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NVDA RECEPTOR ANTAGONI STS FOR THE TREATMENT CF
NEUROPSYCHI ATRI C DI SORDERS CROSS- REFERENCE TO RELATED

WORBRILE@ATI ON The application clains priority tRPCTUS009/043682

Provi sional Patent Application No. 61/127,098, filed
May 9, 2008. FIELD OF THE | NVENTI ON The present

i nvention provides certain NVDA receptor bl ockers,

i ncl udi ng pHsensitive NVDA receptor blockers, in the

t rMRIrTRIG FOR RECOMISING AINA PURIAS OGASTCONTAMISANED WITH
depression, anxiety and other rel ated di seases.

BACKGROUND OF THE | NUEfH EVELSQIhEOe and aspartate
play dual roles in the central nervous system as

e et @hccaRBAAN HBc.A0LL @s the principal excitatory

neurotransmtters (hereinafter referred to as
exci tiisowyplicatipmelaiaipdiorityrframnisy) Provisemel Apdication| %aéto

{15 X SR, S8, R BB e

Euﬁhﬁﬂ@ﬂm&nﬂ@g and netabotroplc receptors These EAA
receptqrs signal in
that et Pl Gl M TR Bl o Rt e BN

@n&npﬁaeadwﬁhlhglslebﬂenf@onrted that NI\/DA recept or

| S pr oduice an anal gesi c effect under certain
ot g let al . (1995) Acta

An aesiahﬁsll g@k qu fodl. gaSiisoil eatedBiely2R theFd#pchemhinal Mildther chemicals

A T N R R R S

dnhilc COMSUNR] of BREVIRSic SHRERAIOPLG! @dh BEctRineApropdnd 298 butane.
Phar rracol ogi cal Reviews 51:7-61). NMVDA receptors

Nafpra] gas 5y @lsp §onaijserae Aupngjiessr nB‘btll‘F‘r%f}%ﬂnoF‘H]&}n@atm'énd
pBQén@Qéu@l%s d&FB%ﬁ%?o%?d% ahh{d¥6ecnQiadl nervous system

A hi %Yh?@nen& ty of NVDA receptors has been found in the

cor t hedurpliganisofiepgitoaisd Sommairycas feldnihetrhrsieteps dopated off-

ﬂgl%t lélloﬁ@é?goﬁ O LAY s #Ql l_fFuidrhyngegljbglpﬁloftEH fé%tli'r&lrtﬁ produce an

anxi ety and depression (Tzschentke TM (2002) Am no

menaicdly: viabe n.rscz)ct wihEset tén gityial gas diglddfsonh swhish deernavstl igat ied

f [

A RERAERAO0 ekl il SEleh: s HERRONR. RE BRH S Bhy
wtd povpett Italturd canth aritmld:lmdpneanbbm useo anybﬁgmalls t:@l shedlatural gas
tlo %85 "rj}spel tﬁ% fl)ﬁllt]cl)cglbtor?sr it ll%ué\@??os Cg l@l}alt I} a%ge us(ed t(i convert
1(a11951@15 t%taaqumai:lqtdroaamoin am Baivan ttﬁ:&aﬂﬁal gﬁ?ﬁs a sﬁitbtﬁsi’sk@$ bepartial

éZOO Br n Res dBugﬂf 55; 297- 319 " tﬁ ; af i

H5856Y Pon aﬁ‘”ﬁ PirgcTld SuBSIYUHEY G98* lﬁgl@s?%‘é Csinggas L @ fiqui
}(yaﬂﬂéi)oofhm cledt pBidecd®ma B@h&vTﬁ)ﬁscK-r&aEtlorpcﬂy@ﬂléﬁk gas@irepared
t%I&ﬂ.1 (2007) Phar coI Bi o‘&? r{] lfig]av 88; 158- 164;

Btyak gdsdpayglso (“ﬁ@‘b“?ﬁte Ar 1RGNy drRE o8 g anaEich as

mEtBaRal i nskl et al. (1997) Neurophar macol ogy
36: 31-37; Pr zegal inski, et al. (1998) Pqol J Pharnacol
50:  3WY-IydupcarbRRomRRIRCIS Eﬁﬂatujalrgﬁ%ﬁrﬁﬁ%‘taﬂsﬁsn%rmomammams
Wk c@h@ﬁalngethe fi‘dtural( %@% lifhe fooR8Sa ﬂixu éﬂycﬂfoé@(ﬁ)’n AP nate.

Trul | as, Phar macol

%b@sck@féde léton%ttuch §nlbhzecbt0<tarta>tl cwtémNWApmléagtyovheB.pms@rﬁgl the
&t giehl fioankAgna sts, specifically CGP 37849 and

ur egra 324g gre dt&rectly related to their
ant i d@prcle@gfam cdolikgpre¢dse tot g uivdilydrogarkonsdn a pdtural @EORYbon

. : - N .
TR ARRN, PSR RRy QYA B PEFRLELS ifing polyesnd
Bpessisdzun ithescooliiy obcede tBirthemenrbdralidudcttiligesatolpnoipear t i es
of native NVDA receptors. Expression of the NR
subunit al one does not produce a functional receptor.
Co- expressi on of one or m)re NR2 subunits is required
to formfunctional channels.lln addition to glutamate,
the NVDA receptor requires the binding of a
co-agonist, glycine, to allow the receptor to
function. A glycine binding site is found on the NRI
and NRS subunlts vvhereas the gl ut amat e b| nd| ng site
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The NVDA receptor is nodul ated by a nunber of
endogenous and exogenous conpounds including, sodium

W@oias4i3um and cal ci umions that can not only PEEES2009/043682

t hrough the NVDA receptor channel but al so nodul ate
the activity of receptors. Zinc blocks the channel
t hrough NR2A- and NR2B-contai ning receptors
nonconpetitive and vol tage-independent nanner.

gbRidAIRAD ol Mgt HOdrBtdraycaRdh @i RIEixQFe thithi duld preferably be
13 1ut amat e- nedi at ed responses. Neur ops};l/chl atric
!

izesh ondy by the dinvid iwgrossbany BasHewvavheRdnwliqyest hdresridben indp be

AR IRA% R SehdRNSaabf ect nore than 60 million
Aneri cans each year. Four basic forms of npod
di sorldéeion d&TXéderﬁiioéﬁaYd@mlé saiveion ©f eaterhgasitasyoHcHh pas so thata
aat
o o P € R foon SE e R0t R R (Bnvering
thphitara bghs égosynthesie gisi antl sebsopiett emvyrtipphg syRibgésghs ohdiquid
. r - S
rcp R A O KRR Bl Gy RO, AR RS Kioon gigide
may npgeapnveAigutaaytucd gaiue s pdhdsia giQ@Qelﬂleumdtlai atléstlomfor by
e?%}lor fo%%?r ession reaching 5%in the previous 30 days,
For"d® ifetine. B pol ar disorder is |ess comon,
occu rPrattfaQO)aﬁatﬂn éthe nadiral §asito ptohecegsgmhesad gap Gashidlyi effiected by

but sonme ev t he. di agnosi s en, averl ooke

SRR SRt gty i E0 S abiift $8 BuPEE RS ERe—
Mlkﬂgzsas; lea2POESSh@the hfidTRKIdNt$Hak Eaﬁﬂrﬁ@%ll? indd@ar-08 &1 1048

jor depressive disorder or clinica ression, is a
%Qoﬁ? wapn the praigloxidesion jspifettodwith hecaiglyd lgaé”wynt agpgat of
t S

AR R R PARCHAGRECARHRD HERITARY Aynch e
crmrblustianbmﬂlmg Id@teé”@ctmeneh;s ghthbbotd pidegsurcactioAltd produgha synthesis
gjg?%mﬁgé’g tl%réalg%agteég(%ﬂonallg dtlu}/thec%g)%&:%ir S;’?S Osﬁlfnth%selgéaessrpzrloc%ct
firbdwetidybyoprrtidl leeidatidn 1ﬁmlvd§e@h§$8ntdmatlt1$ns§émd ﬂDSE ofth@mal energy
feature of .nental ill ness, tever its égre and

e Jreyns esb%%(BFPd\‘/{f"cdrPyé’aﬂ%% qJiopmugiRe conles Bygt least 400°C,

t[?ﬁﬁz‘%gﬁf' a@ieraétgog“@t%rﬂ@% Ras: BhilRgtiza8sn R Iﬁ&lu@e & h@tﬂ@ ﬁy(ﬁf)carbon or
eveloplng najor epreSS|0n as soneone who

uist hydlegradbes prygenate and muph thienah ararey iviest lnﬁe@pltle@t Wntsf@rs
ﬁ?ﬂ@% /qﬁrg% fRe fr&ﬂ Qlltl‘?lpoﬁ(%%% %e'c{rﬁatlﬁla C&Italﬂlﬂ 'la?é (1ualgtﬂ%s of
e panl attac pression 1s as e

aartion d}IﬂX}KEI at mpetatun@sscaading@D0°C iSparacd&¥% otkessive since the large

| di cal nts h bl
WREL SR ER d e aireen Raims 5Bk S5 RGPS R goqtpdper poria
dxidatibn ekepElEash@ynthehis gnipgodiedi cal cond| t i ons

associ.ated with de ssion .includ eas
canc lgh v?ftgﬁqpﬁmale%l@ﬁleﬁe*}t@gsw di%a 8%6 SC %Ap]ﬁ ?lgd Catlysis
m(r;afdral VER©93) 185 cplemBer B0 Om’VDfBSQ:foflﬁfﬁﬁlg@f rhodlum or
neur ol ogical disorders, inclu g,F Par ki nson’ s an

1

TAhs BB B CaITHe, g%aé(st@élse%awffmaéa@ @Pﬁ@?lsomdétl%@éé%ethaalﬁ Qr

&Eﬁﬁl%ag MK &- ter@e@ﬂut@? 45" e%ﬁlﬁplg SRS 3 oV Qo SYIVRL Q@B 1y Dartial

associated with a higher than average rate of

aidagipn eishdse loyeir &mpeestures aitht thedesatabyntd isdigphosed anerate carbon

r i

A oL AR AR Mk (IR rebd HAERS 1P ity

cdm]:mm%adomh datbosl diextidek ifowtiner saugeighitioa lof g/hydn@dar‘troaemleieed and
depr essi on. al illnesse it

B PRz ey P W B Bt dRT S5 Tisnbive® ghoroon

@onlde aRuaribalteheitats may cause depression. Despite

t he many advances that occurred froma better

under st andi ng of neuropharmacol ogy, many psychiatric

di seases remain untreated or2inadequately treated with

current pharmaceutical agents. In addition, many of

the current agents interact with a nunber of cellular

targets, potentially resulting in side effects that

can great I y [ an uence the over aI I ~outcone of ther apy.
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to have nore nunerous and nore severe side effects,
they are often | ess prescribed. Mnoam ne oxi dase

WO pdivobasor s (MAO s) are often prescribed as a PEBUS2009/043682

resort, when other nedications haven't

wor ked. Functi onal antagoni sts of the NVDA receptor
conpl ex exhibit antidepressant-like activity in the
rodent test and nodels of depression. In 1990, Trull as
and Sk@hieffm@mRnsd bat 16 grddig Fhthbde @smamtioBeidiy/prodess,
of AP-7, MK-801 and ACPC in the nouse forced sw mtest

ks partispxidation. anrkisawEs St eldteaitr dirye (ragriions TR significant

2RI Dbk rbBn (ﬁ%%%l@ls Flentin BRafa iR hs, 1RTedt @) requited (f@produce
then, a number of reports have confirmed and extended

thh pytHerin @Rsrig [argrrencIDEIA Mkt begepilisd 4o baapthg earbyredipyide prawell as

tﬁ§ﬁne{hgnégnﬁ%te(nln&ﬁ(a%{ants %Ertl?ér the( Ja?[?o%) 1(?}!1@4 a{m%% dﬁh&]@, I?@cmcmg the

Maj al . % PoU Phar nmac
1414 @W—S&A@)reﬁnmng attastlc(m\ktyrtydiucmgéhe lateracemg@@)le Phthpreeand [water

DI NSl RE s b BRRUAIS neefl Barineany beat sty and

lbsssif thermaticoergy toargdurce theebmaetratul(ew %)sylﬁhausrms ptodﬁpt @cbetmits

%ﬁ}é%ﬂonqoz pr60 1}066 2176%’599“3@ 8r|1 ﬁgar l?cleulchyedr car %Jséggfa%nate due to the

e t@ﬁ@cﬁ%@s at @hircn Bic£m wipheatk ©Le de sffé@ﬁﬁ—WﬂMMﬂ 70@C to

al . (1997) J Physiol Pharnacol 48:127-135), chronic
stress (Papp, et al. Eur J Pharmacol 263:1- 7),

and %l a%ﬁﬂt%er@ﬁi@hlﬁy G\Fﬁﬂ%ﬂgg nﬁﬁraf"éas c&i‘tgtgl?lllted with carbon

Phar macol Bi ochem Behav 58: 355-3 A ant agoni st's

dPde, derhomdipxide pregshf ingapagpon dioxide np@taﬂnm@m ditara] gas is generally

L6 P 5 5y LR PR3 951 gy

nZlarrdt@$ toet ligaid. S(eﬁzﬁ@@n téalmtqu@elnclﬁl&/@mbhmgyheﬁtan@fﬂ@a%m) a
al though 1 he cllnlc effica mant |

11 eC{; (?1 %I’l_ce r egsan al’l’lll’l femoezqz 6?5%%/ %)Xlge SSll’l ear}aﬁ%'ﬂgfis %rough
rﬁﬁlbdlﬁﬁ-sibikéh se]Eam\&tte sepetateaiarbo(l ZQ&&D@ faum tlle Ffstyrahgat ang passing the

