbon oxygenate product. The water-gas shifted oxidation product gas may
contain primarily rydrogen, carbon monoxide, carbon dioxide and stcam.

The water-gas shift catalyst contacted with the oxidation product gas to produce the

water-gas shifted oxidation product gas may be a commercially available conventional

30 water-gas shift catalyst. The water-gas shift catalyst may comprise a catalytically active
transition metal or transition metal oxide selected from the group comprising Fe, Zn, Cr,
Cu, Ni, Co, their oxides, and mixtures thereof. The catalytically active transition metal or

fransition metal oxide may be supported on an alumina, titania, zirconia, and/or silica
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25shi fted oxi dation product gas may be utilized as a feed to produce a
hydr ocar bon product or a hydrocarbon oxygenate product. The water-gas

shi fted oxi dation product gas may contain prinmarily hydrogen, carbon
nonoxi de, cewbom/disoxi de and steam The wat er-gas shif teccatalystssgont act ed
wi th the oxidation product gas to produce the water-gas shifted oxidation
product gas nmay be a comercially avail abl e conventional 30 water-gas
shift catalyst. The water-gas shift catalyst nay conprise a catalytically
active transition nmetal or transition netal oxide selected fromthe group
conpri sing Feyppdn, In @1 emiQdimel, the @oter-gdachift caxiy< esy barhebnivnprresdt her eof . The

catal yti cal | %mac El%gézl p[ﬁl Ltll!irPrforrr% fﬂ*cac?ons canfﬁlorgcmpﬁrﬁerc%lwn? §0d§ ey be

supported on aﬁnc Zirconra, ica I n an
enbodi nent '@HDIECVmﬁrei’im@aSmﬂsbﬂnﬂxbnt dabahlygtndyrayatdhea mmmmmmsmmeﬂ) magnetite

(FO304), r , at.te tur es from
350C to 400(2% ‘g:(goagrq“gﬁ’g /?‘lhegh%o pfrﬁcé‘?élét%lﬁ/lsteaﬁaom %Peﬁ{ fh a mxture
of CuO (36- 7&mptmﬁ@e; oA I(@ﬁ: 5@M°£°/() Prcﬁ:mlilyAllc‘Z\&Bex(gSs shitOcavtysO8 suppatetli cul arl y
for shift reacti @dﬂgégﬁiﬁ %t tenperatures of from 200C to 350C.

Preferably tH’e talyst is supported in a fixed bed in the
shift reactor 71.Thdkstesyfetendutdn tognausstol thg ptehvat pradessaydie colfeupd esent

i nvention ma i ng, Q Iy, dependi ng
on the cooli %orp&dg&gé lhgg’g)?gb %ndﬁ}pg%g&dfﬁ Ep&oﬁ%d&%ﬁleﬁ@ﬁ ve hydr ogen and
car bon rmnoxled@l@d@m tbeelage lb’ld@f:@andlaﬁtrb@nnqammtomw thasxittgiobprodesed as a

f eedst ockyt 0,4 a@ae%&ﬁ@alﬁedﬁcpmgﬁda%& (ﬂgrébqﬁg})rogﬁct@rdhydr ocar bon

product. As note bove, the oxldation product “gas may fed fromthe
catal ytic pahxdi%ftrb@wrathrpi dii npledelony: ﬂm@xxd@wﬁlm@dmt lgé%mﬁé’éth‘iéW@Hh%ger 11

and/ or the sgepid phealoxR¥ENANOEF 1344 1k ot ReaxcRNERINGRYMilRedohenaxt r act ed
gas, the oxygen containing ﬁg énd opti onal lil steam through lines 19 and
s allo] o

21, where vawwg%?’éme@sxc hﬂ?§é’8’”3‘€‘8‘1 griRs B eepspraining gi B t he

oxi dation pr qﬁuﬁmlyg@ﬁn ttﬁoﬁgnemésasae&zu Weerk maﬁ: 234 23econduReatcotrxghangers 11
and 17. 15 fd (ig % S own)ithe oXi atllﬁ r(g]d_uc_t ]%as rrlgy be fed
fromthe tat r@we ‘b‘é?’i‘ 4 “1852‘?“8‘3&&?&%1%‘8%?8?‘8? HEAEORBERECTHBEL® ¥xchanger
for heat eXChﬂflgein\mlnfbhb(bnhﬁmﬁ{ﬂofzﬂhﬁ@@dh@ﬁ&hﬁ@hﬁo@&)@ﬁlﬁamﬁt@ﬂrm g gas, and
optionally Staﬁ

heat exchang@r ynﬁx?‘lrbg Of‘goflofclg&ftﬁrdtoﬁ’el’sg%%}%d} & }%gugtrflorg XCﬁantﬁ!f)?vﬂ? b’?ﬁgr > ggglnid ng
by exchangi negtrixeat ganititchoxydre-cexdiniag gaecing alstgonallyetemqy@é thecoritdaixifatiep gas, and
product gas exiting the second heat exchanger may be fed to the first heat exchanger for
20 further cooling by cxchanging heat with the extracted gas, the oxygen-containing gas, and
optionally steam.
The cooled oxidation product gas exiting the first heat exchanger 11 may be fed to
the water-gas shift reactor 71 through line 75, or, may be fed to the one or more third heat
exchangers 59 through lines 77, 79, 81,and 83 without passing the cooled oxidation
25  product gas through the water gas shift reactor 71, or may be passed directly to reactor 89
for converting the oxidation product gas to a hydrocarbon produect or a hydrocarbon
oxygenate product through lines 78, 77, 79, 85, and 87 without passing the cooled
oxidation product gas through the water gas shift reactor 71 or the one or more third heat
exchangers 59, Valves 91, 93, 95, and 97 may be adjusted to control the flow of the
30 oxidation product gas from the first heat exchanger 11 to the water-gas shift reactor 71, the
one or more third heat exchangers 59, or 1o the reactor 89.
Similarly, the cooled oxidation product gas exiting the second heat exchanger 17

may be fed to the water-gas shift reactor 71 through lines 99, 101, and 75, or, may be fed to
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optionally steam The cool ed oxi dation product gas exiting the first
heat exchanger 11 nay be fed to the water-gas shift reactor 71 through line
75, or, may be fed to the one or nore third heat exchangers 59 through
lines 77, 7%0 Bdymamdr 83 w t hout passing the cool ed oxi datwno@bpsaeduct gas
through the water gas shift reactor 71, or may be passed directly to
reactor 89 for converting the oxidation product gas to a hydrocarbon
product or a hydrocarbon oxygenate product through |ines 75, 77, 79, 85,
and 87 wi thout passing the cool ed oxidation product gas through the water
gas shift reaMMmeommxomuuh@xemmmgﬂsﬂmemmﬂnmd%haﬁtﬂexthwn@eﬁ$m59 Val ves
91, 93, 95, t t1o | xi dation
product gas n‘??he ?(#r) 03 %n od%(q g%‘s thl%gli{]l E \L%tgrrl:[%?_ghlfp \QI%CQ(II 7%,2}2 n ag% f eact or
71, the one mnwwbh®mbﬂ®mdﬁM§aﬁnewwwmngémsmmgOdeummnmnégmea@tor 89.
Simlarly, tk t 0 eat
exchanger hﬁ%ﬁ/éﬁ@oﬁ? m% ga& Hﬁﬁ)llaca%o(?l%%sﬂg@ﬁ @é{ t&%)g% %l?@ iﬁﬁh?%lﬁgh | i nes 99,
101, and ?5 apyf 87 Wﬁ‘}’“tb@’bfl’é@i’t‘:@o‘?q'féﬂ@h@ rapduptgesthrongl g Wearzedeitmager s 59

through | i nesy99ne 4R mzr%,unﬁ:lmﬁ@s?eh&%;cmb hwtfcsnazsanmgs heoran)gd oxidation
product gas thro(@h t he as sh react or or, may bhe passed

directly to PHAHY ?“B’@Olf%‘?ﬂ 1&"("!%@‘“&“‘1@“@@6‘] fé‘t!“ 6‘52 segatd s eb‘fl’é’éﬂﬁbt gas to a

hydr ocar bon py educat@rga@shity@sdds 31 iRone Xy 960 afia hi ogtized B9,0L@hhd | nes 99,
101, 79, 85, band 87 wi t hout passing the cool ed oxidation product gas

through the Wat%8r%%as shift reactor 71 or the one or more third heat
exchangeri® 59. Vabptesald(dy ledQBsferdtSy, ti&nﬂldgﬂonﬁﬁnﬂuh@aﬁdhmsﬁ(ﬂﬂ ydegtontrol the

flow of the oxidatio r odu a nger. 17 to the
vt orgas. shiPoReP PSR kU bé SRR R WERbERERERAE N "o Oor o

t he reactor 8@ihﬂ®ﬁbxummhm¢ymmmg@slbﬁﬂlmﬂﬁhe&abhyﬂyﬂhetmxmdahcQmu@roduct
gas is not cooled, by fedl, 82&‘8%&\9@[?"}%,5!}&& Q?m&xﬁ ré?-ﬁ%z%ﬂ h@ﬁ%xc%ﬂ 43