3:.153- 155 Furt h | ti f.f
ORISR = skl caRe o PahR rehh TR 0T e frural gas.
”Bhd:@@ﬂn@tﬂ’[&dl'st Ciﬂsdapil‘htlh@ c:ﬁb&ﬂ cﬁ&;ﬁﬂ@ﬁr&ﬁ Iatnatuhﬂ Eaie RS tiRERR natural

gested he an |depres t s
rfPP‘\*)’é‘“’éh@YQLé q Sf A iF}WB ! e‘BP‘ES’r Y@@ﬁ‘ﬂ@% 0 09 i fess, but
&@klmenin@ifeetw@br @&mmdrdi@RBYromBRN I BLCARHY CBitadors¥pataté &hbonz
Skol ni ck, et al g2001 Pharmacol Res 43:41 1-423)
%P’El@’r e gptaral gaspried thegiil gas 8 Sppraipatgd vith dblii 89 V%lt/eef
dafbohligyx@Ri mal paradi gm used for antidepressant
screenlng (FST), in nodels of d%preSS|on ( Nowak, et
(PLobgorrg Wamk et nEorBEs By congniak nataral as.
cfoﬁglﬁéﬂateh vc’ﬁluelt q’e%@tej@ B 32500 %7&}(1& ng%eﬁgﬂaﬁ% 4& b akgﬂsdue to the
95) Brain Res 164
dj&”wnbssgﬂ medumgg ligeldéls@marb@ré@r Viireith hledrh@ﬂmwxmmes frglnaalatural
t [
i PAREHGR:0 iR 5o FRGNAR & ThBhn ARkUCRL RS By or
mByin@Padrbot didade fFo10 118, @ hBaltgas Pﬁénzr&esemiovmodi@slalgeqh'ﬂDd&
IIVI\?(,)'\{/thﬁrr goar% nigthg fal a%rarti nﬁltugal%lﬁgg{ fld %clr’l]s dlécrol\geer?c? £0nd%ted SI rcl)art]edtwuh
hagi eedls wiécafﬂlvﬁ)ﬂlcardeaqam'e&tes thefdhie adeaicfbdzer@etgn afﬁw@n eEfectlve

nventlon i.ncl

68! gy oi R R o Sl 2PV et S il Latha
@@hfgﬁty@@hﬁmﬂﬁt&i@ﬂth‘@rboﬁaﬁdxicﬁss Leg Syndrone,
mul ti -system atrophy, non-vascul ar headache, and
depression. U S. Patent No. 5,710,168 clains the use
of certain conpounds having NR2B subunit selectivity
for treating a disease or condition which is
susceptible to treatnent by Blocklng of NMDA r ecept or
sites, including traumatic brain injury, spinal cord
trauma, pain, psychotic conditions, drug addiction,
m grai ne, hypoglycem a, anxiolytic conditions, urinary
incontinence, and |schen1c events ar|S|ng fron1CNS
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U . S. Patent No. 6,432,985 to Hof fman La-Roche provides
certain neuroprotective substituted piperidine

w@orpousds with activity as NVDA NR2B subt ype BET/E81009/@43682

ant agoni sts. PCT Publication No. WD 06/017409 to Merck

& Co. provides certain 1,3- disubstituted heteroaryl
conpounds are N-nethyl-D aspartate receptor

antagoni sts useful for treating neurol ogical condition

€. g. P8imitenPROKG, mcu@o prAiReapRcehf &R ARyt itReas ation of a
anxi ety, epilepsy and stroke. PCT Publication No.
ID’E‘IQW?BQPQ@Q% f@ﬁlﬁpgk fomredurcst DhaEs &ssi behs hydioparbancepus

REHRRE RASBE YRR hAGRPLA! oM RGNS LBl ﬂ%rdr@é%%&b tan@H
sensitivity tested in vitro u5|n8 an oocyte assay and
P

nﬁlomilyely@ae:pnwnmap freleh crboreiptigpssoeciplty 0d-40 vol.% carbon
¥ néée @lﬁﬂ lp{he %m\f?&e§ %t Qﬁ]};dr%%r%ﬁfcfe%s dtfﬂ:&l ctoﬁﬁﬁltmgagreater

ery ch 'engi ng di sor
th'@sis{l yal. % ¢arlpr dsoxdde (efef m:ms(po val/e), p)lraef\b@ wewsidll piidizetthe paéal
SR R AR S P g avore
it effiodat emyiceﬂsfrdué) uslogh & elasas, enél’gﬁ irslexMetidnk fgrspfeqtilfs large
side effec v t o aban e .t hat .
it PSS Smat RuBRC P Spt P o aganrea e Laare s nidh
Wepah@prethnd HoyibRctlto iRtficant (FLABH dGliorhigMetels dRdrbod (1kide
131-136; Miir, K W and Lees, K R (1995) Stroke
%@n@@%¥h3§“m$%?@1|ng, P. L., ed. (1997) "Excitatory

anm NAmBLIved Frob ks %fe de@i%!)'let or wo&éam § A0RA Sk SonthaRdRIMEh
Press; Parsons et al lﬁéb u ws Perspective |1:
are

ggagerg]ggl)SO vpPh¥rearhog I‘ﬁﬂxi‘d@ tge pthnnqj‘ digyiddrydrocarbons or 11qu1d
MWC%BQB%hﬂ& MW%S #0ds H@ﬁa{iﬁﬁg hlgﬁ lievER®f carbon dioxide.
treat nent "and/ or prophylaxis of neuropsychiatric

lnipgdicaler, snorq encpparefficient arocessdsehas afesetigetiieder qogyerting a natural gas
SR ﬁlhcﬁtlea &ofl gﬁﬁ)%ﬁ (310§fdf & Q%tﬂegls (rg%seﬂlﬁ @E&E%&Bﬂy toa
neur opsychi atric disorder I'n a t’i on, erere
lamh@Qde@moebf@h@hwhmh@nﬁmun@gwnhaawekhmbwt reduced

§&ﬁ§% f CLScHRON admnistration. In particular there
Ts—al%eegLiUT—Tnp oved treatnents for depression

andarbhi @teﬁent itventpontih direefednea prcabjf@ctcootringeaprd gent

SR RO B VS CE e RERE B e P CRRRAT 8

ld/ldﬁxam@eﬁ SontAfielg bie @aiidre Bytrégartfods oit hiequiid Ralkdeaibon okygenate
ressi on and %ﬁﬁ*et¥ % MVARY OF THE | NVENTI ON
(A OB Popeiqf| by dfocatbpn oxygenalescqiprigng: provi ded

f or tahexttac@at ﬁ@ako@pnmmmdn%xme%d RRAPEYE Blr@e‘kfvloﬁr
di sorders. In particular, conpounds for us in

QoPHYRERUTErZan P FRAREDOD §‘10€5f cGepPBss PRk Wit %ﬁtye Pyjragted
hQesihgat risk of or suffering fromthe disorder are
provided. In certain instances, the disorders are
specibh pridizing thariictedess eyt an %V%?ﬁ]cml%é@%ﬁttb‘? presence of a
t £
AELAYPULER 01 ) O PR AL LARLEL 1 piduion
frodsugas halwtamglglhgdwgert, babemo pmeidepdiddagon dlomin,dwltelr@ms molar
tﬁ%(o) dol)%t%ed rg}ﬁn t[}ieho&( gen antf'lfnlsn%{g?rng[l:]otcag)lpn? 10 ptﬁ F}é gc%'rbao%ls of the

mmaaapgychkaﬁhmnnﬂ;sorders in partlcular depressi on

and anxj.e rovi ded conprisjng, adm.nisteri a . ..
compauntite B FHE R prape o R e R TR s B Sy
&alof moastiy@rocadbaxctr g 1afuidigidiocaibby exylgbefte@ntaidpd drenainoye
ig conbi nation with a pharmaceutically acceptable
TYAFerBP OXY8°%ost in need thereof: Formula | wherein
the substituents are described herein. Mre typically,
t he conpounds are of Fornmula A: Fornmula A, wherein the
substituents are described hérein. In a separate

enbodi nent, nethods of treatnent or prophylaxis of
neuropsychiatric di sorders, in particul ar depression
and anxiety are provided conprising adm nistering a
conpound of Fornula II or a pharmaceutically
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Formula Il wherein the substituents are descri bed
herein Mre typically, the conpounds are of Fornula B

wo-004B1B, wherein the substituents are descrP@BTS2009/043682

herein. In certain enbodi nents, the conpounds are used
for the treatnent of neuropsychiatric disorders, and

in particular enbodi nents, neuropsychiatric nood

di sorders. These disorders include depression, bipolar

di songlel smb&BASRNAE 0:addtRE podactbaSRudBLS 1§ SAMccaNduid
manias. I n certain enbodiments, the conmpounds are used
lrygrocien pryERatRPt of depreSS|on in a host di agnosed

Wi t h b BgihBosAREtind Me 6QH4RAN Prd s SR A HBRAG 8 wafcPBas shift

conpounds are used tTor treatnent a bi pol ar di sorder

qatplyst Hogemptiratyieef EdMAOOTC to@0Hs sruiradlerpssulmé fromrfploMiel g0 15
future

B0 bR R BNl Ta SR 000 e

pr ovibal e@atmﬁngtl&@&siamai prbra&ct a8 oeﬁp@mtem4ghyshnﬁteda>xmason mhduct

has n di agnosed or is_at ri o
A8 D B P o PR BB B bt AR e from 200°C t
RPPOMNEASeANR HEBMUA MiPR 1 eMPE RAIBRRE aqapdrewmlydx%énate
of a neuropsychiatric disorder associated wt
phdust gisgrigiaingiarydioparbarhexygensisy der  can |nclude
depr
o g e R e o Sl Rl o e
thrqcméam presfenady plpdmt) biysl tapiogduesfa Isydmczﬂoplh pegerate-pmiched
h onpounds are admi nistered to

(gglltbgn S{S%glg%%ﬁzeh?% 45.’ %ldﬁ certain other enbodi nents,

t he clo mpamﬂdghran@hah{odal‘dostoey@datb frooxchdhyvaddadion okygenate

nat
BB PRh S B g TR B e B LS s mraet e
]mmnpﬁmpmykmmhshﬁﬁmnﬁmnopgyﬁheahﬁMMmdlsorders BRI EF
| PTI ON THE FI GURES. Figure 1 is graph of
| mm P PRUer emheadine, g e ot asfﬁ"é% %‘g@é’&o%e‘t liqd
Hy@sdca®ofippund in a forced swimtest. Structures of

t est conpounds are shown  in Table 26 Fjgure 2
gr aph) BFUOMRIE GawAsHRS the 9xiltiea Prodicisar yi §5€a%@nwafﬁf gy shift

&mﬂat\@ tbfipRath@SF fr%ﬁh%@@% 400°@arf o 58 uR W Ffbfn@ﬁlt MPa to 15
Figure 3 is a graph he di stance travel ed CDl

MPe do projdecetarpteit gah Slaftwcb@ftlda@@mp@dm gy an open f i eld

acti vit | :

per ool nd LB ol Bt B fo P Higuion product

gl pithtad$sthec Bropshedislystit g tangpeBaturs ofifrgm 0P Catb 400FE :mdlal pressure

t . QXi Ci f t he .t est s .assessed by
HPLERMb S 3 MY PP SRS Bode B35 apn ot he
hERGcl bp’tdjﬁmlgf de@ﬁtl | g of BibreSh e t@darbONEeekTelsn ﬂie%fﬂredaﬁbon
a |nst t he patch cla e 71is a grap
P h%aséfrplioﬂ{‘) N@(ﬁroeﬁggbsnreg?ﬂﬁ@da%cawoapmu%tﬁés PR of
the ¢ E’épﬁﬁhﬁgltldpﬁ@hﬁfrodaﬁﬁ)nﬁ 86h tRORRAIAGon bRBERREOS e QT
effects are shown faor conmpounds NP10075, NP10239 and
INe1aserpen-cpiched éydaoqagboapquaﬁrg%f PCP di scri nination
Eﬁ@ﬁkgaﬁﬁoﬁgﬁhyﬁn$gg% 1 and NP 10097. DETAI LED
ENTI ON Certai n conpounds are
He.ovis 8 eeheastigels syptempihat ey e agadrie pracire thy Rypeeys ebdheprgsent
{AeLkigpsychi atric disorders. Typically, these conpounds
act as NVDA antagonists. In particular, conpounds of
Pesaited| Rescription pf the [nveptinh |V are provi ded for treatnent
of [ i I
cer ¢t PR ERER Rl ARG e RO ASELEEL n M B Yo dhatura
gm6mhxbmameswﬂwnmm©hﬁNﬁQW@Fé&EhM@dcaotnmgﬂwaﬁmvhﬂdnMumlg%
certain enbodi nents, the conpounds are allosteric NVDA
inhibitors. In one enbodinent, the 1C50 val ue of the
conpound is 0.01 to 10 nM 0201 to 9 nM 0.01 to 8 nV
0.01to7nmnmMM 0.01 to 6 MM 0.01L to 5 nmM 0.01 to 4
mM 0.01to3nmMM 0.0 to2mM 0.01to1 nmM 0.05 to
7mMM 0.05to 6 MM 0.05to 5 mV
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0.05to4 M 0.05to 3 M 0.05to2 MM 0.05to 1

mM 0.05to 0.5mMM 0.1 to 7 M 0.1to6 M| 0.1to 5
workg0904B11o 4 nM 0.1 to 3 nM 0.1 to 2 nV] O.HCT/OSW09/043682

mvM 0.1 to 0.5mM 0.1to0.4 M 0.1to 0.3 MM or

0.1 to 0.2 mM Certain NVDA receptor antagonists
descri bed herein have enhanced activity in tissue
havi ng | ower -t han-normal pH Certain studi es have

infoch lﬁf&kﬂ@dwﬂdﬁﬂboﬂ EboidYin ? Encdrin®ire ﬁqdlm hflrédafson®br a liquid
i ndi vi dual s suffering ron1certa|n neuropsychlatrlc

hyideaspigan 0’(Y§§1éat“e00gltalrp{lag eeerimoze ligyid byd rch@@gpxygenates According
tW&S&%fQﬂe 1;‘196"}1?1016 Qratu%ﬂl EQ& co%{anﬁﬁated(v%qpaaeas?t%'v%i)@moz is

Res. 58:21-3 reduced brain pH can be harnessed as

trecipd &wntaéla@&l gaﬁaﬁeéd Ydds paypigsrio pe @%lﬂwn@g@m@as including
PR 021 DS 0py b A Pl o RS ERL R0y e
Blictcarlydic paitielsscidativn seffedted parttmprmehtme Oéh:b&)marnéﬁﬁf@ utititieg a

' H.
GRTRO PSSV el By D0 B o BT Ragpin e
ﬂaﬁﬁsltga§at sath ﬂeﬁﬁﬁhtufks @he hlgﬁﬁt/e@ of GOZ jne@at 1n6he @intabhe@sdd
7, qt east . %ﬁﬁ at le hép ast 15 or ¢
U SR AYEF \’%%‘ho’i% quaﬁtéontrﬁ%u fieisg nﬂ?ﬁ‘i}?f‘ eotﬁl?lﬁeé? ure o
tRELMRMSHR chlaftit phBaldixfRASERaddn bblo®: 600¢d. CriRGediiting¥flation

pH | Cso at diseased pH)). In one enbodi nent, the

rEedHsbeAdinplading the | @sand ainthesip as, sdbentyilinediio Pradues a bauH
Wdro@%% &%dﬁ& ofP Hhﬁld f dr!)&r%ﬂ%x?%gﬂgtgn;&%ﬁét’ It B?erﬁ%%ﬁ’éﬁ@ Ghe

has an val ue of ess a out
rgsudting] cm@ﬁ@lt prefuce stsos Mishiad to priduce @Wﬁ@uﬁdw}me tha @Ozment in

t‘é(?rhﬁgat%il rﬁ)%o%%l?t}éap@’ﬂ’t g %g{hﬁﬁaestﬂ%‘{g 0%!8@88 {Ieggt%)o? ln@reggeqhe rate
thamvelii)ormﬂcarfoophrpsomdieagnddlaﬂrogm to lnretlgnel. ém’mmﬂhenrembodlmhle the

resu n?éliq@(cljdagaﬁ prl%ﬁuct as 15, W 8 18] Of ucﬁl?gulp %g%r%‘gar no‘ljr/llé 1 Fitilheé—

mmch lSjmJIhasS réacfdn. t"ﬂlem)an:asﬂy ﬁhbaﬂa&dgron’d\/ﬂ,he Gqld hydro@rivdul

et B Ao n B ot Dot SR S B prpon

ﬁodﬂk/t ol Hydrdatidh 00:g0mtd Sroduchdid @pﬁﬁlﬂgﬂhélcdﬂi%nsﬂe Bom the

é)8 mvM. 0.05to 2 nM 0.05to 1 nM 0.05to 0.5 nM
ZMHI?HWWSO“oGnM 0.1to5mM 0.1to 4 M