oxygen-cont ai ni ng gas, and optiona irst “setond heat
exchangers 1theagagtonss fopepvartingfescitiaany ¢dyctfgﬁ@mdthh@0<@ebpa D)yytgpl@tepmctuptal

oxi dati onsreggsy dlolgfb(;n%r&]ur‘:th &he $Mtt)§y?1%r@(§ucggﬁ§ m%yhbcf fod ﬁlﬁ%ﬁ} fbm 71-1' catPlhticd third

heat exchanger 59, or the reactor converting the oxidation product

gas to a hy P&t CleHIB Kspgenidte the Matres shif grretar Hywics dsiaesrsrotet . The

oxi dation prgdugin, g@ﬁucvgasé ifont 8ol 64 Mg ﬁtn@&&&a!a% 16 B Rhs¥ ltleGndpR kdubal
oxi dation reactor he water-gas shift reactor 71 when the tenperature

of the oxi dafflyfrogege aebongeaoxide mthsraxzade pmsiumet'l“éeﬁax’ﬂetﬂon @m@@éwabl eto

i ncrease t he rglqﬁb@fcd fiddctiP o t}méﬁﬂil?&elﬁxﬁapo;ﬁ@h&%ad?ﬂ?rwmtﬂ@rchdbr%b%h&%' dation
pr oduct e oxidation product gas may fed directly fromthe

catal yti paf'1<=|0é1|datt95aupa>&vqt &t hrl%ﬂat@%@*atwg of %one %%0 & &xt00dr agdhayiftiong t he

oxi dation prgeistk pAaSuias! @plo@¥PE [@firwa@m@{m&dcpgas Bp\Q@ntﬂ(& &Q@@nafmu&he
oxi dation product gas is utilized to produce a X rocar bon product gas or

when the oxi &#tirohicHpaie ! fas200as t%%énﬁ@ﬁlﬁtq&rdé 1 Preduelep o piEtize$to300C and
t he oxi dati oproRkcRdUGdro@dSn b pbtatel fr&RE oh® The oxidation product gas may be fed

dircetly to the third heat exchanger 59 when increasing the molar ratio of hydrogen to

25 carbon monoxide is not desired and when the oxidation product gas may be cooled
sufficiently in the third heat exchanger 59 so that the cooled oxidation product gas has a
temperature of from 200°C to 400°C when the oxidation product gas is utilized to produce
a hydrocarbon product gas or has a temperature of from 200°C to 300°C when utilized to
produce a hydrocarbon oxygenate product pas,

30 The oxidation product gas may be fed directly from the catalytic partial oxidation
reactor 13 to the water-gas shift reactor 71, or the third heat exchanger 59, or the reactor 89
by directing the flow of the oxidation product gas to the selected element while precluding

flow of the oxidation product gas to the first and second heat exchangers 11 and 17. The
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produce a hydrocarbon oxygenate product gas. The oxidation product gas may
be fed directly to the third heat exchanger 59 when increasing the nol ar
rati o of hydrogen to 25carbon nonoxide is not desired and when the

oxi dati on pwoduetisgas may be cooled sufficiently in thedingeoheas:
exchanger 59 so that the cool ed oxidation product gas has a tenperature of
from 200C to 400C when the oxidation product gas is utilized to produce a
hydr ocar bon product gas or has a tenperature of from 200C to 300C when
utilized to produce a hydrocarbon oxygenate product gas. 30The oxidation
product gas msijative pfodatt dismegbb yirdered fromhies cemlyad pariiad opdativh ebcteXBdathi on
reactor 13 t r h changer
B Cor the rgvg%[]gas‘é@g?%c@ﬁﬁm%@pm%s 5&%‘&‘1% w?l(;!ib]yg %Tz*f%&@‘rp%% c?l%m tﬁé‘ct gas o
t he sel ected ﬂeW@ﬁélmmeh ewmcegﬂb@dmnlg: dtabyvic prtia] g dagien chattprda ttpth@duct gas to
the first and.aeeaidah rﬁxq*ﬂ@&g@a&@n&%d@ngdq%b Jhcc@nbiakiapRy oduct gas
may be directed fromthe catal t1al”oxidation reactor i§

wat er - gas >shiPfrtialosigetionreactar Bug HW Iﬂil’rﬁ'é@dt Fohansgr thoseh e Tdand 81, \ﬁé@ihQ 7 and 107

may control blagadoh pWaed edshe ‘BE‘H:%ICH AhPraded t]gﬁ%h fh'éqlmqt':’b@ncpﬁ i c
partial oxi dat| on reactor 1 he water-gas shift reactor 71. The

oxi dati on pr Gdtetrsiad seraRd hset eﬂ‘?l‘ﬁ%t“éél apd Bire 1’&?&%‘%&1")}’@&"@“5%&#‘{@? at oxidation
reactor 13 teandise thi rd heat exchanger through lines 79 and 81, and the

oxi dati on product ! gg di rect.ed tg t he rg@actor 89 t.hrough the lines
79 and 85. Flow t’h 'P\Beﬁ‘e“} V"aﬁlcfe‘é"é’&%‘ﬁ Rt og EWQFF@%?@“%‘T’C&% 17 may be

pr ecl udedoby cmamwpgoﬂcahdﬁﬁmlngawaﬂdmﬂﬁ pm@lﬁct(g@sl”to bec@e@mci ahmyenocaxlﬁbncer tain
enbodi nent s nvelatl on, cert

asior ﬁd%ocal%on (aca'%(inatc RIO l(lCt g%s maa{oﬁ \(}Iél}‘ I’l}ei e? ﬁn %f?%lcar bon

condi ti oni ng foﬁum BX| da
product gas eombalitwnt @Q/auclbdqir eﬁ“xqtiggﬁrapwcq;w odbcitvaybien Irmyndnelchum tted.

Therefore, ig,cert W‘ﬁ £hhodi nents, a systemfor effecting the process of

t he invention nee ot i ncl ude unnecessary elenments. In an enbodi ment, for
exanpl e when the Tmﬂi ehaladipreniy foo dueplegesn jhe okidatlve prodect sags ta bd Bfededst ock for a

Fi sher - Trl@ps?elad&&ﬁ%ra@ﬂhmﬁ@orﬁgfﬂr{:}c’h&pﬂ%dd&%gﬁﬁﬁl o@%dp@c negdedmkn the

oxi dati on product gas, and the ste cont ac t he oxidation product gas
with a wat er O¥auion piofyct gt aarl sl aeanaging K Oé@mm%!ept gpsrvithty vetsnbodi ment |

the water - gaﬁdsamtfchtai@@a@&qlrm vekoftRYied Gin @XCdnbdgichcht BB WhIRL S Visk @mbion
practicing the {:))rocess of the invention, and the oxidation product gas may

be fed from PREDCECHSHTm Beppenforgrciciiy Brppeestd die iventey. %nﬁéhcn r st

oxidation product gas may be fed from the catalytic partial oxidation reactor 13 to the first

20 and/or second heat exchangers 11 and 17 for cooling and subsequently to the third heat
exchanger 59 for further cooling, or the oxidation product gas may be fed directly from the
catalytic partial oxidation reactor 13 to the third heat exchanger 59 for cooling. The cooled
oxidation product gas may then be fed to reactor 89 as a feedstock for conversion into onc
or more hydrocarbons or into one or more hydrocarbon oxygenates.

25 In an embodiment, for example when the water-gas shifted oxidation product gas
exiting the water-gas shift reactor 71 has a temperature within a selected range of
temperatures for converting the water-gas shifted oxidation product gas to a hydrocarbon
product or a hydrocarbon oxygenate product in reactor 89, the step of cooling the water-pas
shifted oxidation product gas in one or more third heat exchangers 59 need not be

30 conducted. In this embodiment, the one or more third heat exchangers 59 may be excluded
from the system for practicing the process of the invention, and the water-gas shifted

oxidation product gas may be fed directly from the water-gas shift reactor 71 to the reactor
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20and/ or second heat exchangers 11 and 17 for cooling and subsequently to
the third heat exchanger 59 for further cooling, or the oxidation product
gas may be fed directly fromthe catalytic partial oxidation reactor 13 to
the third heatze@xaésanger 59 for cooling. The cool ed oxidatisamopssiuct gas
may then be fed to reactor 89 as a feedstock for conversion into one or
nor e hydrocarbons or into one or nore hydrocarbon oxygenates. 25l n an
enbodi ment, for exanple when the water-gas shifted oxidation product gas
exiting the water-gas shift reactor 71 has a tenperature within a sel ected
range of ten@Bensatfacdeck for conamu@rihionge drmervilexaryas osintofohed oot dat i on

pr oduct gas %\mgmq%nggc%&pon product or a hydrocarbon oxygenate product in
react or t'he l Of ¢ oollng t he water-gas shifted oxidation product gas
in one or nDre thmﬁdcm@akmmx@hangﬁwSWBﬁiﬂe@dwnwmﬂbﬁhﬁﬁnG@MUmmxéd1nIn this
embodi ment . WS MoaT0LR, b G 6 EAARBOIRSion Bl gRGxGlled rom
t he systen1for racticing-t process o e i nvent 5 the wat er - gas
shifted oxi d&es sgﬁt opielyetuetd 1@&@ quacyxcwé angd) wlicn g pkigatiop orerlech eassiting thgas shift

reactor 71 t@dt&i%[fdﬁﬁ?&}(%&tlmﬁ%acﬁﬁ oPthE &%Q%togg‘lﬁl()fl gfod&@wﬂfgaﬁcqnsﬂh@ito one or
nor e hydr ocar bohs or into one or nore drocar bon oxygenat es I n an

enbodi nent , d%&%HﬁW@m”WﬁéH“@f&ﬁ6“%ﬁﬁﬁﬂﬁéﬁéﬂmHVﬁ?H@éﬁmﬁﬁﬁdﬁﬁmneeded in
t he oxi ﬁati OHanQ(E &délﬁﬁcm@ﬂ@;h ff&%n&chﬁilgﬁk%ﬁld&f{)ﬂ@ﬂﬂﬁ@%ﬁgltﬁlghﬁ(ﬁiﬁ‘:&l@&l ﬂaaué:aszi p\rNﬁduct
gas with a water- 5gas shift cata not be co n en
the oxidati oﬁs‘b‘{'%ﬁ%’t‘ ORI 9 Fﬁé"rgg’t g‘i W.OEC%%?FP%F ‘83‘(‘1%%&’?‘6‘”‘3'3 eact or
or the coal e(stOMihdaﬁﬁdt@@a&#);hﬂ'Cﬂd&Iyst&%td1lolﬂﬁb doh@nclett Eu&tthd’}&@tof emh@mger Il and/ or
t he second heat exch ect& range of

L emper at ur e O BY Ok BROBY F1a5 e HACLRr AN oR Bl auted gatn Bg°G 555t or bon
product or ahéwy cctogerb8hnook ygbnadngugoado dutbis cmhodareamttmarwﬁ@,gdstshét sicep oOf

contacting tgfdxgmlec%% ﬁor\gqigr(a%&%tc%:ﬂg%ém%{‘nﬁy&e §da- Q&ﬁtllﬁ u%ﬁfgatal yst need

not be condu hevVst'e coo e oxlI dat’i on gas or the
wat er - gas shpfattechedbd ml‘aicssc@ﬁthpnrtmmm ag@élc pmd%mep@duorcrm@wv I*w fed dhesdly

exchangeryg 5 %oﬂ%dudﬂ%%pﬁuﬁ QnalGh ?cqu la t(g @E ﬁd&gm@(%mﬁc coBIQ@omttlgﬁ g as

shift reactor 71 and 'the one or nore at exchangers

excl uded f roﬁioti'lf?ég@yiwéﬁfcﬁéflomrﬂlfa@ﬁﬁbé%fﬁ@ﬂl#%éf Uragdaxtyc spondpheat P)ﬁ:\b@w on and
the oxi dati opy grRpGlndasoigy be fed directly 15 fromthe catalytic
partial oxidation reactor 13 to the reactor 89 and/or the cool ed oxidation
product gas may ¥ aegleriedrigprerates.fin prsempedipend sitaingd Jesooline. J5@xigiti®he second

heat exchanggfoddel ghlioF @6 Rvgﬁér—ﬁc@ shihal dxﬁﬁﬁ(gﬂié()(ﬁ& gas is reactéd tﬁ%rﬁﬁil lgﬁﬂb&ﬁ’bon |
terrper at I N one odl nent it e cool | at 1. on pro uct
Gas or 1 HE aLEFEEROEH Y B PR PrTHt G RYh ¢ et 1 or m
hydr ocar bon 24, mx&gelpa@&lmmdmﬂim@&su prﬁdlﬁlflﬁ;li(ﬁﬂfﬁ Whﬁreilﬂmmmbl,odm gdssrreacted to
forma hydr Oﬁar bpe.trﬁegrsf)gecgo% ! O(I;]li plgc{uat Lh‘:lq m g)ége r8d0!:6d§0 1%rm [nfgop oscgrrl])m{ eacti on

product m xt ure’ Oxi fhe A as Shifted
oxi dati on pr odgotategasivemys e hpﬁa@rlmd ptodudt gassrhyaom@odng)mambmnommygen ate

product gas g1, A NALOGRRANNLAAA0ER RS, SRNLACLING HDS AL on

product gas er= a selected
cat al yst 25 Theroduet ghatoi tlm water gat; siufted oxidation pmduct ga&; may be contactcd with the

selected catalyst in a reactor 89.
In one embodiment of the process of the invention, the oxidation product gas or
water-gas shifted oxidation product gas is contacted with a catalyst selected so that a
hydrocarbon oxygenate product gas may be produced by contact of the catalyst with the
30 oxidation product gas or water-gas shifted oxidation product gas. In this embodiment, the
oxidation product gas or water-gas shifted oxidation product gas may be contacted with the
selected catalyst, preferably by passing the oxidation product gas or water-gas shifted

oxidation product gas over and/or through a fixed bed of the catalyst, in the reactor 89 ata
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25product gas or the water-gas shifted oxidation product gas may be
contacted with the selected catalyst in a reactor 89. In one enbodi nent of
the process of the invention, the oxidation product gas or water-gas
shifted oxidatienspioduct gas is contacted with a catalpstyssebesked so that
a hydrocarbon oxygenate product gas nmay be produced by contact of the
catalyst with the 30oxidation product gas or water-gas shifted oxidation
product gas. In this enbodi nent, the oxidation product gas or water-gas
shifted oxi dation product gas may be contacted with the sel ected catal yst,
preferably byenpassiag fivhe0o®xi 6 3d0cONTE O@UBE hgRSabbn wWakekte@asiuglihd t ed

d d d/or th d | i
Che reactor 99 & CAPdEEPARGP B EPR oD £ Bt e oS dr i ng

hydr ocar bon ﬂ‘)e)hgdiﬂ@tlﬁn pmgdwaatpx@ﬁa gaetypibely eefpive s ednofatude dYbmmoardon

oxygenat e gag §¥ and carbon di oxi de, where the hydrocarbon
oxygenate pr TSR “’f’%ﬂ’i‘:é"ﬁFtP ey have a tenperature of from 200C to 300C
upon exitisng the Iﬁe@&fdﬂ{:d &fbodient tae wd&fcabdslﬁaiy@mogsom& byt databrysgfl@car bon

oxygenate pr od ced b ont act of oxidatio t er-gas
oy Pred oxt aRHR" ptter <fStofin 1ty teE b P et B e Biper o ur e
of from 200Caﬁa1er3@:®eﬁarb sf fromt T08MOto.30THESs memedot. i Ty rdyidigicdrobabonoxygenat e
product may be co ed of netha nd, car.ban di oxi de.

Vet anol "y BSOS S he PO AT ol BroBReT, ot P ST Ha e er - gas
shifted oxi datethem! i@pbokitndd igashacddtion prgdu-gat trahd ‘@dtducgm shffteri @@iditioon: CO +
21-12 Q| %Olaljod s%cc%%lﬁ;qgthgk‘o%%vglgr&i@tYonbe i nvol ved nechanistically in the

reaction, ea es n"rate. The large quantity of carbon
di oxide in the oxidation product +gils “oftiie wat er-gas shifted oxi dation

product gas, wﬁﬁ]’@Eﬁiﬁ(ﬂ@ﬁmld@ﬁlayﬁ@ifn%]véd%écﬁagi{ag@tﬁ?mttheercécﬁgr? ab@reab TRt hanol  may
be formed from contact of catal he oxi dation product gas or the
reaction rate. The large quantity of carbon d10x1de in the oxidation product gas or the

water-gas shifted oxidation product gas, therefore, is useful o increase the rate that

15 methanol may be formed from contact of catalyst with the oxidation product gas or the
water-gas shified oxidation product gas.