0.1 tme %rd&ﬂs o@thl pk@end intivhtidh chables ckfieibAt pebdhctidd o2 1iquigM

0.1 to O. 1to 0.3 MM or 0.1 to 0.2 MM and

hyqEocaken Bmévctﬁt Wélqpedtydwrae%oetgew progpctsdrpng gl gag

doRRnGORRIOHRCH; IS 195188 @D, Rl tb.coRvenBonat meodStor ﬂroce%%lng

9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, or 100.

nagurergas triswisi héracarbenseor jiquig hydibersbestoxy rmaten mscue dsneet the

190% $the]]?‘es%M inPen®idn fsQnihHre Oerd Ql%ntttﬁarﬁsu@%on@erg&)ngl%rgcesses in

mM 0.01to 6 nM 0.0l to5nM 0.01 to 4 nM 0.0 to

tBatrth procegsiofithe presemyt ingen@ion tloes hohgdneBtedg ge amqumtdgf tiler@sl energy

ib ?lbeg)r?%dcggn n@“;% gﬁtggs s’%éls 1}91 I‘rﬁ}léy BQ Bgt 1HMe %Ql?rk%aq 8)?%1?5@&6 pjiocesses

Iirithe piiodesi of the pridenOintention, SymivgsisOzad 1stp1)0drhced\45 p@rt f arpoxBdation

1%1\4210 n%?(s f]@ﬁia ogli\%m%eré#me Cat]ﬁl)gli\/%?al%al Qj(l%tlweag@égl c%dlu&eg tat lgss

tﬁfin 600eCl-GoParviedcuss tithighHevel Soft@D idnmehating tht Retural gas are

nmpound i s between 1 and 100, 2 and 100, 3 and 100,
‘ﬁﬂléedl@@la“@alé e tpperatgreph &1613@5131 FEigaign I@thonsbeéq‘fﬁ6%@ A9
I@BQV&g Qnalﬂgn@lﬁgof]ﬂegb mds? b@féﬂlo%gcpfrorg Qnead%jdaglglpprog&t %chtontamlng
100, 30 and 100, 40 and 100, 50 and 100, 60 and IOO,
thosyahesis G, Prd0 tanebting Gic osidaten pradicl &1 to Deefligsialigivs
Whenever a termin the specification is identified as
a range (i.e. C _4 alkyl), the range independently
refers to each el ement of thé& range. As a non-
limting exanple, C _ al kyl neans, independently, Cl, C
, C3 or Calkyl. Simlarly, when one or rmore
substituents are referred to as being "independently
selected fron1 ‘a group, thls nmeans t hat each

1 . " . a o oy o I e N | o



10

15

20

25

30

secondary, or tertiary hydrocarbon, including but not

limted to those of G to C. Illustrative exanples of
wa@bkdogh4gioups are nethyl, ethyl, propyl, opropRECT/US2009/043682

cycl opropyl, butyl, secbutyl, isobutyl, tertbutyl,

cycl obutyl, 1-nethylbutyl, 1,1-dinmethylpropyl, pentyl,

cycl opentyl, isopentyl, neopentyl, cyclopentyl, hexyl,

i sohexyl, and cycl ohexyl. Unl ess otherw se specified,

HyRRcaiblY bm%& Pa G@Nd Bﬁ‘dré@%&%&&%eﬂﬁt‘é‘ rdctSUPStdif 4k 8dst 300°C.

W th one or nore noieties selected fromthe group

Lonspdt, lifly tedrmal q{l?ﬁgy iastan heghpxshpneg prochspet igheyive to conventional

B mro@Sls AT no AL R SER: oM cgarbon

@&lyRowies. ar yl oxy, nltro cyano, thio, sulfonyl, ester,

carb n

ca! DA, B Ay AR ISR iy e

mhahndﬂamuwmgaﬂhhmbmumlgﬂﬁphacmmnmhﬁgﬂwahSQQMBWDtyMEﬁCOz

S_canmpound rot cted as .
kRS RARE o St 6UF R SRSl o EFRRE Ypyposis eas
mmé|rﬁtureﬂgai anpihe theflna(B‘eﬁ@Qﬁefﬁéibn@fhf tiRRrpabeed lindies dney pSsses

gi r@amc nthes 2 (ﬁﬁzn VVIe and Sons, Seca qg, bl
RSN © DY e BB LT SRR pefeasible
gpt | CI'h@hél%hv%lébér%y éﬂﬂibﬁﬂcyﬁ%f two@lss mneeprfedeun@ven@bh 8k ®renders
rono, .iodo I ox et erocyclic, [o
TESPBIHAS Natdrak SWYO%P%% gafgfjelds Ri(rﬁwwty ylt Rﬂ?%ﬁ RGY9Le CO,
hdtRXYERE AOipment M’ﬂlrﬁérla@s' s’fdhld ShORCkb 6% aﬁ‘d ent Mabe
or al kyl) N H or al ky JEH or al kyl) Q(H or
15111@94 t)hat A1 figtagdarg Wﬂ)ﬁb cap te(gf W_ltélﬁqalgﬂm%qewpq:r)itures ofup to

|
G158 LSS 5190
@tilyioghktinl qudmi@n repatidneppetiak yildatw@(rﬁ):tiwslzqr steam reformlng

r;eﬁ%i)%ns} 215(111 18 %eljcl? ¢ al(ﬂ)igggl_eﬂl 0&9&;‘1 sza%utlhﬁ(%g)}({faglrvr%to, ca exphange

@mﬁhﬁ&h@@ﬁmﬂﬂnneﬁdngnwnmeﬁhmwmpahﬁsnﬂnd1ﬂdmpmnmiwhmlme
fluoro. The H({n1 hetF ﬁg %% "het eroaronmmti c,

RGSHS TPRICRANSY B EPRC9PRHO] H AU “at | east one

sul f WS,uﬁm(h/@ﬁm,WHﬁh&W@gﬁﬁm;areleﬂ’[éﬁii?f’&l’es&ﬂem ad Toperatiaipt i c
ri ng e, term"heterqeyclic" refers, t non- ar omat.
C&ya?cte@‘ gF onpratiy %quﬁfe hdicelgnaentyarg defiog wﬂvé Hrepthr g dn Gily

SMERAS [I0MY G6Mtext SBEIEMEnts BdfIniRAEMw Bdth wﬂ@sgadwauﬁluimﬂfe h&m
exanpl es_of heteroary

rin Nonlimting

eI FE 9%1}1116%1643?rdﬂ?6f§‘“?’ﬂ15 PP driRgigates thay F@rﬂﬂlgn%ﬂrql%@qnw are
&)ﬂﬁée%dqyljectl)x ik dy fopeintt BEQ Y basifwdRER K he elements. In the
tetrazol yl,” pyrazinyl, benzofuranyl, benzothiophenyl,
@ateﬁbcpf;ﬁllememts @ngen@’atwg ang@f wan@ﬁylectﬂp% tle{o e meyatlvely
&%ﬁ&%e‘alo\flo erhtﬂgf;)’l ]i)leél ﬁlgicggf’{}ﬁ{! the ﬁ@s%ht@i ORZQhY hre clectrically
puri nyl Rar ba oxazol yl, I azol yl
qogmcmd@ztbq:qﬂnrectm @ llirhlteﬁi}adl azoI yI i sooxazol yl,

pyrr Y, |

oy by USR0S AG Dl r o
h}&ltqoynbomsl tbat npayrcagt@inedditiomad amhﬁlroc:art@naompor&mtsIue:,ludmg carbon
(ilid)x1 car ] ar%lco)rlloex‘lde 0 rZ oelneétndh Xa%r? éu?fi t hi azol e,
|sog%|azdfe pyrrnlag yg |da2|ne pteridinyl,

azi r iRkiferesg nd‘vhloa‘Zg)IlewhicB @lﬁdWsaaZS@ktem ueefaldbagradtieing a process of

BOPRERT Rt RS G Oh AR PSR AR ST Wecriea.

Indlapiol r}aﬁl‘ﬂil ,ga@c}ﬁh@i‘ﬁinﬁ hnetlﬂyé ardiébétti@yl |d10x[1& ﬁ@@dtﬂaytgd from a natural
ul noxa| ant ni ny. oxan ter
-Saf‘f%%ﬂd%ﬁw ﬁe%ﬁf&&ﬁﬁﬁ IAInS & eﬁ%{£§|vslp“5ﬁﬁr&%91o¥lde The

i m dazol opyridinyl, pyrrolopyrimdinyl,

pyrazolopyrinidinyl, adenine NG - alkylpurlnes NG-

benzyl purine, N6-hal opurine, 7N6- vi nypuri ne,

N6- acet yl eni ¢ purine, N6-acyl purine, N6- hydroxyal kyl

purine, N6-thioal kyl purine, thym ne, cytosine,

6- azapyrim di ne, 2- mnercaptopyrmdine, uracil

N5- al kyl pyri m di nes, N5-benzyl pyri m di nes,

oy e
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alkyl), -OC(ON(H or alkyl)2, -S(On-(H or alkyl),

-C(O-N(H or alkyl)2, cyano, alkenyl, cycloalkyl,
w@eoob/14d3ydr oxyal kyl , heterocyclic, heteroaryl , PErys2009/043682

am noal kyl, oxo, carboxyal kyl, -C(O -NH2,

-C(O-NH QHor alkyl), -S(O2-NH2, -S(On-N(H or

al kyl )2 and/or -S(0O 2-N(H or al kyl)2. Functiona

oxygen and nitrogen groups on the heteroaryl group can
Reurdirddl REdresl BaPe6RSs aitufll osl@ShipAtng MYihk@dng carbon dioxide,
protecting groups are well known to t%ose skilled in

Whege glptcarbglh oiilﬁgpqpé[gls?sr gt ,1@@1}%94 V. ?/owf gas in the natural gas reservoir 1,
SEtByhHexhsi! %)ﬂ conip?i %lngzlt}ﬁﬁé i @idodldiox@RAvhere the carbon

- but'yl di phenyl si , Lri or substituted trityl,
d;p)@g,q coglmmwess él@ay|50gpb@@ t@u@ﬁraﬁgasal@éhefpsea\m 1, but where the gas
&E&&é@ﬂé{ﬁl ’the'@&px%ﬂels&)ld 03! at 16883043 %QL §b§ Hﬂo&ﬁ@y#he &@e

term™aryl," unless otherw se speC| refers
wapdsorhfrm sechagird igas feservdinmay he m@ptﬁ@ a@hm}g to conventlonal
Igétﬁgcﬁqg ixtr%tm%%%@{ H%{ nyﬁ %glsyljesegxyo?lu qn gl"flgmg)&hment the gas may

I onal or nore nol et

b;:&lxeractt@blfrérn dmniatuenl gascmwrmmrﬂsb)sdlmlh@ ohatiryldgee wll } igto ylie, natural

%as reﬁgfvo L ula%l%%?réw% éatglc gas lﬁoﬁ% {?\ )r(lé{tsﬁgé%:{gsﬁlyv 1rri tflrgugh the well 3.
p h 0s [hatetional pledsydh ton atsesting e;tti‘memomnfrargai &om edlatu@'ﬂ gas reservoir

rotec ed, as. cess r own_to thos ki
v G CREREREOT su ¥ SR i Rer BERG, Doy, edaiing
anﬂrfﬁt:ﬁﬁhg ey 6¥ @Sé@$0 i ikdx@gastion oSwatgheﬁrbrﬁ the rdQ@vbirll, |
and Sons, Second Edi.tion, 199 i

rtail . L.
SHBYH At be adidieed e g ap asd: tm*}“@fﬁw%ﬂ%@e# e &4
@%r@“ﬁh%tﬁm% &vefll3Ub QissdHY R ®ons BY AR in thO EQervblY dEPMYrease flow
heterocyc heteroar¥l car boxy, al koxy, nitro, NH2,
(géq; le a)ndzhrow]:](tgq: W9 1 % hg ;@Wl‘a} B8n Pq: frac_tN(:qLFodqpen the reservoir
@hﬁéﬂo}l%r@l&&h&f gaf%lfﬂf)yvl ‘t)y’ injed¥ a%gl?ﬂr@éhr)e%@ (;}J%E( @Fough the well
kyl)2, -N(H or alkyl) d( or al kyl) O N FH
Ihmr@thg mserv@f ) hhq Hglypregsuieyfiuid or_ 8¢ @yilizqd ﬁpré‘facwlkg fmpyp be water
yﬁrﬂl ef@ﬁr%féé&%odm@ﬁ? lCQI%LIF éﬁomd@q’yﬂere tﬁy %%@&MA 18 provided from

ete ocyc het eroary , am noa

alayr- lbrmhy:a btkapim, of LI IDpceMHH, the pre}(e@ 1nN(an1QaHd@s|crllaﬂdl¢ylo)V
-S(O42-N . -

ar by 13 Spngag 0 Mo e Y B0 Bl Toghie oA fbon
@m@mwMMmmmmmmmeWWW%dmmemﬂmn

t}oﬁlme eoc\?re hox1 l ea%:qgrrnl?)ﬁ%r ?egstaSlS aﬂe"é)gr QN ! WI S?g vol.%, or
A st 6fS|Veﬂ%, oiedt &ast oY, al akydastqs U oas atl&hiti®d valis\oé the
| i nke %he nnlﬁcule t hr ou .anhargl rgu as e th
R %aSaEF R raget 83 PPRiPLoMERGheg ‘88‘31“ &?%n Rgppe, the
AltsQxy @ds ydy conta#Qxy ideaaY tveighd Hyeaoyxra@bguaysl dhdf Ylan methane
al kyl am noal kyl kyl t hi oal kyl , am doal kyl
YRR Foahaesy pror@a? 58% bﬁﬁ%‘y pnd la?ya%lwoamlh%?é?w pulfur containing
falakklo ok paTald et erocycl i cal kyl

roxyal kyl , f onam doal k sulfonylalkyl and

t h| odi hwrtr%zfeé gﬁ?af?élﬁs # fredstagk llaa@rowahf% gonvemiag hggragarbons,
paﬂhéﬁ%y methAnt 83 the QLML g%?toscfﬁ% OF ﬁlbr%qlqurcﬁfy@fo%a&ensaanwor one or
nmoi ety of the structure -Qal kyl, wherein-alkyl is as
geriliged hagregabomixggenatern Theoyrpcess ineludesgha sery of pasalpticstly