The catalyst useful for catalyzing conversion of the oxidation product gas or water-
gas shifted oxidation product gas to methanol may be selected from conventional
commercially available catalysts for effecting conversion of a gas containing CO, Hj, and

20 optionally CO;, to methanol. Such catalysts may be formed of copper, zinc, and/or
aluminum metals or their oxides. In an embodiment, @ methanol catalyst may include from
0 10 20 wt.% Zn, from 40 to 50 wt.% Cu, and from 40 to 50 wt.% Al In one embodiment,
the methanol catalyst may be a copper-zinc-aluminum alloy.  One such alloy may be
formed of a Cu/ZnO/AL Q5 mixture,

25 In another embodiment of the process of the invention, the oxidation product gas or
water-gas shifted oxidation product gas is contacted with a catalyst selected so that a
hydrocarbon product gas may be produced in a Fisher-Tropsch synthesis by contact of the
catalyst with the oxidation product gas or water-gas shifted oxidaiion product gas. The
Fisher-Tropsch synthesis is a reductive oligomerization of carbon monoxide over a

30 heterogenecous catalyst that produces hydrocarbons of various forms including paraffing,
olefins, and aromatics, where the hydrocarbons vary in carbon chain length and/or content.
In this embodiment, the oxidation product gas or water-gas shifted oxidation product gas

may be contacted with the selected Fisher-Tropsch catalyst, preferably by passing the
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wat er-gas shifted oxi dation product gas. The catal yst useful for
catal yzi ng conversion of the oxidation product gas or water-gas shifted

oxi dation product gas to nethanol nay be sel ected from conventi onal

comer ci al | woaaiikasht e catal ysts for effecting conver siran/stoowvogas
containing CO H2, and 20optionally CO2, to methanol. Such catal ysts may be
formed of copper, zinc, and/or alum numnetals or their oxides. In an
enbodi ment, a nethanol catalyst may include fromO to 20 w. % Zn, from 40
to 50 wt.% Cu, and from40 to 50 wt.% Al. I n one enbodi nent, the mnethanol
cat al yst may okidat@n poppe pasoi waexajdusﬁiﬁmdmmidhtiooy)rodwgassmhn@[blltlmyougiaty be forned
of a Cu/znd of the

i nvention, tﬁgé}o]n%jg?gﬁ%ﬁy“ %31“’”’ tor%&%at%ﬁ%}%quwﬁonq {§4§§(°:&ga I on product
gas i s cont abydrctarkion hoalccai%aiaysctnt@ecbnect $drc$§odrbdadmxlsah)hiya:bemcab¢non product gas
may be produ S at al yst
with the oxi g%? llﬂilfjﬁnéiqgi ul'(}ed ﬁ’g&‘ﬁ’gﬁ& dm? AﬁW%%OS@ggﬁ%gﬁl F(())nr]&gtlrngduct gas.
The Fi shep- Tﬂmp@cﬂqr@ynt hesis is a reductl ve ol i gonerization of carbon
monoxi de _over a 3OREALOAANEANS cABhAYBLial Nok: BEILGRSAYRNAGRL Dons of
various forns including par ]flns, I ns, aromat i ere

hydr ocar bons Tiapo) r¢sgtiqags HbnThepaidpivic eregudy &@r‘f@w@ﬂ incthpgagttic mlhaitl %Flgi

enmbodi nent , i,laﬁ;d@q&ad@tﬂogﬂm% mxy%gcga@ca%nwl&&aeqﬁﬁb&m A tirskrgxiglat i on
product gas rmay be contacted with the sel ected Fi sher-Tropsch catal yst,

preferably bymﬁaa% Piagict s senssallyager 8ot be peergted f‘g‘a‘@t%”rg“%\ﬁtféﬁ"“%%‘)“s‘ﬁl fted

oxi dat i ongpr Q@kede hYBGzeR Clter@BIdhOsxidati¥cQgiic@af price & obﬁgctm%thta Rgiagahal yst, in
the reactor 89 at a ttl?rrperature of from,200C to 40 T hydr ocar bon

product gas RRY'LEROEHCSRBIYG Ho Fractphid bt HFISEAOPsh M 6‘@’6?1‘“0%5% bon di oxi de,
and steam aptﬂ;dnﬁcymiemgdhbgar%a@maudi@argper ature of from 200C to 400C upon
exiting 5the rea referred h¥g‘58g’ﬁn to car bon nonoxi de

nol ar ratio for CI%"F&%’%&”M&” ﬁt‘gﬁ%‘}g‘ﬁ%‘f??&% P 'ft #5 rhe oxi dati ve
product gas Foehagpsd sy:hmesﬁatdabg/ielecteqbaomicaivczrt@aadtmnmbxylpiimhdiajoiehas a nol ar

ratio of de%(%ﬂ:er}rciprchq c%gtnlr\{g? ué%é% 1%}; 3'1{1%%0 ]ai; thfg cﬁglﬁgcglly (H:iqtg he oxidative

product gas genera € Su conver si on
to 10i ncreas eormodmgemmcm@ oeibls %mm@mxﬁ d’aand)(ﬁe 1peisbuksriodjaTalie, wberc t o

contacting t%aﬁ&kcﬂétﬁ&”‘uﬂrﬁ%ﬁﬁn ﬁg@ﬁal&g%ﬂéé&ﬂhgﬁh%m“gr Ehv%he reactor 89 in

a Fi sher-Tropsc e conversion to on product gas.
The cat al ystCQP@i@flfijllf* Cff g I‘éﬁéﬂtl‘aﬂr%@r@fab@n\lé?’ edtadyst By *tl?'i’eﬂ@;écém@l@h)fq:)roduct gas

ina promoters selected from one or more metals or metal oxides from Columns 2, 3,4, 5, or 6
20 of the Periodic Table or the actinides or lanthanides, where oxides of magnesium, calcium,
strontium, barium, scandium, yitrium, lanthanum, cerium, titanium, zirconium, hafnium,
thorium, uranium, vanadium, chromium, and manganese are suitable promoters.
The catalytically active metal may be supported on a porous carrier. The porous
carrier may be selected from any of the suitable refractory metal oxides or silicates or
25 combinations thereof known in the arl. Particular examples of such porous carriers include
silica, aluming, titania, zirconia, ceria, gallia, and mixtures thereof, preferably silica,
alumina, and titania.
The amount of catalytically active metal in the catalyst may range from 2 wt.% to
75 wt.% of the catalyst, or from 3 wt.% to 40 wt.%, or from 5 wt.% to 25 wt.% of the
30 catalyst.
The resulting hydrocarbon oxygenate product gas, from converting the oxidation
product gas 1o a hydrocarbon oxygenate product, or the resulting hydrocarbon product gas,

from converting the oxidation product gas in a Fisher-Tropsch reaction to a hydrocarbon
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F sher-Tropsch synthesis may be selected from conventional commercially
avai |l abl e 15Fi sher-Tropsch type catal ysts. Such catal ysts nay conprise, as
the catalytically active conmponent, one or nore netals from Colums 8, 9,
and/ or 10 ofvotzo@/ifsni odi ¢ Tabl e, where cobalt, nickel, sAararszecamgdesz:ut heni um
are particularly useful as catalytically active conponents of the

Fi sher-Tropsch catal yst. The catal yst may al so i ncl ude one or nore
pronoters selected fromone or nore netals or netal oxides from Colums 2,
3, 4, 5, or 6 200f the Periodic Table or the actinides or |anthanides,

wher e oxi des pofluaragyegiwally lwahsedingm git racibd 89ng 2 alrdgeanyepsetanidil umlingt t ri um

| ant hanum cer4 Lt and. Z1Lr.con whaf.oi i Ur ani um
vanadi um ch?ti)jrﬁ ﬁ{oigﬁﬂaﬁ%%gﬁ]gstg&gjﬁ %@%Bﬁ%g%}gﬁ%;@%@ %a$§t11¥he catal ytically
active net al hndigeathen pudpoes edy bhscpargot o tis: hydipgangeparayh éliypd sagscledar ri er may

be sel ect ed Eéék%é‘?% ré%&mtd@ﬁln%l'rﬂhtliﬂ@iﬁ; dr ?Jpﬁlt%ﬁ %; %’i%yﬂﬁkfﬂ @ Fo 8RS | Phayiel | cat es

or 25conbi nati ons ereof knownh in the art. i cul ar exanpl es ‘of such
por ous cafri epscylaly|uprde t%ECFXC@dlydfamljr‘??CrlfaPto N’éir‘i‘?aat,@f %1F%‘6ﬁ¥1_§%‘“0%é"ﬁﬂ%‘ Efal | i a,
and m xt ur es itogrRaf to nRIBAR QB Sl bt i Bmop @l R ihddflvddigani a.  The amount
of catalytically active netal in the catal yst may rangefromz %to

75 wt. % of the cati4mydpeen giariophiIPreferably 1T VER Soralie IGRIES {0 t 0 25
W . % of the 3ReatcahySdm the hydrockiven 6:8geHatciph@udtpel @ Gampdbcagboy gedad gaspr oduct
gas, fromconyerti.ng the oxidation product gas to, drocar bon oxygenate
o oduct o or PR peddibE Ry By e e PR R ey Tre

oxi dat i oriOpr eduggheg@sssira Eor Bxaaipl thd hpipspehsapaaied fron tdtedydodayign ocar bon
product, may 0 Ellla (:Inplal’(!>qdu¥t]§;?§0rQl?a_‘%s/na?rg)cgrgo% 1'(;[(19& %ser?d%thg\lcq[aﬁ)g?sglﬁﬁgf 'yd{5 pgen

separ at or 11958 e ogen prese drocar bon
oxygenat e pr dthact 2 Ydls, voule thabydhyedrboe anigontepraidd s gals hydycdymnpadattat ed i n

t he hydrogen, seps rhg,;corpl.e’lqgujrc g;mrseﬁl‘ﬂoq‘%'bﬂ%(:k into the reactor 89 through

line 115 or Separated 'as a rogen gas product. It nay be 5Sparticularly
useful to recycl ébidyapibigenatprbionhs ndweetreparderdi bhaggto be reckidedoiikdistol on

product gas reactor 89 may need to be compressed to the pressure of the oxidation product gas or
water-gas shifted oxidation product gas before being fed to the reactor 89. The separated
hydrogen may be compressed by a compressor 117 to increase the pressure of the separated
hydrogen prior to feeding the separated hydrogen back into the reactor 89. The separated
hydrogen may be compressed to a pressure of from 5§ MPa to 15 MPa. Energy (¢7) to drive
20 the compressor 117 may be supplied from energy (e7) produced by the expander 119, as
described below.

In an embodiment, the hydrogen separator 111 comprises a hydrogen-permeable,
hydrogen-selective membrane through which hydrogen—but no other components of the
hydrocarbon oxygenate product gas or hydrocarbon product gas—may pass, and that is

25 effective for operating at temperatures up to 400°C. Such a hydrogen-separation
membrane may comprise a support coated with a thin layer of a metal or alloy that is
selectively permeable to hydrogen. The support may be formed of a ceramic or metallic
material that is porous to hydrogen. Porous stainless steel or porous alumina are preferred
materials for the support of the membrane, The hydrogen selective metal or alloy coated

30 on the support may be selected from metals from the group consisting of Pd, Pt, Ni, Ag,
Ta, V, Y, Nb, Ce, In, Ho, La, Au, and Ru, and mixtures thereof, particularly in the form of
alloys. Palladium and platinum altoys are preferred. A particularly preferred membrane

useful in the present process has a very thin film of a palladium alloy having a high surface
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is converted to nethanol, as an excess of hydrogen facilitates the

conver si on. The hydrogen separator 111 preferably is effective at
separating hydrogen as a | ow pressure gas fromthe hydrocarbon oxygenate
product gaswarzoédnaosaydr ocar bon product gas whil e mai nt ataimgodhescs:

hydr ocar bon oxygenat e product gas or the hydrocarbon product gas 10at a

hi gher pressure. For exanple, the hydrogen separated fromthe hydrocarbon
oxygenat e product gas or the hydrocarbon product gas nmay have a pressure of
fromO0.1 MPa to 2 MPa, while the hydrocarbon oxygenate product gas or the
hydr ocar bon preedestty g@sourayinlzensecbsuproetsBitmigagt of thie mpb cdvRe ptoparddusiviga.

Hydr ogen sep t recycl ed
back into 15§%§%$%d9%§ﬁ EMPXHgggeﬁoggg%%% ?&n%ﬂﬁ(&gﬁ§%hﬂnﬁgggﬁ?e of the
oxi dati on pr@ﬂm@hmgasﬂmwlwﬁ@emwgagméhhdWEQH@mmHQEMthpnadwmwc@aQMbefore
bei ng fed toﬁ]@ﬁydfdpg@&é&&ea% R nyhi eiﬁ&&@mﬁﬁ%bmg&%m%xo&eofgmm@sed by a
conpressor 117 to i'ncrease thie pressure of separ at ed drogen prior to
feedi ng t Re §@6ﬁ@@@%@mﬁyﬁ¥@6éh 9@%5Wﬁ@dWﬂW@“W€d%¥bw&EQ“MTﬁﬁwéébarated

hydrogen ”HYGM%:ﬁ@ﬁk[gﬁ%ﬁﬁmhgm%hmk%§§ﬂgﬁsaﬁn&ﬁ@ml5 MPa to 15 MPa. Energy
(c-) to drive 20 the conpressor 117 be supplied from ener

produced by the eX{FERESY: 1% emétgdva@geF HEEEBR W\Pg"“ is not separafp( fg’r’i‘b‘g&h nent ,
t he hydr ogen hg@panah 6xygdibk mﬂarghmshcalthdamg @ﬂmmﬂ RA¥E@Ine hydrogen

hydr ogen- selectlve rane t u n- but no ot her conponents
o7t e hyar osrash I Gunaer i b e tghE draoRarkin Satter gas: mmy
pass, andot hat |Slh%5@drf>caﬂinwgrgﬁnm @Rtk dit@ydibcatlﬁn‘p&)ﬂaﬁ pasesptivilyo 400C.
Such a hydrogg nySeparat] SE. 2, SYRRart coated with a

thin layer o a1y ‘la‘qﬁa%"““?ﬁs i "%efr*%{"’ ver dﬁe?ﬁ%‘%’ﬂ“ “to hydrogen
The support maypndsel Moinied 12F. "léhcchedramimnoxygmteamduct gamdrele heylirotdila 1 s por ous

to hydrogen. PP 9‘}5]%& nﬁ%% %ﬁ?d%{iﬂﬁe&%ﬁg JB%?#% Qﬁg,?s%y@ﬁl‘é dﬁé grred

materials fo e“support o _ rogen s ‘ective netal or
al | oy coat ed 8gGragrenee(eaphoets inmparided bubgctheekphidomied td apindgrhi2t he group

consi sting Ofma? ge f(PtCXdHM]@ dﬁ%m @hcxyﬁassd]ge Ne lﬁrocirﬁbn Jip%)n&@-pro&lét ra@-nd Ru, and

m xtures thereof, particularl int ormo al | adi um and
pl ati num al | SV@GW@CE#’@WI@“P‘F‘J@E&%I&T%@P @FM*&?&CS?@T?}F%#@F%B menbrane useful in

the present proceggchas (@)fﬂ’r%&dée&th}'d?(piddlnﬁk}féfhyé’m&ﬂioh@ngéa'iﬂtc%leb&}{t J4a¥i ng a high
surface area coating orous stainless steel nbranes of this

type can be ﬁ}eélki%if)‘i?ﬁlmﬂﬂoﬁbaEﬁél’fﬁléﬂé‘ﬁléfﬁp?ﬂfi“sréﬂ%’é‘@ﬂb‘i ﬂldu}‘%“a & sufjgient

6,152, 987. Th divt ideibit ®for pdpa:wl;fgtuxywx f@hlaﬁd iuiMzad nahessyfiay fd"igrdaticlﬂiggﬂib surface
area would al so be suitable a % é@gﬁa Sﬁ%Fctlve mat eri al . The
hydr ogen-Per RESBHE RyaPEGEedetagy;s g r%ﬁ@“ﬁgdwh]ﬂﬂé formof a
tube that 5 bhawhmﬂnmnaQMQmﬁmkyganaé@mmmdduﬁmeagm@pumme'demmm&ubon
pr oduct gas pract as_ei r ct ses Lhrou ydr ogen
separ at or g\xlcieeorrch Iay b g ?pc:atlwe? ¢ nnccgg R ﬁ%esl{:cq 0 mcch& Cvgts?l Sd:l mt rogen is
not separ at eﬂ)l feporrtisghexygen from air and/or with the compressor 117 for oomplcssmg hydrogcn
scparated in the hydrogen separator 111. Optionally, any excess energy produced by
25 expanding the hydrocarbon oxygenate product gas or the hydrocarbon product gas through
the expander 119 may be delivered for use outside the system for practicing the process of
the present invention,
The expanded hydrocarbon oxygenate product gas or the expanded hydrocarbon
product gas may then be condensed in condenser 123 at a temperature selected to be
30 effective to separate a liquid hydrocarbon oxygenate product, preferably methanol, ora
liquid hydrocarbon product from carbon dioxide and other gases in the hydrocarbon
oxygenate product gas or the hydrocarbon product gas that are not condensable at the

sclected temperature. The expanded hydrocarbon oxygenate product gas or the expanded
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hydr ocar bon oxygenate product gas or the hydrocarbon product gas, and no
hydr ogen separator 111 or conpressor 117 is included in the systemfor
practicing the process. 10The hydrocarbon oxygenate product gas or

hydr ocar bonwgrmeuatsigas, optionally | ess the hydrogen tiatushhedolsen present
in these product gases, may be passed to an expander 119 via line 121. The
hydr ocar bon oxygenate product gas or the hydrocarbon product gas may be
expanded t hrough the expander 121 to depressurize the gas and to generate
energy (e) as the gas is expanded through the expander 121. The expander
121 15may be hydrorarbex aroplhoe gasanaly be piomided e cendp@sisidy &omfthddspanidgrdiadzar bon
oxygenat e prqg%ct gas or the hydrocarbon product gas through the turbine
generates electricity. The energy (e) produced by expandi ng the

hydr ocar bon oxygeRattenprveustecigdl cordersae lhyid hotarbonopeodydtomgas t hr ough

the expander , Q]Jagdmydrpﬁrboﬁ‘Bg/g,@x{d@:fp%(ﬁalg]XS éhﬁuld ﬁéjlfnftﬂcci'hl%@tfroﬁlgb%'tﬁée the unit 8

for separating oxygen fromadir I zed he system for practicing
t he 20pr odes subligydon peing oirpsrber dloxipiel- “Hydyto gedpw §@balﬂiag wltpﬁth@ Havihydr ogen
separator 11 %ydl&d%@ﬁﬁ&%ﬁr or, 1 %Orcqga"ﬁl e 11(!iufxd 1%}0% gﬁ%x&é}mhpﬁ pﬁz)(éﬁ {?ﬂhJ or