Py S e K] oIS Buontfy s
@b Japll sutaequentlyaptlikyg tho pxiglatmrpymucfl'gae dr @ dpmivagiivik Bhasebof, as a
The term "al kenyl " means a nonoval ent, unbranched or
branched hydrocarbon chain having one or nore double
bonds therein. The double bond of an al kenyl group can
be unconj ugated or conjugated to another unsaturated
group. Suitable al kenyl groups include, but are not
limted to (C2-Cg)al kenyl groups, such as vinyl,

allyl, butenyl, pentenyl, hexenyl, butadienyl,
pent adi enyl , hexadi enyl

2-ethy|hexeny| 2- propyl 2- butenyl

. S
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hydrogen is inproperly designated, the terns 'thio'

and 'thiol' are used interchangeably, unless otherw se
WO poa#Bed. The term "am do" indicates a gr oupPCFUS2009/043682

alkyl)-C(O-NH. The term "carboxy" designates the

termnal group -C(O OH The term"sulfonyl" indicates

an organic radical of the general formula (H or

al kyl)- S(=02-(H or alkyl'), where there are two

1@&1{&’&)'0]% f&@i’tﬁﬁcﬁﬁ%ﬁ WeR Ocak i oirédcnbhre Rl dy @¥36889A-and BdsEReMy

phar maceuti ca acceptable salt" refers to salts or

Q?Bﬁii’is’é‘ﬁé‘? ftYHla)ParP@t %Yﬁeltaitf‘eordlézéﬁowéaorbHO& ligyideal activity
of t et XIRRHNM heQkirhdi& %AE %Sﬁmferé(f‘t\()%deﬁ ﬁ%ﬂglpﬁﬁéﬁ‘ﬂ dPlettive to

m ni mal undesired toxi col ogi cal fects. [iTmt
qoRdud the Prosessd gy inpntien. gpan e@)wb@m I andoalve 4 may b2 used to
(For ydrochloric

R D e b e o o

aci d,Thaiextrictedages tay bebntlhiendd ko) fo being ogtahyttisalyarantisdly oxidized.
1t [ [

”yﬂaere?tar?c{t%fa%é Iﬁlg?%g géngﬁ%b%gd %2 %&1%& ﬁg‘arffi‘aq ogld(ajt%ﬁ%g' She %9 fngre steps

iacliding lb)edepmsmrlamgm) ttcanmry the extiacked partoiramaeve |swlfuréltogl thé c

h | §
Aatod BR AR oTebn e SRR BT ERGR B hfsfenR S o
c(obbdnbimieo aohdide |opmnslaloh<stl<ﬁmngmdhey\¢;¢tﬂactmbgal fomtaﬂ}mspamab h

as. zin cal cj bIS th, b

i SRRl CTBERH £ MRREC UGN e ShapTsieps in
mtda@ﬁbmwhaﬂaoﬁrh@ehedmgst@ps with a cation forned from
ammoni a, N, N-di benzyl et B,yl enedi .am n D gl ucosam ne,

t et r SCRYFasHdeAT WH VBiFallt eyt & FREHVE Tl ; DISpUTE gice natural gas
&R h ANEe odBbscAnk i gamraﬂyg relat®/cBil NEh $raRnRtegs. Slah
or the like. Also included in this definition are
oo RREE G HRTIGA S Ewptham wPTgidcer Famy! MER {3 WMBhnInsp
énkmsne%k ithd &fadtll EREnaFhbive ﬁnre%@ %hlfs M@L kov15 04 WaRH is
he quaternary anmoni um sal formul a - NR+tA
W\ﬁéfl eiprefacid praspuse raapkipl Wlmmnw p%tha Sf@mﬁftﬂ@rnrmﬁss of the present
|
ulgﬂ éllsg% dgllrc]fa%? es@?hat ﬁ‘{]g)?@s Sﬁ? 8% tg? é}gﬁctefl %sﬁdg%d hot be adjusted prior

tp If@eslpigaheeextrmtectgas Box jdedsteck(fsuwinldis podiak @adaélon
succi t t I .
ot U0 SpuPRLRLSe SRR o S0 B LSk v
ﬁmamdelrmt\@jr lb&n zydmpid: @, pranue df qnlabwwlwd\éﬁaabea)t or a‘tlwe l & Ma.
TR S, v 35 nitR 50 el.n and, unl G‘F{

BARSH Py WP lE g B R B BRTeBP O Py
snithlofe Itheatfmntph] ﬂ&mﬁmmf alteameﬁmomlbﬁe@aﬁdlmg the fverf/ lhfgarpressure
react| on or 0SesS.
SEF SR SR oSl BHURS RaR uany e Sl ittty Hegrtractea

ab OEEanSitoli@ent, Bn bheicl basavRi@PpidsCurs yuvB e s VPa thdy be
ood that the various possi

quleg be unde&?t 9
fopreyErcof fiopel Mol MBao Srcercubis e aRd MEr & b

15020] Omgﬁpressg;@%fmphng of the individual terms and
exanpl es, unl ess otherw se specified.

As
i |1 ugh Yy high pesgaipedracted gaspytielexpandgq by @ﬁqhgg geivaryidghn
I(r@sut@ régtréclﬂe% g@t@roﬁlq{nms tﬁrbﬁjﬁr ankEQf)athdélF@ V&Jhererfﬁé Mﬂaetpdjé%lmay
d (9)- utyl 1's covered by the ternt
qldn@p mhlrmw@ pwanswlml agessye elfaRjeder tsqaadnt peile extmgise grroig the
e ST e ERBL O] T Moo hRARRY e BRABIY AHich or e
ldglppressicontrantcl gndiratgh thagxpapicodiadé thecoerpy i rr@y hgutilized to drive

ﬂ@ﬁ#gﬁ%ﬁ%ﬂaﬂ% ? y%grglggrgggb rf alf r[ E%l%, r{lageoe c%g;turgd as electrlclty

der|vat|ve thereof to a host in need thereof: FORNULA
| wherein: each L is |ndependently C-C6 alkyl, GC-C6
al koxy, C(=0)- (G -08)-al kyl, 9Ci -C6 hal oal kyl, alkaryl,
hydr oxy, -Oalkyl, -Oaryl, -SH -S-alkyl, -S—aryl
fluoro, chloro, bronn, iodo, nitro, or cyano; or two L
groups may be taken together with Arlto form a
dloxolane r|ng or a cyclobutane rlng, k =0, 1, 2, 3,

o e
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X is a bond, NRL or O each Rl and R2 is independently
H C-C6 alkyl, C-C6 al kenyl or C6-C 2 aral kyl; or Rl

warRM3tan be taken together to forma 5-8 nePGBEDH09/043682

ring; each R3 and R4 is independently H G -C6 al kyl,

G -C6 al koxy, C(=O-(C -C6)-al kyl, G -C6 hal oal kyl,

hydr oxy, fluoro, chloro, brono, iodo, nitro, or cyano,

or CRBR4 is C=G n and p are each independently 1, 2,

3 or Iftan &a6AUiSnt ARkt iR éx&aét@@@%ﬁﬁ@ﬂ&isﬁrehblt}ﬂ fr&ﬁ 1 MPa to 15
al kyl, G-Cp al koxy, C(=0)-(C -08)-al kyl, -

MEp B@Wrractwp értoas(tbe TOPEINRIF &, NOCHPFIIN Osrhs ﬁistracreécgas may be

Iﬁ:'e@leQO I‘EQI[IC&M@E)I%SSH% 0%@(2&‘[& &SQ& e pf%cg'l%f th‘é rln\)é'ﬁ%ne hitl,
(CR can be is a bond, O

tgqygforq;pl@ exmtedwagpee@ ngt lgﬁ ﬁ@@ Flyroug@,an RGN Ilzaq gnt(gdpment the
J\AJEQ%% O?I@%g%t &ﬁRﬁGﬂ.l—:R% fr%'rré é}&s&/st%? Cf:?r_pcr%ctlg1 nE )t/lTe)p,rocess of the

iNR&Midihydr ot hi azoI e or NR8-di hydr oi mi dazol e; wherein

eac h Iﬁgndtlil{ag?lg&ﬁmgﬁ g Jﬁ%gfée %Vﬁlg@}; fim)ée E@gﬁf’ ag}ﬁ%l \}é)llllblg r

pmsxshre; \Mhhe@‘éln @msmrq/oﬂ-ﬂhe Gltra@6d gdskaydy, ragediday d very hlghrpeessure c.g.

BB TR g B Qe by RGP b o | SiRae MR For
dXamaleetht akieiatet] ggehineliavt a Vf:l(yr}mg}@réss&e e ehiegds s limtalso
not, NH het er oa

%ﬁfﬁ%ﬁ%@%‘?‘%ﬁ?se%e‘nb‘ﬁ?efﬁ?f“ﬁ% é%% g%sae%gﬁct?d‘ofg%? Hgyresepyoir 1
they {malgﬁrfﬁamrmelr t@fle & tH@reS@lethecomé%R%)d- of Nad\-In thif
NRM(CR 3RAVNR 2- is RL.R2 Y i.s not =0). I n one
SHRGHRGRE e cxiragied garmay bs cxBtiEp aéﬁlsg'e?q‘ RfgYsHre V%ep gheggressure
dMhEHQLAE o 'i@@%}' RABRAtad Hphifsich JTChxtrhdlePoal @al/ b6 Bl @ded when
subenbodi nent is abond, nis 1, R3 and R4 are both
the extpagted\ersshagd PESIHERRalow p ﬁerpf&r&hu eGP Y\ibie sBSedimeRf the
e%'frlctécﬁgaﬁ I’ﬁ?ﬁ'}ﬂe ’fecpt}ifo'ugly hn exﬁ&(ﬁdemi Wh@ﬂ/{he ﬁlféé‘élﬁ’@@ﬁﬂé’ J:xztracted gas is
i m dazolyl, furanyl, indolyl, benzot
wenkieh.dowaydr, thoextisetag gdsrmaiehechynted grpung W@ﬂnder 6 to avoid

I%si(o)‘r;lfblf Al; e§#g:?ég%%4\)dﬂ§ﬂ 'ﬁlf: Elﬁ%éu?‘e 6'}]tl’1 ﬁ{;t&( lﬁ(S 1&6’1&&/ a very high
msﬂdm@xy, fluoro, chloro, brono, i odo nitro, or cyano.
In a t .
trif Iﬂl‘l,l (la;lﬁ %Iﬁe dhﬂci%m %Fﬁ’lgﬂ%%gsg ofthtle }eﬁerpl?%%%ﬁécﬁn, E: le)étrr%cteg Igas may be
dwyldﬁxmyd tollnhllnn wlifumrtdhead deudtieatiodif tterdtalshelecdoeashyee partial

subs% ituti n

atl%gf tﬂﬁg}g{actegﬁ j e extrde edt%ﬁ e %ulglhnezeg 1 ofe or more
s@p:ﬁuqe stepgprivi & itd@ripaciaexitatioAot thie Sxmhﬁtgai, utal&ddﬂvg h the
1t‘\ﬁ %lutljtﬁ rou%ls I n one subenbodi ment, Arl is
SYRHST 1t Ut REXURYH Dive f1 uor ogroup and one chloro group.
| N ongass shpsudastitNBOExtrabed ghssmSuddstaid Higiedvol, iy, @dgter than 1
chl or I.n one subenbodi e Arl is substituted
Vit of wg{u&fﬂn&llanggswﬁ@pows o158 28 Ewk%‘aavlﬁéﬁt In th Brogess of the
Bwsibh, i Setadibd fasQORaINBLMYIh 18VRWT sulkl} cOMEining gas compounds may
subenbodi nent, 1 is substituted with one
Rertopied & tsAvsery Flimgaigsuch i frrontaimegostonishromphg extgcted gas
IBD)‘% W&atal}tféa%r%@%&pﬁ)gﬁ%@ ExtraA[e& g!lsS Wﬁ&te@@g c'oﬁ"talnlng at
substituted wth an L group a 3,
lpwss i vl of subfunerataieing g@@ém@mdﬁmﬁ be eated t@ r?ﬁh@%?ﬂ cligngpte

h SHRPLddhind c WM thet nRQEHH
oo PR Ul it KRG Bl e'gﬁ?ﬁney 0GRt CRBbing
witieh it ascebbwi® h L groups at the 3 and 4 p03|t| ons. In
one subenbodi ment, Arl is pyridyl. In another
subenbodnent, Arl is 2-pyridyl, 3- pyridyl, or
4-pyridyl. In one enbodinment, Arl is a bicyclic group
wherein the Wgroup is attached to the heterocyclic
ring. In one enbodinent, Wi¥ a bond. In another
enbodi nent, Wis CH . In another enbodinent, Wis C-C
al kenyl .
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In one enbodi nent, each R1 and R2 is independently H
or G-C alkyl, for exanple, nethyl, ethyl, n-propyl,

WO sopnepy! , n-butyl, c-butyl or tert-butyl. | nPCHES2009/043682

enbodi nent, R1L and R2 are both H In one enbodi nent,
Rl and R2 are both G -C4 al kyl, for exanple n-butyl.
I n anot her enbodi nent, RL and R2 can be taken together
to forma 5-8 nmenbered ring so that -NRLl-(CR3R4)n- NR2-

| N 19 B PRREETRRE sulfir bSubbingl O1uBDR iseRAGH BRI the &rither 9 is
3. In another embodi ment, Rl and R2 are each CH2. In a
P R ERET | Thersieriqdssarmpy Bappssed Bropgh e agine scrubber 9 to
&Hﬁ%%ﬁd@d%a&m%%mh@e@éﬁv%(kﬁcé Sr e'irmlﬁaﬂe ﬁllfur contalnlng gas
subenbodi ment R4 nis 1. N
qempouns ip the exjragied gon eligwidoelinfarng amiges effectlvedp lrwu@mseﬂfur

| -

SR ES cor R on B Lo TR IIRA forfipeBody
dvatigaiglof monpgthmeleinet gy dictighblamoe, detbanylaniing end mixtures
t@% or cyano. In one enbodi nent, CR5R6 is C=0 or

= . I'n one enbodinent, pis 2, 3, or 4. In another
e rrbod’iamingthe extiaste® gas|throogleaneamipod somehber, 9 RBy devdeaR6thacabon
c’_l 10xi eﬂcootn Car o r}g%%exéraco dcll %asq%’r%ﬁg tcho& (Pue té?glg larg%iu%np 1)3(/ of
@rhadidihtin thelksiEtddgaCelmilafon etz df mstant(aﬂt%ja&)}l:bf the

L d f th
Bt e U e OB oS! Ger ol " erT ] & Yo%, or
lgasead ed1.%, haat [dast 8@ed). %, GRFRG) bepisible. Fadepand elﬁftﬁe)/process of
Bel ected, for exanple, in one e Odl nment t€%| S 2

(B Bt RREREIION Ny piefhe FAsD ‘B’tGH RSPy exerl@e gaﬁ is

HABCEIABO dh MBI nsivRR dutiRQI tiel HBOR diok e 3BAEMNBF the extracted gas
enbodi nent, Ris not fluoro. In one enbodinent, -NR -

gy be Widptiiablg) At ansqmhodisisat. ddiguid coaining#p 3O¥iRe may be spleted to

&E‘i‘éieﬁ&il%é&dcg o} élfmﬁéi@%ﬂﬁ@%ﬂ?ﬁi%g c&@uﬁ@ﬂ?&ﬂ M cxGadtdl gas
one enbodinent, Y is a bond I n one

withswtisig figantly affectiog thergarkap ﬂﬁéltde e ohthp extragted gascHor
éYngf% ot@tﬂﬂ H%\zlﬂﬁélammgrﬂa h l%llglgfllerrrg{]htn?& fg\(ﬁrgﬁffusr%gptg %ﬁﬂgfgﬁées in

thp exteapted gasthat for ggrbon choxadqyl but not phenyl or

het er; e

et 8 Do BRSELIED 0 LOBDER 0.y
W1.4¢, oﬂspllfat cdnitegnidg peysiotpomds.| n this embndnmdntn&nbxtraéreﬂ gasneed not
be &asssﬁ e&fog ar ysmﬁlg?er I,9(.%‘leredrlce ﬁuﬂ%luro CnOél%aie iR ¢ néoﬁ%mc{szand a s&qbber 9is
IN%RB], BSMﬁntﬁﬁplabésy lo) a,voi‘dl%&ﬁ?é AHoRIERS Képs and the utilization of

S) NR6R7, .NR8C( O

ng %%?H’lgSﬂWP‘QE‘BC(a 4 R nd‘PﬁV%P%F‘ﬁ?td‘é{E% 18e oxtppcig gas

@t iat@odt,] vOr.L of silfur ,contamln%lébﬁﬁ&ﬁhds AR WerubBS 9aigl, dRtidnally be
are I n o e enbodi nent, | s NR8 O) NR6R7 for

H?PF éorﬂl%@@tﬁpl ¥ péarctlﬂp@( quli‘ her
&ﬁﬁb@ﬂhe‘ﬁ?&hen the SRfhcR %asacroﬁtaﬁn@ |ﬁ€1‘ﬂo§tQ%I heyr sang c&ﬁhﬁﬁ&ged
fromthe groupconsisting of: In one enmbodi nent, the
@mg@q& chlbgerc%lﬁmlgﬁme@pt 1Fté1?erwptgm4 but gy thg process the extracted gas
ﬁ%é@ﬁﬁ‘é& hisild the @cQRE @bl e sal t, est er, prodrug or

derivative thereof, wherein: Lis CG-C 6 alkyl, G-C6

al koxy thegesgys-of @e_p@sgl)t_ua‘{epqu)n thejextraasedeggh @l kP be desulfurized
1ﬁlalﬂ@§ %urlzéf}l)igrb?%bfnt %h@éblb suguﬁfdéb glng%lf!ltenag p?éfgr}ﬂ) disposed
-S-ary l'uo l'oro rono, or cg 8
iore gugvd bed grtbepeulfeizeb dntlakeoceso @etehmtctw gak isArefdiablyf or m

Lol ane fLng; c LLNgi K .=
%’5195.\9%(?& @}: ceo,&raC{I‘gllﬂgg glﬁaéc?] %e[c{ O%E@trﬁ?gg?o,r&ggtrnﬁ%%li v%i/efl fl'he e%tracted
t hi ophenyl, imdazolyl, furanyl, indolyl,
benzot hi ophenyl benzof ur anyl , benzoi i dazol yl; Ar2 is

phenyl; Wis a bond Cl-C4 all kyI or C-C al kenyl;
each Rl and R2 is |ndependently H G -C 4 alkyl; or
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R1 and R2 can be taken together to forma 5-8 nenbered

ring; each R3 and R4 is independently H, Cl-C6 al kyl,
w@0984@I’koxy, C(=0)-(Cr C6)-al kyl, Cl-C6 hal pi/K§1009/043682

hydr oxy, fluoro, chloro, brono, iodo, nitro, or cyano;

or CRBR4 is C=GQ n =1, 2, 3 or 4; each R5 and R6 is

i ndependently H G -C 6 alkyl, G-C 6 al koxy,

C(=0-(C-C6)-alkyl, C-C 6 haloal kyl, hydroxy,

gcals U&{tﬂns l%tifl IQ\Ve‘Ps, of! Qﬁlﬂméonthl(ﬁﬂl‘g,coﬁbédn@s e aﬁﬂ@s@@wolo% &R@Rﬁe
s a bond, Q S, SO S,

m\%@abb: % m@ﬁw yol. Whﬂéeul@v corfaipigg epmPQYPgs; Impsenmd@ne@ o the

[ﬁ‘b&){fl aﬁthé\l'ﬁgn%f}'@l@&zpact htNRs 8 ost NG Lo BfHur &)Iﬁalmng
al' kyl ), NH- di hydrot hi azole, or NH di hydroi m dazol e;

q;gﬁé)pémdq g ¢he dasulfymizatien qtqu@%mdmrpgpssp.;s cgptac(c;oéthe extracted
gak Mh ' i Del 6f s%'lfﬂr RRoBH %bnf%éha@{ne[h@ Belndens rig efdthyt H

al kyl . one e nment e compound IS a
mmd f@feXﬁ@plmwhan the emraca@dpgaacm@sun@rc ghanyl vol.% of sulfur

garﬁlgl?%?&%ﬁoﬁlﬁis&le %ﬁ%)a%{efi I%Q{ ﬁgrg{agsﬁﬂ%bgf & s&%ﬁﬂe&? é%l_ﬁ{l%%{ﬂéur
@ptaainhg/domp@mc@ fﬂldmkicbalalsspb of ddskunding thy shrubbyd ext@alck ghs by
Q[?ntaﬁoxxlth as %d Sﬁlfl%r agsorlylng ma’[S I'lgl iy gér:su[furlzer_ Ps 2% C§8 g'i)ﬁ%l‘i/ int‘g}ée

orecy
Itradeemub&geéﬂn&rscmbbfmg,ﬂie e’ktr@ctéd)gdm a di oon ane ri ng or a

cycl o

heny BT S g pitaei By seRpeidnBi ol b asSre
it lay b Dotaluykd whe D@ihii@p ey WesuFenzebu fmamythls for
belﬂénlz{r?g%gég ltl{glhargéaéﬁllﬁfcl 12 gg%laﬁfwg{,]% & %&ggent g% tflec préécess the

dond epandeatiby materié is Qcé}mﬁéljél‘ﬁlly ailabid nRARHaRRat G0 apﬁ sulfur
taken together to forma 5-8 nenbered ring; each

aglnerbey effective tnedesrl éﬁlﬁ}rirom SUbEmr B tay)iRg Fompoyndsghag ICRIBW the
rgtagl ué fe %xtﬁ@ed K% |cont§&ec§§1ﬂh@k Aaakdedl, > Suldly i deorb CF%S

| uoro, chloro, romo, iodo, nitro, or cyano;
mgte@i(jnay]mﬁlugle acZwe gle@qls melu@ggﬁnq:ggmém donRer q))gde alumlnum 0x1de a

ﬂé‘}g%? ?{%ﬁ lsc%x dkgé athgtu?é é(féilo%papg Fﬁl%lxﬁfe%f' %gé( ma@nesmm 0x1de

dnid uarkel, 0x{r,d¢| apd onay hIerwlﬁ a smm@d or hmﬂcrd‘ornmd of ybmnna gticaCRB Rdna-
d O S SO SO, CH2, NH,
?C&%%l%%gﬁgfﬁeﬁaw @;8@ Zis OH NH2, NHSO 2(Gi-C 4
al kyIThe db&iﬂﬁ@@amiﬁh ﬁw;femsaa@o@umd 6R7emHO(E) a@@@nch@lmr in the
%tk 1y clo)ntainli\lrg%%oln% cr% &Bﬁ?g tg %ie r§ lrl% geﬁagur%%g 511(2{nar1“[1 13% %be’low a
talhlbeyrhmremt whwhenlﬁlrradﬁebealnd tlB]nﬁhte&faElsela;{Dhbddl’fdﬁpﬁl den:trlhy Ihlan

tla:f xéac}tﬁclﬁaé%}nag bg ggrggcbﬁ\y%%wgl %?}gar‘glon Imaterlal in the
(ﬁ:@lﬂﬁﬂiz&bllseht 2 @éﬂgera@%& Bf frorR 1 OGHUE 380°Cd ﬁfofe\/lﬁféﬂel\éﬁlytalﬂﬂe@@ferature
wherein: L is C 4 al kyl, C|C4a|koxy C(=0-(CG-C

of)frogy kYPPC t@PA0CCA hal oal kyl , al karyl, hydroxy, -Qalkyl,
-0 ar’ﬁfll ’ext da%l_eld ga@m@% ﬁé’ llleated‘?’? Q{e}é‘h)erauréjgftfe%tlvecéal119({uge I(he r1*])211"[1211

br ono, oups nm
m@abm efthe oxtfaotedngas iditlexetadnepartial gxrdmtdm réﬂfctoﬁt Irkanenbodilyent,

or. 5; Arlls hen r ridyl; Ar2 js.
té% gﬁglafst;ed s rgay bebhg%tgd n G %10 oha €1¥ﬁ e;lerggnl‘ts Sprmlg&o’ beéngcfﬁd Hlthe
cﬁthdiyti@@)artﬁl oxidieipe ndetot ly Mio@rthd@i on€héatial Iegehuentcmaﬂib wathin the
e. taken to r to forma 5-8 er ed ng;
e AR (R e UG g I P o Ry e oy
teipdrdtuies] ) &-flovide 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

12
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n =2 or 3; each R5 and R6 is independently H G -C 4

al kyl or OH or CRAR5 is CO or C=CH2; Y is O or CHZ;
WQ@2008/1€H17 NH2, NHSO 2(C -C 4 al kyl ), NHC(O NR BRIUS2009/043682

NR8C(S) NR 6R7, NHC(O Q(GC -C 4 al kyl),

NH- di hydr ot hi azol e, or NH-di hydroi m dazol e; wherein

each R6 and R7 is independently Hor C-C 4 alkyl; or

RO is Hor G-C4 alkyl. In one enbodi nent, the

GOIARWAL: fusizAi08 0B ekt bebRiectlcdtehs oOihit@lly heating the extracted
phar maceuti cal | Ié acceptable salt, ester, prodrug o

gre i WhafirsyBeatingplement %é?aélfl& the exgactgd. geamaﬂnmbse@en@watmg
Akxy., C(=0-(C -C4)-alkyl, G -C4 hal oal kyl, al karyl,
hydr oxy, -Qal kyl, -Oaryl, -SH -S-alkyl, -S— aryl,

f1 uoridic cetrctnd s tsherted tojagempergrrest errabovathe pyie- I&mtgqﬂoups

t@ﬁ%er?tﬁ cﬂf‘ﬁ%‘erkxtrgcgé‘& %@ th%%g&%&ﬁ%ﬂﬂ% %g@ﬁioﬁtaﬂr@n ok E}]y e

qatailvtlcsmphbwdiatlowerastoalbmrtble wese@ic @4 pattielpxidadon gat@ystrsz@ the

' i - Kyl - . . R4 .S 1N

3t 0 s A B AR by LIERRRGEN 1Y 0
andigRiion senipedéype niitbe txtyactdd g@lwith caibyned erith @Hpxygen-CRARBIng
|sC— Y 1S or ..CH2: IS, . NH2, )
debiscp e oy e e Ot s by bl St in e
Rirthay byidatiNnidedeyd 1 9tant az@lbe a tadipebdrhrdiohytdéael T00e@ 3 adferably at least
wherei n each R6 and R7 is | ndependently Hor Cl- C4
HO0RGp|and dya trypgraturg of desgthac0QCi gl may by & Mosteiddiofatinost

Atd@eC Ca‘ﬂm 'Bg a 'te%ﬁra%ﬁggpﬂ 2@6 Cth W lth@n %000@ o‘?ﬁ temperature of

phar’ rmceu i cal acceptabl e salt, ester, pf

fikem RH@ECi ty 850°0e viefpdm 20m€rte I40()°CL In sn @hb(ﬁ«ﬂmait ktyd: extl@dte@gas may
al kox =0) - (Cr )- | k - C4 hal oal k hydr ox

9 g lo acqf%magratur%qu%l 60 ey g (el om0 < Bl or
M 2@@6@%@@6@&%}%& &ﬂleﬁml'fﬁ e leﬁatﬁuln%?&quﬂ 430 fdMnE(!ﬂb){

Arl is phenyl or pyrid
qatailvtlcsmphbwdiatlon!\pf téle@;gra@tdahkenyl X is a bond; R2 is

H o 47 (Al Vb RGN T3 Br i thHBRR RS

am hleaR6thsnger$d g ;he adented gatnayhe 1€4ted Iirkg/ﬁrsolneaafl;chmgerﬂmaﬁn a

ft\ﬁ eéghaéger ahfl ? sec&p&e@} N&E%ﬁeiﬁgeeg)t&ﬁ%rﬁ% fed to the catalytic
PG Qlﬂltﬁn-r@ctbr aB kprieJerabiNbHekit Hiyehr the mtamj I&l,rtlaﬂ) pxidation of the
exﬁacgﬁrggﬁ%r o sné/ go'ﬂrea{tﬁecexttaﬁtegl A e ?‘anF\sBe P;gdaHOB Ipr@]ucté&s from
b katdlytid part@in oxigadvadidrent 3 tHrbl%hGl@d’ﬂﬁl@Lﬁbdt dx8hah@tradt & optionally
t¥1rro(1)1g1]1 El Igeecor(r:c? hea‘? ejxrelg;nglernl 7T1 ali Iseecond he-gta ebxlcl?anger 117_i¥ Lgiliz_e . to heat the
extracted gas prior to catalytically partially oxidizing the extracted gas. The catalytic
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
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

13
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sul fonam de I n one enbodi nent, the conpound is
sel ected fromthe conpounds in Table 2. Table

wWQ@20024488)7 I n one enbodi nent, the conpound is BEI/E81002043682
fromthe conmpounds in Table 3. Table
3.-2-(S)--2-(S)--yl] -2-(S)- 1-yl]- In one enbodi nent,
the conpound is selected fromthe conpounds in Table
4. Table 4.1- ester 1-yl)- 1-yl)- 1-yl)-

rillaﬁvﬂa)ne@ athr $letted fevell 'Oﬂtlbnaﬁtylalw 1¢ss Brefdradty the dxidibtbd gas may be
)-2- 1- 1-yl)-2- 1-1- X )-2- 1-yl)-2- 1- 1-yl)-2-

}gpa%}fi ju the first &e%‘t/ Fycl Qngelllk, pyd thlomalw iy agccond heat exchanger 17 by

pa){fllﬂ s%ea;n Mlk‘ El@ The]f‘ er Qnd O%flyrlaily gec%nd’ |h)3at chchattod¥ thhéat the

- I n one enbodi nent,
QWﬁFt ﬁﬁound is selected fron1the conpounds in Table

AT R o it g 0

tb G5(R&l, at #6in APEAC tod0D0WNia a Thétdheappdhaagdr il bprefb@ablydy exchanging

1%»}1;‘81%}'3}1 %1%511? gizll g%los)%aglrogélro%lgg%gg fraﬁ ]lg:elr{:%fa&/tﬁg)ﬁgﬁ oxidation reactor
13N RbRALAKISitYr diRE®Y £0E Bedtilg tHeSx@Middr &t Ih thEFigt Bea®éxchanger
the I nvention The present invention is directed to a

Her B8 qus10r POEGHEIERGE Brofe oichl thyLstracsitt Ry be beajidta 2
t@ﬁlﬁé}aﬂuﬁe\/& |f1%n9150€@%p to but not including 600°C, or from 300°C to 550°C in a

second heat exchanger 17, preferably by exchanging heat with a portion of the oxidation
product gas from the catalytic partial oxidation reactor 13.