practicing the process. The éexpander 119, tHherefore, ¥ bé operatively
connect ed, eCﬁmn%yh&#@@ﬂwﬂé@mmwﬁﬁW@@ﬁﬁ%ﬁéd@Mﬂ¥ﬁmPW@XUHP thgazegifopEepar at i ng

oxygen from Al droAndh SfyeatehikhiR. @&@Exﬁﬁ@Qifth&-l%zﬁrof:&l&mﬁﬁ?@iaﬁ@ﬁiU@g hydr ogen
separated in the hydrogen separator 111. Qpti onal excess energy

produced by SEIERPEHMCHE ‘%H@”ﬁ?ﬁ*ﬁ%&ﬁﬁBﬂ”ﬁ%&ﬁ%ﬁ%ﬂ@“ﬁﬁ&éﬂ@?méﬁéd%%“&he

hydrocar b@n Rk ra@8 81 ot Qg b bRow ¥ Pandpreldsbydom becdetiovered for use
outside the system for @ract|0|n the process of the present invention. The

expanded hydr ocar DTV x Py ERATEEge Gdeisr byt BEHBSI Rt ocar bon
product gas @Bynded Q?Hr&ﬁxb@@ﬁﬂm ef shauloRndansage foddatdte dc HdIPaLAt ur e
sel ected to be 30ef Flve to se aEat d@hgdroc rgpq_oxxgenate
product, pr ePEREBFY ARG QB tﬁm “}43’&% AR R Rt Pt car bon
di oxi de and efoRahangas B@mﬁdﬂ!ethb@m&ytd)ﬁa QGAEsBA i t@%m@iﬂi@iﬂ Eycmc@.duclsm@as or the
hydrocarﬁr pr‘g re_not condens e ﬁ ?
trper at dre. PHRa et TG ELPBh B narD ProulE PR G S expanded
hydr ocar bon pﬁﬁdmﬁbngmamﬂamdbemmmommdﬁdtmmmmhm:momﬂemsgmcmﬁﬁmﬁaaﬂxthe
expander vi ato conc?ensc dsliquld hydrocarbon product from the expanded hydrocarbon product gas may
be selected within the range of from 0°C to 50°C, and preferably from 10°C to 35°C.
The temperature at which the liquid hydrocarbon or the liquid hydrocarbon
20 oxygenate may be condensed in the condenser 123 may be regulated with a coolant. The
coolant may circulate through the condenser 123, for example through coolant coils or
through a coolant jacket in the condenser, 1o exchange heat with the hydrocarbon
oxygenate product gas or the hydrocarbon product gas and thereby condense the liquid
hydrocarbon oxygenate product or the liquid hydrocarbon product from the gas. Ina
25  preferred cmbodiment, the coolant is water, and the water may be chilled water having a
temperature of less than 25°C, or less than 20°C.

The liquid hydrocarbon or liquid hydrocarbon oxygenate, preferably methanol,
which may optionally contain some water may be separated as a product of the process
from the condenser 123 through line 127, The lguid hydrocarbon product or liquid

30  methanol product may be utilized as described in more detail below. The process of the
present invention is highly efficient, where at least 80%, or at least 85%, or at Ieast 90%,

on a molar basis, of carbon present in the hydrocarbons of the extracted gas may be
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The tenperature selected to condense a |iquid hydrocarbon oxygenate from an
expanded hydrocarbon oxygenate product gas should be in the range from
above the 5sublinmation point of carbon dioxide (-78C) to below the boiling
poi nt of theyd doopsisebihydr ocar bon oxygenate, or, if nore gdams2000@43680ui d

hydr ocar bon oxygenate is present in the expanded hydrocarbon oxygenate
product gas, below the boiling point of the azeotropic hydrocarbon
oxygenate m xture. For exanple, if the hydrocarbon oxygenate to be
condensed is nethanol, the tenperature for operating the condenser 123
shoul d be selreotved il hewksilhydrdchdon aniydiqefd hatowebon 68Eetate, bicbw 67C, and
preferably fr)gc%,%%qngmn%ﬁc Li kewi se, the tenperature selected to condense
aliquid hydr"ocar on- T 1om an expanded hydrocarbon product gas should be in
t he range from abévebirhboxsdsbich gamtrayrbe pwirated Gbmdlzrdondensgi Bliteteughlin8C) t o
bel ow t he boihy NG ..PQILOL: O , iaui d. hyer.o. n,. i pr.e.than one

i quifiable ﬁh%?%éﬁ?‘%ﬁia‘"?%*’Eﬁ???ﬁ*ﬁ?‘”{”ﬁd"?ﬁ:ﬂ_g%ﬁﬁ*ﬁﬁé%%%‘% %“E:”é%‘gﬁ"%ﬁlgduct 15
gas(whichi's tﬁr/l*pw@lﬂ}ﬁ willt3h Re-ipotipee IRy @bee Rioridaieeh saninforiard@etvplr LsevVgw t he

boi I'i ng poi nty, Rfjuck AR BYEH SEAERRRMEXLWhRicd kiflo AP 2 @IIRAGL BBMesuiddpe tenmperature
for operating the condenser 123 to condense a |liquid hydrocarbon product

fromthe expARBENEYRIMERCET BEHC Brawattndgle sohsy iyaasiain T Vel PRISHt he r ange
of from OC t an Sémbodin@ntPitefag el o af £REVELE Gr 4t0adDSy of 1R chiBimBsa@leur € at which
the |iquid hydrocarpon or the |i yig hydrocar b n‘ZQ"Qxygenqte ma _be
condensed | n PR B A 285 90 hRGSSBET BGP AT aAPR Y BUDRLATCHhe ool ant
may cir cultat end Riougkied e thondenseaer Flaids, of ascridkdaiole ifidtieugharb@ol ant coil s

or through a cool ant jacket in the gondenser. t.0 change. heat with the
v ocar bon d5510s 0 bt Bt saaS s ARHE RSl SR PG 8l 1o

t her eby condergeodutienlof feha nyidy g &pib o rexyrgie hakeicprrboilitt cobontdiexidei qui d
hydr ocar bon py Q¢ f . kN 5nr ef er, rﬁfiﬁﬁ 1 .. the cool ant
is water, an(lg'S 1t8 gé&%éﬁstsgeoﬁmr?};a@%%%cﬁ:%tImltoetﬁe %/g‘iq‘;eo?lf%e{{;/?lﬂ% a ’?%h%@ﬁﬁ ure of less
than 25C, or nitege detiead {R@Geparating the Phyged Cantsinngrpeliton aw bighe D scpdrajigi d

hydrocarban oxy %@B@use@{o%gﬁ qlﬁaQL%ozﬂﬁBﬁmh]’ga% t éﬁﬂe aB¥d 99“11‘?1%“;}:%0’9 ontai n

sone water may be Separated as a product of the process fromthe condenser
123 through Iskyieaybepqmprased Hriyigiitieqigtodecatatiohe ghdensy of isiectiongliiad 30
met hanol  pr odugsaifBY, tRiguidinkdrd&ehoR SxBeREd bRk dr e MG nelRE@Ibn Paly. The
process of the present invention is hlgjghl y.efficient, where at |east 80%
or at |east By ppsaried ador fighopprspssed nioF Havidhelresarder predirhsiaf esent i n
t he hydr ocar he@scabon bhge@tprakitichy $a Soalld)ntd @ansport containers, for example liquid
20 transport tanks, and then may be transported to a selected location. For example, liquid
hydrocarbon product or liquid hydrocarbon oxygenate product produced from a reservoir
located offshore may be loaded into liquid transport tanks on a ship and then transported by
the ship to a refinery for further processing.
Liquid hydrocarbon oxygenate product that is methanol, or primarily methanol,
25 may be further processed to produce higher molecular weight hydrocarbon products either
after being transported or at the well-site. In an embodiment of the process of the
invention, the methanol recovered as liquid methanol product may be converted to a high
octane gasoline product by the known methanol-to-gasoline process in which methanol
may be converted to gasoline utilizing one or more catalysts such as solid acid catalysts
30 including zeolite or silicaaluminophosphate molecular sieve catalysts. The liquid methanol
product may be superheated and mixed with a synthesis gas, optionally the oxidation
product gas, and contacted with a zeolite catalyst, in an embodiment a ZSM-5 zeolite, in a

methanol conversion reactor (not shown} at a temperature of from 360°C t0 380°C and a