As noted above, the one or more steps expanding, desulfurizing, and heating the
extracted gas may be coordinated to provide optimal conditioning of the extracted gas for
catalytic partial oxidation. In a preferred embodiment, as shown in Fig. 1, the extracted
gas may be initially expanded in expander 6 to a selected pressure, if expansion is
necessary to reduce the pressure of the extracted gas to within a selected range. The
extracted gas may then be scrubbed in scrubber 9 to remove a significant portion of sulfur
containing compounds in the extracted gas if the extracted gas contains greater than 1
vol.% of such sulfur containing compounds. The extracted gas may then be heated in a
first heat exchanger 11 to a temperature effective 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
a second heat exchanger 17 to a temperature 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
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 second heat

exchangers 11 and 17.

14
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Background of the Invention Natural gas is a fuel gas
used extensively in the petrochem cal and ot her

W@ b@aii¢sls busi nesses. Natural gas is conpri seRCD1S2009/043682

i ght hydrocarbons -primarily nethane, with smaller
amounts of other heavier hydrocarbon gases such as
et hane, propane, and butane. Natural gas may al so
contain some quantities of non-hydrocarbon

c ONtTREWRANE cxpaITP 61 PieSens UEHILIRS 9 C@ plont, dir@hbAH @xéflger 11,
ydr ogen sul fi de. Natural gas is often extracted from

4?5\1 EPr“éFr 1§agndseeand dicsticaghang<s 17 gy be opgrativslyaoapectselfin gascous

c%ﬁﬁﬁlﬁncag@rnly}%lﬁés% 1iRs QR xBhctSBSas tn%y%agjss'&f%egn the elements used
hydrocarbon is often required to produce an

te eHpd Mhesidrs 9f thp atscess prioida cetalifie partit @xislation of thopxgragtpdgay.

HEMAEL SR SRRk ek Bl ReER n%%e%ﬁgéla@ﬁlgﬁm o

thownihA by ling 8dhe @ndf@m/%mtay baeneraively agnrcoted inl gagesiuel

J&éﬁﬁlﬂl 18’19%11 %@glﬁé(r 139! Y GRPheat Q;?chg\?g%f"f Plln

to con ense roca ons into a ri

apetahivdy tbmltectﬁhyl dagousamnrhgicoiny gith thﬂ:&tluubbdr 9g7cysllnb 61 ,athe

AGISlﬂFUIﬁigZ%I‘i ma Cba Lo@grag\rfeﬁy éﬁ%ng dl: l%tasetﬂusecorgnatul'}ﬁc%luor(r:’\yls‘fh %he fa st heat

syn S of steamreformn
c&nbhnguﬁgreqm 881 thy secomiient emlyantgha Tayayt feepeatighs cdmeded i 1n

b i Formaeih SR s BRnEGt et B dSug s Bicrpin
dadatibateagas] Imyy B sRrafecl¢ ommeEtb®h dateods dneithication with the

hydr carbon ox nate_such as net hanol .
ﬁ&?ﬁﬁé@gfl%%ﬁgg%ﬂ‘ﬁ%ﬁ%nts of natural gas are

generg dxy o&ibhiatelLehs GOMoATHNAU S a\fé‘e%ffoﬁtﬁ@yl%léésh RE cbi@rting
natural gas to a |l1quid hydrocarbon or a liq

dencadarvs Hlecﬁ%%“é‘?fla&aé fo @ugrap Sreraliahd I@@rchrb@%ané@é Rne or more
IR IRME2%8H Q%eﬁeﬁ&t @Hér@ MtoxyRArbhiaitRrdaY isWER th! &SRl
in the natural ?as In large quantities. In a cryogenic
I@@t@.ﬂl pridatpmaenstys 13 & Lbamfdalerfogildwdhww%gas uporcangctivigh the
10% ﬁ&léi’aln% LRy TRYa Fe E&é dthSe }M@%ﬂte‘i%ﬁ géljatlu)’e of
coo e natura gas i ng val ves and pi pe
the wturn Of the extoadrags mddh@@s'geﬂnman@ng goarBomxggaciodeining
e [ I o]

%ats (kiA gég? réag g?IB%I‘%l (‘5 %e?t%?@ r}ff}%%&&g&g &resqb te{nlqigfl);jpure oxygen
qmmphemgbi Igasb®9 wdli% DK}@dn onI y by the |i qU| d hydrocarbon,
??;tnls gg:p{aerfeg}/e]dr o%lmre XY%@&I g? :j%lﬁln%régso%omlrprlées at fc ast 90 vol.%
@lysen tmayoui mmmdingcsobsmitlsi anouafs off aittmgeai in gl&q)rbceswjgt el iwere
lﬁa% sg hat a Ig dr ocar bon or 31?)

§UP e BER" 8%1% H%ugaé éﬁ‘ﬁﬁ Brop ‘B?%‘ﬁé?‘%l {FAgBALRS: AR
thieprod@icd ufdlesB@se NO, Sofydthiieia tife @astid partiaLbS@HUR Bf thy extracted
converting the sy ntheS|s gas to a liquid hydro%arbon

R éfiﬁY%an ﬁ%??la’é‘g rgbscﬁ?ﬂa&%g Ablewst 9%V?}rﬁ> P¥¥E§ may be provided by
s@HﬁQﬁﬂgtdxﬁéeanonQ & BoNuh f@%gegﬁaﬁa%oxlygaa@rdm 68V ensSiang fhy be a

a natura as to synthesis gas by either partial

ERY QEEND AIr é‘?PaE%T/lO% PR 9F 7 é‘l’fb(ﬁli&ﬁ%lgl VAP PISFSUEREWERE 3DsprpB¢n unit,
$rhqmRat Whizh o@fen hidy BE QA& IRt BRESY Rie@BRinsS P‘l‘e?fé@ﬂ)ll_y}’he oxygen
effected by conb US%/I on of the natural gas wt

Ripgere 286 RToxideH Yy ugak the cardlyjis nedrperidation e§the @ytpﬂcwélglay
BimpRAS 14100 oSSR b e ik g o eirin

ardntiahal etisetatrdtiomunis ef fected with no catalyst. If a
significant anount of carbon dioxide is present in the
natural gas, the carbon dioxide tends to quench the
conmbustion, limting the effectiveness of the partia
oxi dation reaction to produce synthesis gas fromthe
natural gas. Additionally, flrther processing a hot
synt hesi s gas product produced by partial oxidation

i nvol ves significant heat transfer and | oss of thernal
energy since the synthesis gas produced by partia
OX|dat|on nmust be cool ed by at Ieast 4000C, typlcally

P . T - N PN PN o -, L L
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oxi dation as well as the synthesis gas product. Highly
active partial oxidation catalysts, e.g. those

waele@eh¢sed in Applied Catalysis A General, VoPCHESDON)43682

18 Sept enber 2005, pp. 177-188 consisting of rhodium
or rutheniumon a carrier, may be used to effect a
catal ytic partial oxidation of nethane or natural gas
at | ower tenperatures, for exanple, from 3500C to

7000@ncfoal @) tldrige PRNbit 8lfora%pAatic@Ry@dn fIMESLmbPBEProvided by
tenperatures with these catalysts Is disclosed to

JemstoRtod 2 B3I BeRb i R5RGUGE2A 8T & ww@p OXYgFPatR Praguct gas stream
tﬁfa)qge b BPhRIMAE Best RBdSh AldhbP@ iR Wik 85 b:glnde? 6 & f8@EAY
|y contam nated wi th carbon di oxide. Further,
raditce thegriesspre af B cutrasied cat srtianed pEodugrdchyzarpansion o% (g extracted
| I ched by
FRERI ROy BP L8800 YA e B SEREERA oL e R
t enpéYitiogeneepasttakitom dfeainin Hy aratraraiongal 8 mayhe soeledand
i
c%}’l&%té‘aefs 1@%313{6%% %H‘th@ gﬁ’ ?%Q%Fl?ﬁe gmf% oﬁkfesllgt?l aﬂ‘g a{)é%ﬁ may be used to
ctohlevareax:gas otmeanisfin dles)lr@mtf})rqcaﬂtbyana;iungln@ﬁea@ anthdre gas stream to
ox e n th nat ur al gas, the heat duty
fe? e df’sggé dslau%rthef ﬁeealsy nthesis gas is |arge since
heat T 9k ydee-csntpiplngeds oy beatmpréyecdcakponsde axthide rasge from 1

WB5 b Py BEmanEe RO 0bE Rk PP Ealiin sl o mEhe s Sy

doneisi ey @hprdttdddo b eREdurOWitkIY 1 MeRHIStIRGpréRere of the extracted
i ntgr action of t%e met hane and vvater nmol &éul es. Ste
FESFIRGPANTREOTAT PITEF ORI dRETGIRY PRSY (fldo compress t 4

&dygé’ﬂ édn@a@rﬁﬁ%@@ ahaylbe PRSARH b RLaInASS o0 hyldRREMBA pl%ﬂﬁcrt?(s ora
uc

to reduce the tenperature of the s nthe3|seg
hydrasprbpgoxyggnaig profluch gasdhrongh Preraendsr. as gsefifed in flther detal
Yy ogak %ﬁn&é& 63s dsk @t Aaf¥ @[e%@s%@@ of @ légt%?eh%aﬁ 'éﬁer%;% e)
t he hlgg nperatures at whi ch steam reform ng
pdused vithe ymaeapm of the e¥iarEdeT My AdPiBosed momplreessthqs pxygen-
&Etaﬁ‘% fficultly of processing natural gas
cont ated with carbon di oxi de, carbon dioxi de
pr esdilit okygea cospibng gel ioktaddal toeri¢raprratat edomlbbmtw ayjersgnition
r al r
ol RIRT T e RORRL BB e RO RGN, SRPARAIS
paotladi oklldmsundeac@e pairaﬂhé presdnec bife mamteé omduiian@etagfstrwblm axgracted
%ag mag%g I%a gg 1dlzeélI i )t(hle d:g%a%g ggl%lra]lg cﬁ%m}] %eflct? *3a As notela above
\tviﬂf QS@ht mlheesxtrhcadsd S etheSutsegnewnl totBpdraus P &feakeaowlrgaQWhen
ﬂ {l}romthe nat ur al ? 1and ass %gt he tura ¢
“te POtgR Y SrarsP AR eRer Bttt p a‘%éj]ﬁ% £ og eb*‘c‘iHV“Y ©
tﬁb pactislexfda0en dabdysoitthk @drtif @sidatidhas raB hadsnafbe a temperature
separ at i n%F carbon dioxide froma natural %as are

et et 20@ T picterblatdsasi308els 206 itadPmpsigtuso st thag 6p0°C, or

I 0
PEER AL o b A PPAR et forbr o R0C o s
tharodiﬂOb@tdmeempEraeme f $omASOL tod 58¥par fd@ zﬁammomcz)xi de
froanaturaI gas when theb turalﬂlige i ontarri nan](ﬁj |
wi t h &F OFERAEORGIN{g sasngY behgrrgAn o%“lfée eﬁ?%ﬁ&?@ts e
teimpétatuttlbr gase fhe @itonglitisrokemgastufd @ltkiscoaditedickirddg:d gas and
nat ural gas cont am nat ed th at |lea O vol . % car bon
DY BRI NG @A & L IPYPSTSE Oﬁ%%ﬁf:&w&ﬁlaﬁ% {ign £4alyst. The one or

bk fbsists tnay OF cOfvestimbiN@atels Gt i tiyd Q8 AhOOME: MecthiédUbdikers and
hydr ocar bon oxygenates from natural gas contam nat ed

lwat Frckaneers| By gacigusthemneqdimensfthehaassnionheingde axeen Rentaining
difficultly of renoving carbon dioxide fromthe

nat ural gas when present in such a |arge quantity.
However, sone of the |argestltatural gas fields
discovered to date are contam nated with high I evels

of carbon dioxide. Therefore, there is a need for an
energy efficient, effective nmethod to produce liquid
hydrocarbons or Iqu|d hydrocarbon oxygenates froma

T L T Y 1
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oxidation is effected at a tenperature of from 7500C

to 14000C, which, as described above, is inefficient
wepwogesital |y due to | oss of thermal energy iPCHESL009/043682

transfers, requires |arge heat exchangers fornmed of

materials specifically constructed to withstand very

hi gh tenperatures, and is subject to inefficient

operation due to high I evels of carbon dioxide

€ 8RARA NG cHal Ser€ OMAH SbOMmcht e @yﬁ%@nﬁbﬂaﬁﬁ@e@s MbEbe heated to a
desirabl e for(ﬁroce33|ng a natur as cont am nat ed

iamperaigreciom HRER e Vol orfipgak Hon ereafll@t kaabgxchanger 11,
r

AR AR b s L RULRGAT AR Pk A s o

aittigipaitiabosidagion keagtet 3. o?fubmutmky e omgﬁ&commmng gas may be

tlcu ne f| i.e
&?% aenmlgrr%ﬁﬁsg? to t gas con?aﬁiﬁh §g§Ct0

g0t ied sek@@ﬁteat@cwlger%clﬁefé%wy@begﬁag héat SWthta@&icH of the
gas and subsequently to a |IQPId ydrocar bon or a

Cr’ﬁlflft}PIaPWW SePB HesRplyER apER aﬂ*"éda%%{eﬁ%%‘l 8. sumary of

the iy %Q}geﬁféoﬂiﬁi%m%rg%ﬁ %lxémﬁnﬁlb Sftrdcfd by 18Gh @ﬁ!lotug effective

pl‘ ocess for recovering a natural gas contanmi nated with
tRipgtially bt wot &llycwdla%%e apdroearlpqnn in the extragted gad ungasathlysto

i Y

Rl ARRGRL AR BRRES Ih0 0 BARla THE fo iy mived with the

wontted gis mlgaromotmt sueb that thie qnolat rétipdif oxegeh Glemothy gereat egntaining

%9 rt.g:)(!'a'r on an @1)3 hﬁd%&?l?otn's A8 e;gtﬁa‘céte(d% '16%5 ngn Sﬁer tf‘?&‘erably, the

e an ane roma reservolr contal ni

cn@zgem ajntayasg gashiemexcd avith thre ctiractedens mrmm@mtssuah tHae&s tnolar
? ?g ocxly%%lo roanét \%Io?(ﬁéen%%}ltgl%m% rga%toonc,[aéll)lon )frr? 113; rgc%{br?ns in the

epnneetahge 150@& leastad br alcagd. Sdat atdens@b, alr ytsltaasa®.6a and is at most

erat ur f less n 6000C tQ produce an oxidation

%5%3&%@0@5@9@&%3?%hgah%magﬁﬁgcarbon monoxi de, and

c ﬁr bow @b inddg. Whie Ry b Brovlled hs agﬁhpt? s@éanoehy@l@n 1ihé M The air

t he oxygen cont ai ni ng as to car rom

lﬁwed?fawg%% thiy oy e RTpIRG By g uehilige R ﬂt%éfrfﬂ%yr@ fe¢joa
Wit d ﬂoZéeﬁﬁlraﬁﬁ}fo;@rgérﬁﬂéﬂl Qn oPfR hGdhindane §:9 gt Q@GN as

drocar bon contai ni ng one or nore h%drocarbons
féﬁscrtbﬁ@ aquvau iTHe prygpbecRfabting gaeyidabtie OrYSh SNiihag2BIE or

WBL et AN bR RRR RYYOSNRL £t ﬂe@t @BhABRARN 0B fine 43N &/alve 45 may
oxi dation product gas is utilized t6 produce a Iiquid

ryirbeaenen tepgdiathe osycengpniaingeasisiiniradenddet |ﬂr¢gpr@q¢é& in
&Mc%flay'ts? PhaPEROHE tn 38S 2t c%xfge MY n\é@ﬁtﬁhl §s R dlben

catal yst at a tenperature o rom 2000C to 40 C an

fipore Sy drogdrbérsamthg citragieal gaptollss MPa ono  FrlodiAiend 49 may be used
t\gl% ((t t 8f§0W°» {)ﬂ{[ﬂé a?lgl ﬁ(tl sﬂ@a{rh P 5%%%19 ge 91%1?10 %ﬁPS QI) around the unit
con e OxXI atlon produ TS wat er-g
&hlfted OX|dat|on product gas MAth a hydrocarbon

oxygenat e s esi s cat al yst [ e of
S000aTE § BB ORERE S8BT ea®l Pt SRP LR Eusid fE0
dxohgniing e wathniels:adaiob prodact\sgefianh ehcpraatiic agiaoxidation of the
contai ni ng a hydrocarbon o at e; opt.i onal
SRR e S O SR e i st ko SRy BnBes g swend
HebOdchdhgeryydhi0GEH IDQRIF 1%y RaRdE theatig®gdethag@Softheat Withdhi€ e

a_ hydrocarbon oxygenat e- r|ched hy grocarbon oxygenat e
Broyae Proa‘é“é gasalﬁ&“%) tosré’f)%\ H5PRFTAIG G e Ry HeB CAFYBiRe gas to a
ORPARNALR of 1030 1hB BuldY SHiRGAER! Qé}aﬁi@’&‘%}%x‘? A QMG in @SS and the
or the hydrocarbon oxygenate-enriched %rocarbon
Fpgechersan Pe persece gé%se octpdpartisheradtieg ﬁ%talt’ﬁe The oxygen

hydr ocar bon oxygenate is nethanol. |In another

enbodi nent, the oxidation product gas is utilized to
produce a Iqu|d hydr ocar bonl’oy: a) optionally
contacting the oxidation product gas with steam and a
wat er-gas shift catalyst at a tenperature of from

2000C to 4000C and a pressure of from0.1 MPa to 15

MPa to produce a water-gas shifted oxidation product
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b) contacting the oxidation product gas or the

wat er-gas shifted oxidation product gas with a
WO-2®ha403TT opsch catal yst at a tenperature of fPORUSDOVA3682

to 4000C and a pressure of froml1lMPa to 5 MPa to

produce a hydrocarbon product gas; c) optionally

separating one or nore non-hydrocarbon gases fromthe

hydrocarbon product gas to produce a

dOMEEDEOL Iyemahlb@ ek bty BHeQEN B ABat PX DALY 1DRSthe &yt partial

ui d hydrocarbons fromthe hydrocarhbon

separatin
fg*aa% fea@tgfsl%ﬁor eatdvipply- selaeaddrctng vith & eniiertslons Breneh line

. 0SS bOaed RBith &fc HBEE Eiti%ie@ %asoefxuidg%ge@c\/ﬂdﬁﬁ& ckbihngdk 17
IS a schematic of a systemthat may be used t

proag fceding the npxtoisde iesrtatyHe Py dlgaitipmigadien lérfor reaction.
J.

ORLALAT B8 S R BBk DAL TR B0 ESAEE, v

Igasd prigme heatiag andnayyeeshepicd tagethon buminbe mikedpfidr igitially heating
e I

4&21?% 3 as?&é%& %%F ?‘ipsq h%? E}chﬁllgic el %B%gr}?oé E)Onﬁflg}{% h%gtmghe g 1n the
seoond Heilt@md:ldtngw&rvdrea?rtho mextoe 1saultlmqtﬂ]yd‘ed1§pdhwmiimrpartlal
SRR R BP PASP TB B IR ORER e
matue.al gas cont am nat ed Mﬁth at | east 50 vol. % CQ2 is
extr cted n1a nat ur al hgla nd is qpnverte (f£
an o ’P 8%?5“ RPN TGREDS ‘&‘F 8 CSYRENEST 8 G aS b e
sahaby tds (‘f‘)npﬁtbtolr dﬁnr@@bzﬂ)ﬁbh onhwoi}lgem totefiag aisi ang tHehetrfdt8 gas.
fromthe natural The catal ytic, partial oxidation

The stgepdppyegrgto ght étﬁ{bf‘efoam}w@ oD pAtbedPpYa b Bgeevtic partal

SKidatib® taGoP1 XAk B8 thelpamiangkidtiorecdthiyiit y sufficient to

cataléze the partial oxidation of hydraocarbons in the

apgripdigsst %t@ané Deh My thdbqewegen qiginpgepsaad tegxiggeted gas

etk td%%ﬁfﬂg pdrffalloRRla G QYRR B @ oi‘}%(eh' Eéﬁtalgﬁg gﬁ%d@ﬁétex%cted

an oxidation reaction regulator to help marntain

gae trpavethamellpfefarpmehestepnhand Roréen of |qutha@e pethe e)atacted gas

é&&rgf'ﬁ({g Lt Pfe ffcﬁl%%ﬁ adth: OQ‘CfLi g)c+ H, 69—» rsﬁs Yl MBrhen steam is

oxXI ion rodu gas, C2 and synt hesi s

agiésd for ﬁletplqm@seuqf amozl@dnal@efpnmdloc,eheastd:anqmaﬂbmdﬂw@tﬁah@mﬁmure

[

(Hrtﬁ)e e#(b %}er,‘r%a% allél ?1% g}g%ﬁ%{)lﬁl&ﬁfnggx g)%ﬁglﬁ%r%‘é tﬂ%lﬂ?e Steahpls

mesehtl indd mmtuper ncueaometdf apltﬂ ],3 witPe 0é the lnmaxt@@z V&Sh@lssmam 15 n
ation product ICI at es net

AP G b e P B B! B A FERERR e

adragad §Randhie @xygéﬁ camahnimgcga@g edsiedte)j toptdvateal molhiratio of steam to

er e the result] oxi dati on_ produ
GRS BT b s St P R CRy o BiaPDuRa ATl than
-h.sher- Tropsch synthesis reaction. The CO2 is easily
separgted fromthe |iquid hydrocarbon ﬁfoduct

r
| i quilHUtHizad- Steam s b&)‘«‘%@’i‘?%ﬁe 9% LT Y 1%%%%@?% Nbreto 15
VP8 Wr oRYHINPE &) BOPRIPEHAE MOS. il filenfboliNnOBRRER is
oxygenat e product and separating the condensate from
qomwresel te g Rtcatus Wishigd MParpfdhgprevasof g cxtigctqsaas afir any
éxBéﬁ%[btn'o@%e%&ﬁ‘%t&ﬁga@fsféffébt@@t Eil dﬁ%‘} bd QtpRdss tHeQHhA may be

hydr ocar bon products or hydr ocarbon oxygenate
e defcysexprispnvé e hvcérpcagla%l m‘(@dwtaw Akd klredatien pkyggenate product

e
e R L e
fedupgith tigsdwro ofithb extrassed gen anagy (e praimecddypheexpandia of the
S much nore

8#8&8§éS?&?agﬁbguc%ﬁgé%%@¥§qéﬁggngrocesses in that the
process of the present invention does not generate

| arge anounts of thermal energy in the production of a
synthesis gas that may be |05t in inefficient heat
exchange processes. In the process of the present

i nvention, synthesis gas is produced as part of an

oxi dation product gas froma | ow tenperature catalytic
partlal OX|dat|on reactlon conducted at | ess than

NN N PN PN T o s o P~ NN
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met hods for processing natural gas into liquid
hydr ocarbons or |iquid hydrocarbon oxygenates. The

WO 200at1403¢7 ener gy efficiency of the process of PEEUS2009/043682

present invention permts the recovery of natural gas
fromnatural gas fields contam nated wth 50 vol . % or
nore CO2. No energy is required to separate CO2 from
the natural gas prior to formng a synthesis gas from

t he naittlr @ste@i@mayddded ©0@nt bEhb® e LB LENcaBElch&BREY h & the
the process limts energy | osses suffici entlg to make

Yesipartgmpsratuer o ot bsatl A Kapedrebiy trleast HRSC, and toa

I I Lat
PR R LR B0 & o HOE B € M RO, Shrk Bl S e
rh@dﬁb\/a&tﬁ:i;ﬁpﬁﬁtufh&tflffo&i 20086 td le@rthanad007 @l or g &Sngferahre 81 from 250°C to
contam nated with at |east 50 vol.% CO2 practical from
20 equiiomei @id*Reteri al s standpoint. Reactors and

equi pRg I‘@Fefé}ﬁﬁ cRBolitdchd 48@r datanAh & ot MRANOfirsBl@nd@hshger 11
materi al's capable of w thstandi ng tenperatures of up

thpugoDOGS i¥rtend swﬁmmdqeéed wdtherprioedsp Hireugh s indetdise 156
@%1 @glp\fe%rtg hl?é of ﬁlgfﬁé’ ﬁh Yoth 291@1&@ lhéqt 'efchg et' Sﬁloptlonally
on reactions, tial oxidation react
lst‘@a)mopleth@ pxtilaipn IPECBﬂOCtI goner itsSnadriges sthfted preda@hasr@ecnbed below,
tﬁlq)ﬂh Hl?g]él \%Xh 1%' )Z? gpeeralﬁtvélg gé n%ctreg oaﬁﬂe\é% t[ﬂ? ngf%} or steam may be
exchange equi
mmd ﬁslsred;qce \hbatcd"stea*m mn’qmofﬁrsdwat amblamgd:rhd bpre@dnasge (bfsheat w1th the

P aéllorrl] pr I%!al{] R/\gdugF(Fﬁ)bt%g catclgg IT% 18 é)Xl atl ensog’ rtllleboxagen con%mlng
a0 padt tht Ie)dt&icy:d eanneethestéd aeant ﬁhﬁj&bﬁfeﬂ\ﬁ@hythe Gitiphed exchtu’rger 11 to

| ements are def| e or.indirectl
oo ot e B B BT SR g od
Patlly i@y thacgastiofartaal bkidatich, redche 18 &rimiope Rx&ﬂhltﬂeed)x)ygen
connected or operatlvelg coupl ed indicates tha
WEEIHHagR ANGNE FERCEd &P PR AGET @ Ot PR pyred it elhe or both

thOGLyeBE bdn¥aifiBe PRI or fuk WkiehcRi ggﬁﬁnd‘r It@wehﬁg weenxiuhRao the

el ements. In the context of elenents ener ati ng
@tdytisPagisheidating rarteetd fog raagtion; figthe étﬁ%ﬂl b@ptg @tthwwld heat
SERRSEI 1B G0 O tRR Tk Al VERL ¥te£i{=? Rl ed héa!?é}*i G Rh&E$n Tl @écohéﬂﬁ‘eat
desi gnated el enents are electiically connected either
efichangen by caehapgig heat ith a pagionoéthetoaidation predust gasy e resulting

[
A HPby B8 o (O SRR BB R RN R 135 oA Qcond heat
mhm@vdﬁahmugidmecﬁsmh@masn inay baidtixed wathreisher od batkitlbenyxygen

{apn%{]% %TD 1?]&(2 %d[ e e)jglagte(? % I’b m?poh e(g}%r%l\gg Sllth?I‘lé ttoe {I’}Tllg %atal%rtl? partial

dmatlpnmttbclaw@ra;aancmcess of the present |nvent| on, a

d th t t
AN B Wt T
e ans bamilxapipoo mtehdeotiod éntb she@Xfalysic patialf dxifatian radto B8, The

as reseryoir .1, where.the extracted s cont |ns at
R I A AR e R Rt R
S@BEON Rabtich tapﬁbdmhaixmaaombwcagasg@ﬁloﬁmmﬁ kIgipd@ence of steam,
met hane and car bon d|0X|de where the carbon di oxi de

in dhesafabigic pagtial exidations pragiay T, T Owétlwrw%t FACORINS §5s
e&8i8h PRIdGctd frothdTeYctioR BF &lydeRinRd diyabn GG RAIR afd NY

nmet hane and car bon di oxi de where the carbon di oxide )
lydrasribgess Partiadartyraethang. ipdhe ogragied g, Mt the earbepedioxige prassnt in
th€ %ﬁfa‘é@ﬂ (gasl—’—wpﬂéﬂ 15%555[2@1‘[151%19@&%‘[1%1& ?&zh@gthg BQH&ﬁOIHQeactlon to
reservolir 1 conprises at 7| east % car bon

di oxi de. The gas extracted fron1the natural gas
reservoir 1 may be extracted according to conventiona
nmet hods for extracting a gas froma natural gas
reservoir. In an enbodi ment,!% he gas may be extracted
fromthe natural gas reservoir 1 by drilling a natura
gas well 3 into the natural gas reservoir 1 and
extracting the gas fromthe natural gas reservoir 1
through the mell 3. Cbnventlonal nethods for aSS|st|ng