36



recovered in the liquid hydrocarbon or the liquid hydrocarbon oxygenate,
whi ch is preferably nethanol. A carbon di oxide-rich gas nay be
separated fromthe condenser 123 through line 129. In an enbodi nent, the
car bon di oxivgenesiaizigas may be re-injected into the resenmushiosdsssiznr ough
the well 3. Re-injection of the carbon dioxide rich gas into the reservoir
1 serves to reduce the anpbunt of greenhouse gases emtted into the

at nosphere as a result of conducting the process of the invention and al so
serves to maintain the reservoir pressure. In an enbodi nent, at |east 85%
or at | east 90%urea fram 1156 to 5% Bfto prloéuce apdxolinechonxinile ppres e@isoiie t he
extracted ga ation fromthe
condenser 10%%58??%?§3§§mpﬁ$é3DM%{m&gqg¥%%8&nvymgﬁﬁﬁ&Further, as descri bed
above, injection lohnatiar borwdgicokifde proveso of e invedien, Viaiid metiynopodwst t o fracture
the formati O'ﬁm?ﬁe Mﬂ%x{e@ﬁﬁf Hﬂ!lé’ﬁn%nﬁ:ﬂdl ?&p(!n@ aﬁﬂﬁoﬁ?eogy&ﬁlhg?ﬁ k%wJ ur t her
natural gas fromthe reservoir particul arl carbon dioxide is
re- conpr ess e@eﬁlﬁli%fo elefin papeatses Tge liquid metbrnphrsodugigeavipe heatetl to 3 tsmaerateisbodi ment
liquidnitr Ogﬁf?on@@fm‘!ﬁ%sﬁ‘coﬂhg%&%fe%tf'lc!;k%inhles QY BRNGAMB GiPR% from ai r
in the air separation 15unit be used to cool the carbon dioxide-rich
gas, and thecééwﬁéﬁ*@aﬁH@hm@T@%W@@ﬂmh@ﬁmgﬁﬁmﬂﬁvmwéﬁ@ﬁﬁﬁ%@@@é@“ﬁWﬁor to
injection toyREHEpRBudhe efficiency of injection. In an enmbodi ment, the

| i qui d hydrocarbon oxygenate product or the |iquid hydrocarbon product may
be transported aHHP%%m?ﬂ??ﬁ@meﬁﬁﬁé@§@ﬂm #%@“ﬂW@ﬂPﬂmﬁ}HWHEQWHBW Y oduct or
l'i qui d hydr oa@phess Bxy BieRat & pith Qg Edactivh Ynah) 8c L@ased td el Hyﬂ@&&&ﬁﬂ’t

cont ai ners, for i qui Ot ransport tanks, en nmay

Canaport et FERTEBMEL LR BN d RO sk atelis Sl i bR PSRN pr oduct
or liquid hydrboediban Thiygeinatdodanod potvcpmneditcedveitedinaphite seswioind | ocat ed
Cranspor t ed’ BICEHECERT B e PaR Raky RSt ReT B osSet B E qu

hydr ocar bon eppygpentabalipy regiectts tosapardtsscivetehbytiodcarbar frggtipnyandhlay dinset, hanol |

25may be (tur i ght hydrocarbon
pr oduct s '8t Pt BHAFAZERH o0k BIUGR, Yl-del RLERM Ao, I VO

enbodi ment of the process of t he |nvent|on, t he net hanol recovered as

| i qui d net hanol product nay be converted to a high octane gasoline product
by the known net hanol -t o-gasoline process in which nethanol nmay be
converted to gasoline utilizing one or nore catalysts such as solid acid
catal ysts 30i ncluding zeolite or silicaal um nophosphate nol ecul ar sieve
catal ysts. The liquid nmethanol product may be superheated and m xed with a
synthesis gas, optionally the oxidation product gas, and contacted with a
zeolite catalyst, in an enbodinent a ZSM5 zeolite, in a methano
conversion reactor (not shown) at a tenperature of from 360C to 380C and a
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pressure of from1.5 MPa to 2.5 MPa to produce a gasol i ne-contai ni ng
product. Gasoline may be separated fromthe gasoline-containing product by
distillation. I n anot her enbodi nent of the process of the invention
| i qui d net hanol product nay be converted to |ight ol efins including ethene
and propene according to known 5 nethanol-to-olefin processes. The liquid
nmet hanol product nmay be heated to a tegg@#é¥§re of from450C to 550C at a
pressure of |less than 1. 5 NPa and contacted with a solid acid catalyst,
such as a,zeol it aal um.n ve catalyst to
produce t he ol Afaﬁethod for éecm{en gtannagL.llg]ai BRS %or? na?céi wnm{gﬁ?efk}el?%f C%I ﬁvag ntion, a

l'i quid hydm@@anm@ﬂmwn@dwnmopﬁmdﬂaédwmhmkﬁnmmeg@move@shhvwabﬁmsher Tropsch
type react; I tation fuels
such as a h?ghnﬁ%?gﬁgggl Eég?&ﬁngiﬁﬁglgg%ﬁ& (B@OE gB%{ansported or
at the wel*Pmgismg. The |iquid hydrocarbon product may be converted to

napht ha, di es@jexmﬁeﬂﬁt epéap&ﬁnpﬁﬁgé&%ﬁ @i@ﬂdéd‘lﬁ%ﬂlﬁﬁ%op%lgbﬁ@ﬁl ling the liquid
hydr ocar bon product and selecting appropriate b ééglrange cuts to

separ at e SEHNERRERIR s oRFITEHOT 4@%{%@1%@1&5&?&}%%&0&1 he egactydgssnt ha from

ot her hydr ocappRRgiRIRSeRked ghsbvhxead dxggaqdornyﬁh{gcg@@hb@@mtern&aﬁhgﬂum CL AIMS
1. A nethod for recovering a natural %as contamnated with high | evels of

o2 and cORdEPR FWSE%@WF‘&‘P@I“ lgssdhap ?Q)Cémfl?%&iﬂaorﬁ%foaeg?ﬁlffb%ﬁscont ai ni ng one
or nore hyeeaas agmnmOdaran ofiitidd, MY chilee Alokial woxy ge AdleraGOflajd@hng one or

nmore liquid hydrocarb e es, C risi extracting a gas
conpri si n§” E%ﬁ/’ﬁfo@’ﬁs gic %’big ’gﬂﬂpﬁé"fﬂgﬂ’é ‘O‘?ﬁf%ﬂegégsé? i ﬂ?a} '@t ai ni ng nat ur al
gas, where cac)tmhzutﬂ i dietion @rvict %s) Iﬁﬁdubeeﬁegtquﬁﬁydmﬂaxb% @htainine osxdrr act ed gas;

and X di tai.ning gas in
the prese l;]l%,%eq flm%.la 03 r?xtlhc,%quié gla (%caigon (9( YEenge C({ntam%ng, on%/ ot r%()ée?lg( 10cr,aéb08 f | ess than

600C to predgoees.an oxi dati on product gas contalnlng hydr ogen, carbon
nonoxi de, and carbon di oxi de, where the nolar ratio of oxygen containing
gas to carbon fromthe hydrocarbons of the extracted gas is |ess than one;
c) utilizieng thBeorhddeiichim prhuduehe giraciedpaps oddiced with e bxygen enthipgigocar bon
cont ai ni NG, QR BesAY & sdr ocarbons or the liquid hydrocarbon oxygenate
cont ai ni ng one Or nore hydrocarbon oxygenates. 2. The nmethod of claiml
wherein the extracted gas is oxidized with the oxygen containing gas in the

presence af St emfinethod of claim 1 or claim 2 wherein carbon dioxide comprises more than 60

vol.% of the extracted gas.

4. The method of claim 1 to 3 further comprising the step of separating carbon dioxide
from the liquid hydrocarbon or the liquid hydrocarbon oxygenate to produce the liquid
hydrocarbon containing one or more hydrocarbons or the liquid hydrocarbon oxygenate

confaining one or more hydrocarbon oxygenates.

5. The method of claim 4 further comprising the step of re-injecting the carbon dioxide

separated from the liquid hydrocarbon or the liquid hydrocarbon oxygenate into the reservoir.
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3. The nethod of claim1 or claim2 wherein carbon dioxide conprises nore
than 60 vol.% of the extracted gas. 4. The nethod of claiml1l to 3 further
conprising the step of separating carbon dioxide fromthe |iquid
hydr ocarbon or the liquid hydrocarbon oxygenate to produce the liquid
hydr ocar bon contai ni ng one or nore hydrocarbons or the |iquid hydrocarbon
oxygenat e contai ning one or nore hydrocarbon oxygenates. 5. The nethod of
claim 4 furt her Tieompri sf angortclvécigme p todf wheeini ting aaiihtion grothimegas &rbbaed di oxi de
separated from.t Janddbdpayarogarhen or the liquid hydrocarbon oxygenate
into the rerervoz?ﬁreil..u %I.}}br%é.rretyﬁo% Q’?’ any one of claims 1 to 5 wherein the
oxi dat i on pr odudtpipaslyicgniasting hediatiar ppdod exsevity stqnguidd Walpdgedelt bon oxygenat e
by: catalgk aQRE QAR of HEANDRELS B DR Qs ARJr 8 BN AHHAGS 107, W Lh st eam
and a water gas shift catalyst at a tenperature of from 200C to 400C and a
pressure & PPHUSHT B4 upedified opidatippErogust giFoduce a wat er - gas shifted oxidation
product gas; 1) comacgixg.g)th&dmhtﬁﬁtp}oﬂﬁzt bR er @xivalathOmifd 86464 [B@Bcor t he
wat er - gas shifted_ oxidation @r oduct gas with a hydrocarbon oxygenate
synt hesi s 85Y 81 3/¥frogibos opsgrperutitiacyst 4 o PR croi8ute @itd a pressure of
from5 MP&00°C akda rEeurt or R0 L0as Mpd ineabomysy.aonakgeplcoduct gas
cont ai ni n%g hédrocar.b)o( grx enate;, c) optionally separating one or
more non- MEPS fiirc?%z}lfm&é{) A8 688t r om t he hydr ocar bon oxygenate product
gas to produce @ opwsliipcanbdng @xygenata-gtoteheduydiqess baniexygenat e
Phe. hydr oo B bYy B Pe EHPT B 5 Sut e T ERE Ry ooarbon
oxygenat e-hgdwdabheckybopale podrchgr aokygenat e product gas. 7. The net hod of any
one of clains ) 5. wher gl n. i i ‘ i.s utilized to
produce |iqui d%)rr%?%%ﬁ%? Eﬁ'ﬁ)@:y@m&%%n%ygg@co%ﬁ t@%@@%&%@%ﬁ 3 glﬁtéjn‘élhtdhé oxi dati on
product gaspduit g4y osthekhoambbnax ygatagrengehsd kdiokarbaatpdenatt prefuctaast enper at ur e of
from 200C to 400C and a pressure of from0.1 MPa to 15 MPa to produce a
wat er-gas shifted oxidation product gas; ~ b) contacting the
oxi dat i on 7pr odutlte npged efrany pis ofisies | wagsvhesinfthesridaion gedycoens prfigdt gas with a
met hanol syﬁ}gdﬁgesﬂqgidq,@gﬁlmy@; at a tenperature of from 200C to 300C and a
pressure of from5 MPa to 15 MPa to produce a methanol product gas
cont ai ni ng met hal gpfjonally contacting the oxidation product gas with steam and a water gas shift
catalyst at a temperature of from 200°C to 400°C and a pressure of from 0.1 MPa to 15 MPa
to produce a water-gas shifted oxidation product gas;
b) contacting the oxidation product gas or the water-gas shifted oxidation product
gas with a mefhanol synthesis catalyst at a temperature of from 200°C to 300°C and a
pressure of from 5 MPa to 15 MPa to produce a methanol product gas containing methanol;
¢) optionally separating one or more non-methanol gases from the methanol
product gas {0 produce a methanol-ermiched hydrocarbon oxygenate product gas; and
d) separating Hquid methanol from the methanol product gas or the

methanol-enriched methanol product gas.
8. The method of claim 7 wherein the step of optionally separating one or more

non-methanol gases from the methanol product gas to produce a methanol-enriched product gas

comprises separating hydrogen from the methanol product gas.
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c) optionally separating one or nore non-nethanol gases fromthe nethanol
product gas to produce a nethanol -enri ched hydrocarbon oxygenate product
gas; and d) separating |iquid nethanol fromthe methanol product
gas or the methanol -enriched nmethanol product gas. 8. The nethod of claim?7
wherein the step of optionally separating one or nore non-nethanol gases
fromthe nethanol product gas to produce a nethanol -enriched product gas
conpri ses %epar éi‘hq':mghdv?yxﬂpleigﬂﬁumlreomﬂphﬂngMMB]oﬂ product gas. 9. The nethod

of claimsg furt her %&Llﬁéetﬂgsebg]gedqlgﬁg%a;} ?osa Wsuret of frmg I%)to FS?[HQJ a%ﬁSI ng t heb)

separ at ed hydrogen to a ssufe of
m xi ng the comres@mlxwmam@ﬁemm@g@mdmcn yith theored@nglamrpcbﬁ gpr@duct gas or

the water “WEP-o éé@lllﬁ&(%lnﬁ&m%‘gdu&%aﬂﬁ B%%&nte&?@ ir deah&ﬁwé&Q& %?sq;; fh@g the

oxi dation product, gas or the water-gas shi oxi dat1on product gas with

t he met harfeer: §%ﬁﬁblﬁ§%‘ix§3awtpﬁ1d%bast"6‘h mwﬁwi'e‘w@ewwbzﬁé@pla& ¢t gas. 10.The
nmet hod of 1@3]M11&E,%d&f&a§| ains 7 to 9 wherein the step of separating liquid
nmet hanol fromt met hanol product gas conprises separating |iquid methanol
from carbon dioxide. 11. The nmethod of any one of clainms 7 to 10 further

conpri si ngot he Sflﬁﬁheﬂx%d 6108 bR ¢S mdgokateie@nmpsrt@dm;mga.g liyd Akmdweist 300C

prior to cont Ctll g oxi dati on rod 1 gas L’g am anéi t he wat er-gas
shill cat al%ydge mei! @F ?Fé%ﬁ%&‘a“pélFe“é g EhIOREeTyAten 8K ¥yr t her

conpri si ng the step of cooling the oxidation product gas by at nost 300C

rior to ntact h X|dat'_ n 0 t . gas V\AIht t han synt hesi s
(F:)at al yst. 3 Thehwgr{ &ul Gord f’y%ﬁghgaﬁ'@gf)‘toqgfuﬂl onprEge ‘:lfe?/\ﬁeoge?oﬁn ‘ﬁ% oxi dat i on
product gasiditn ptoihic getly stanopr3detigeioato bontuiing teycdidagamiydact pas with steand)

optionally L t xi dation product gas with steam and a water-gas
shift cat 3]1&8%]&%% 'E’gﬁggcm%yg’t ure of from 200C to 400C and a pressure of from

0.1 MPa to 15 MPa to produce a wat er-gas shifted oxidation product gas;
12. The method of any one of claims 7 to 10 further comprising the step of cooling the

oxidation product gas by at most 300°C prior o contacting the oxidation product gas with the

methanol synthesis catalyst.

13. The method of any one of claims 1 to 5 wherein the oxidation product gas is utilized to
produce a liquid hydrocarbon by:

a) optionally contacting the oxidation product gas with steam and a water-gas shift
catalyst at a temperature of from 200°C to 400°C and a pressure of from 0.1 MPa to 15 MPa to
produce a water-gas shifted oxidation product gas;

b) contacting the oxidation product gas or the water-gas shifted oxidation product gas with a
Fisher-Tropsch catalyst at a temperature of from 200°C to 400°C and a pressure of from 1 MPa fo
5 MPa to produce a hydrocarbon product gas;

c) optionally separating one or more non-hydrocarbon gases from the hydrocarbon product
gas to produce a hydrocarbon-enriched hydrocarbon product gas; and

d} separating a liquid hydrocarbon product from the hydrocarbon product gas or the

hydrocarbon-enriched hydrocarbon product gas.
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b) contacting the oxidation product gas or the water-gas shifted oxidation
product gas with a Fisher-Tropsch catalyst at a tenperature of from 200C to
400C and a pressure of from1l MPa to 5 MPa to produce a hydrocarbon product

gas; c) optionally separating one or nore non-hydrocarbon gases from
t he hydrocarbon product gas to produce a hydrocarbon-enriched hydrocarbon
product gas; and d) separating a |iquid hydrocarbon product fromthe

hydrocarbonMprodmemmgasﬂGMntmémhydnmmam@Gmsmmﬁkmﬁb@ﬂhydmmm&wmmmgaroduct

gas. 14. Ih C I ool i ng
the oxidatig nFnﬁgg%BQ?mPl g cglﬂcp%&ﬁe < #{ @(81%8 dadt NR VJ‘ ? Ste%%sr% ragl?ﬁaﬁpgag ﬁlgﬁom dation
product gasaiytth st eam and the wat er - gas shlft catalyst. 15. The nethod of
claim 13 further conprising the step of cooling the oxidation product gas
by at nost 300C prior to contacting the oxidation product gas with the

Fi sher- Trop'$t h dé&e aethadof clangl3 fnthepeamprisippthe siencd vetingige axidriionpreducyas

cont am nat egls Wt Rodts@hc higy gl c%nt&:&n%x%ﬁtm%%ﬂ@ bdsivid ﬂ{ehﬁh@ﬁrrd-ﬂ)gcﬁl gas into a
liquid hydrocarbon contai ni ng one or nore hydrocarbons or l'iquid

hydr ocar borf®@¥§fgenat e cont ai ni ng one or nore |iquid hydrocarbon oxygenat es,
said nmethod substantially as hereinbefore described with reference to the
acconpanyi ng draw ng 17. A liquid hydrocarbol I|qu d. hydrocar bon
oxygenat e dgoduéﬁaﬂﬁﬁﬁfﬁﬁwﬁF%¥%§ MB?S§ﬁ9m§ﬁ&gﬁ&H%%ﬁ%E %g

converting the natural gas info a liguid hydrocarbon containing one or more hydtoca;bons ora

liquid hydrocarbon oxygenate containing one or more liquid hydrocarbon oxygenates, said method

substantially as hereinbefore described with reference to the accompanying drawing.

17. A liguid hrydrocarbon or liquid hydrocarbon oxygenate produced by the process of any one

of claims 1 to 16,
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