. o r o
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3 into the reservoir 1. The high pressure fluid or gas
utilized for fracturing nay be water or, in a

wee@baswed enbodi ment, carbon di oxi de, where tPET/TS200D0M3682
di oxi de is provided froma by-product stream of the
process of the present invention, as described bel ow
The gas extracted fromthe natural gas reservoir wl|
contai n nmet hane and carbon di oxi de, where the carbon
HhiRMindBe RAPBILIPES (R oli@AiSh pRUAuM Ghs BARS c8(07€. &XE bRRLREh the
gas. In an enbodi nent, the carbon di oxi de may conprise
GyL¢reeostaisE: gas Endthe sethang @ thhentragipnass reagt agfollews east
65 vol . % or at JDovol 9 at least 75 vol.
or at |east 80 volqégofpt Re g&%?acted gas. The
\ela@trer the readtigamodrmyis arigerilyormyathesiogas epmpayimohyddgen fkcarbon

R o B 0k S SRS Ao BRI OIS R B
”Eltehautatlolpprommn eas, thagtfdoeltcameins hychiogwaycadjosmcmomrtialand carbon
ous, sul.-fur cont ai

RPN T AR PL AT SOPBAGER e i A By agaed o
the mixup o te sstricd gaomdehd vygehyahtogiag bans,
parti rly.methane, in the extracted s t ne or., .
o e B AAR BRST oM B IR AergreraR sua Gy xidation
yaicogacRbing e)aRVEE partialldx@1aNHORE&ST Hal 6 kdngRFatirk 6f ISl @PS
of catalytically partially oxidizing the extracted

209°¢-oF b fampeRiuErRTitroxeg ol tcectipads wakitaiicd ehagteglwrﬁmﬁeelow
i

8 oG0P AORREUEL | DS AR AR AL

&ﬂbdmbem@wdamy@wﬂaambemthx&gbﬁameamnmafﬁydﬁm@&ﬁ@@nmeﬂ

(i’xsfge?ngcc glf nln %ag %9%” %olvp dedt t’g\frecgg d ?%gog{oa:gugeg 5/ tﬁ% g)z(alaaﬁiogrproduct

@x{and ot eplcogaslhng the eémpe@mee of anyprcasesigedity tiopaadpior nhxture to

ef fective t.o conduct the 0 s of the vent,i o

SHIEE st CoPPHE s M R el e BB go "
1e&utioh ﬁilxtﬁﬂéenafyl RWowdred dGcdxt thacdmastrgas of the wkidhonebducBgas;

[ o] the e The extracte%» gas may he conditioned
aaﬂf %Gp) t%us ﬁ]@ mokgr AT ORYSY 11 PPT%HGPWB%P’&E Fayfo cqtpgn in
14Edca®bR0n RSexBMed@s GORE the s bfeek af @b Yiygen Baidihiah gas
oxi dation by one or nore steps including

1)
g &pivas gldtyriw%reonszsl thercgtaqtedgeas HaY dovteradce é‘?ﬂiu@ea’éle tegnperature of
tﬁ@ BRI Aiof - ddukt %ag thi/top@ a%ﬂsﬁ hEFhtig 38 the 3/ AL oBthe oxygen
heating the extracted e one or nore steps nay
qoataddies gip tathe exttaéteé rge%/wecrew thesimogptrdioxyssn |Cﬁ1§alémgtgh°e
Kh{EEY LYtk ¢ d g 1l
R RS P BB R Yt Feal i R LR carbon
doxidpracatrepen preseaoo tiei mzetipo o rfuch theriemparatmerod theeaidatign
B@szmThe extracted gas will typically be at a
re %vely hi gh pressure since natural gas extracted
f r omThe lpalttiakqadidag'als ottthe h:ydr@iarbohsprgmnemahd extractedgatis afédcied by
ct ed

mlx%gr;[}?e ex%r‘i’llc'ltr (? %SS 1 the oofxyg ocﬁ;r?t%%glg 8% ag%owgal‘iy & am, and2S
m@mmm tmxutl’e ef emtabtact t@chingdasygeayohaivieg @aqowelss hhngly@éactlve

m5 MP MPa mh ch is wt .
ag‘é’&li’{‘“élaf%fﬂ%é]otl TR AT Hattuteﬁes %teeﬁgraatre phigom 200°C up
B¢ 8sSnQhdirdIoPie %%sohﬁ&? Mdve, Qh@éx@ra&@@ HGHEthe 0§9gen
that the pressure of the extracted gas néed not be
ctjatnangeghs i optianglly eteatn, mepyttigeniasd prive telkringaisd tsthgcatalytic
. a ..

BT ShaE Bl E 24 S H BB e FanULAL e L BBl containing
pressure when extracted frontthe reservoir 1, for
exanpl e, 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 nore suitable for
treatnent in the process of the invention by expandi ng
the very high pressure extracted gas to a sel ected
pressure prior to catalytically partially oxidizing
the extracted gas. In an enbodlnent an extracted gas

o I A - A A~ - a R
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hi gh pressure extracted gas through the expander 6,
and the energy may be utilized to drive a unit 8 for

waepanasihg oxygen fromair, or, alternativel yPCTEH§2008043682

captured as electricity.ln an enbodi nent, when the
extracted gas has a pressure within from1MPa to 15

MPa upon extraction fromthe reservoir 1, no expansion
of the extracted gas may be needed to reduce the

4K 58 pRorfly §tban, exXdy RGAIBM YRRl h thO@utVRGRNERI 6Xid4tla reactor
i nvention, and, therefore, the extracted gas need not
Brpostp eonfasingihasrtdybander . 1n an enbodi nent, the

expangg 'bal@lam%a{da%ﬁ bORAh) doddRroBX srestdled the &'ﬁ‘a@t@@ga%w
for practicing the process of the invention.

ondudtasiat eblechladeniessure h i ananbadimeat, derersye hfa\vleclathe mixture of
dabd | %2& and J[hﬁ o¥fchs ?r:ght%n r%% lé{l% ﬁgtmgﬁﬁstéaﬁﬁ gﬁ!’y B8 SUERd Rfay

e extracte gas y ra a very pressure,
ren@ froab &9 M ABLONPAIP, or o PddRatod S BEPaow & 10 &Ra. Aihgpressure of

0
RSSO Sadeg b ML PR Sod R sBB ST 1
@:@mmsd bn ﬂtmpaetslsqre efthe aclivediaf cammpotére gases avhiah maylbelmgttrolled as
& €. eﬁsure of the gas extracted fromthe reservoir 1

nﬁ F% §|gn|f|cantly over time as the reservoir 1

becoﬂmscdm@hmhhdﬁoﬁeﬁasﬂwknnhhmswemboﬂmaenmumkmeymocmbmm

extracted be. expanded to.a sel ect ed pressure .
PSR dud PR eg e e saofallings TRt ar puiRp g caalytc

ROty RABG& 0allla®dn (phitial st n}atedceﬁogepamamemammededheyﬁmure at

the extracted s has a pressure bel ow a very hi

piewsgatue of fipm %Osc SR rmshincluding, QUQF¢-aae esfegally gfﬁsv e

tf:ﬁ?ergtlﬂfe 9‘1'611?2“509()5 Rﬁ% %\Mﬁg}lt%g%ﬁ$ 1§/H§"e asotfse& GI h resgect to

ract gas IS very oweve extracte
thaparhad osfdummradttadlysoumdembmmenep)ﬁ fider206°Q ap E)vbntahot 1nclud1ng,

' f th t t wh th
SRR SRt e Ry SR OR et RGBT of syt
_obosk Hﬂ?ﬁf&:alﬁenstlﬂ ﬁleQ&ﬁ’é‘@&ﬁgaQEt at%'b hOlrBSpade deﬂ%ﬁ}m)ﬂ ®Mbast 20,000
u

t he extracted gas may be desulfurized to inhibit

Nhkehexprtirded nerdd tifeirfiganpes kilegiem eheatlyss PefthOPL Whgigin
I%Q%n&ﬁh@rh Yeb&is %%Eljs ﬁhde%g?@%\ta‘?ﬁh fi oL 1 %&ﬁ%ﬁﬁ&;d gas.
e esu

extracted gas may uri ze i'n one or nore
s eparlat eatglygpisilipadi in thetppoce st cl Ithet firesepran tenadn oxiffdettthalawof
the extracted g QN the.level . of sul.fur in
tem eratu{e é)&rtla?omgzﬁloh érl%acg ?,}bodfl &ﬁ] r%;tture {) téle 8)% algtaeg as aand the o ng§en

@mtmiramgtgah ICQ)hpﬂlSBS/ elesor neargcatgyt@atlegactivh artals svlebteﬂ/(fromfthe group

sul.fu ntalnln as .. conmpounds such hydr o

ST ook D HETR PR R R B PT ne thodium
adlor atkanl a@gsefeedit aiheicaglytidalh atteré@h$alObf thaitdtdlyst may be
conta ounds may be treated to reduce o

nin S CO or
latllinmeta{ g@?f@ﬁs &t Ft“?o‘ﬁ]teﬁltWP REMEGH Stsierdals pIsRYSe in the

Q¥elys8ed @eh g8t Rhy Sfect Be @at@{m/t)érfoahtnée @agttulﬁdyloy one or more
oxi di zing the extracted gas._ An ext

Wb tmgtats l?rsseat injhesgafalyt bt woed B e a%talwmtla adive gregpdsof the
GOITROMB Ui B 1yDRs dcl28RALE 8n h@nikRHUGEeR bt 1BAst BN ArGt RBED0% of
sulfur containing conpounds by scrubbing the extracted
el caplytically aqiive metad srugsentag Py PiLthe entalysh withdiey diense of 10 um,
(% \xll@mf%pdlgtgp&g)lf gﬁtﬂt of atth dhlefok" fhe %ﬁ{eppﬁélﬂ%aﬁ? Lléfitvh %ta‘lss The
an am ne t he scru I's an amne scrub .
afrittextelsctqf a@@lettca@agctmymdﬁis lpaa:sbeedl alloy ofithh nteﬁ’éS—athPT@ the presence
Jg’;?éan%etd&e RLAG! m&h+ds%b\9n FARL fi\#,%ﬁ&aﬁ?le%ﬁtﬁ In an
Ive tore uce or el mnate sultfur contai ni ng gas
emmvpunnmd shd qatafyseusest i the pedesg abthe Livauticaisitibipastaaiahdyngf rhodium
am nes effective to reduce sul fur containing gas
conmpounds fromthe extracted gas nmay be sel ected from
the group consisting of nonodthanol ami ne,
nmet hyl di et hanol am ne, di et hanol am ne, and m xtures
t hereof. Passing the extracted gas through an am ne
scrubber 9 may decrease the carbon di oxi de content of
the extracted gas to an extent homever due to the

e " ' T Y 1 s
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may be undesirable. In an enbodinent, a liquid
containing an am ne may be selected to preferentially

WO 2@aae30T el i m nate sul fur containi ng compouneiGT/U829n9/043682

the extracted gas without significantly affecting the
carbon di oxi de content of the extracted gas. For
exanpl e, nethyl di et hanol am ne may have a hi gher
affinity for sulfur containing gases in the extracted

Hasridib@ano HRKide @itbl‘g?{"c &Bnofgy B8he ¢dlalARGIREN oﬁﬂimellréu@ﬁ@n of the
t he extracted contain | ow |l evel s, e.

npixgEe obghe sTragial et g%ﬁanééhﬁ%wgﬁnrf@n@%ngc%ﬁp@wwbwhﬁwph fig Catalyst
sf@f@&wg{% partifCoxftibRfch&Hn PR MR NAth L& BASEE and the
through a scrubber 9 to reduce sul fur containing
%ﬁ@cﬁm@@mm mgy sempisisehodiun gnghiridiuay mshe fopm of wirey qraawzes
F RIiQGkaSuLY avoid extra process steps and the
ut| | zation of extra processi ng equi pnent and
t r eatlirerne o moraRatelyiiesdy rethve, magHesf thhpartd oxidetiadagést may be
S 0,
s(flgﬁ%‘%g ﬁg a%&taﬁp‘[ C;dmgelr,l ﬁ% ee}‘l'ﬁ)g oéulf?lyl cytﬁlggt%ﬁlltr%¥ @g@gil(s: Freé(él(ojwn n
the antraddhigclsyesmetats uod refractotyi orz;ldag SIICh es plog elsmlr@f titaine, zirconia,

i nventi o | not her enbodi nent

SR Biopee™  AEY 4 TR ol ing RED il ERC T TR -tvpe

1S QBN SuitaBleTEdtaAIDREL EheLatdBYt dAGidpl EB&Ma-baled REaGHS LTS,

but in th rocess theoextracted S na be shunt ed
it oo BB 06 R P G5 ety pridsmpierials for

thOVARNYdt Oftriet FRcEXitdoaRl R IIBRadiRY oRlSAnB L ARDH Y b Izae@huy
in a desul furizer 15 bgﬁcontact with a solid sulfu

sahslizet P gnaertnaq e axidespf Mo Captly Yol 396 5ed Parﬁadar@uwtablﬁ gqfrier
ﬂlﬂeltleh§arg 133 %lfAu(zirgﬁﬁa—tthheﬁlQ@alQﬁlﬁﬁ?ﬁﬁi Y- ﬁ)bgt([%*ﬁﬂl@%jéa%ﬁlzgﬁs

Is preferably desul furrzed by contact w uar d

zyfcorigy), beth carmeickillyi gvatabler Stpctwhéperamie Sémortab%\é@@zalsoneycomb-
B RS nllag"éﬁs BY %% agfthestg a&%{ a3t @i ni ng conpounds,

e.g. at nost Vo re preferably at nost 0.1
vol . Yghe ofic suhdrgcatelyneadly ra,ctng Iml\a‘}p@ﬁ}hdgamal@xalntlon catalyst may be

r h
c?eg?s(%tgh ?Eg‘l cgtgly‘(s:t%ﬁ gelr ﬁngl%g 1 br%[ %ﬂuéﬂ@%@ ol? {lllb a{t ?n one
anchokl sonamt, nﬂ@ @O rmpmtomistalmail}t dvavombtyls détha Ipﬁma] @@damom catalyst
t act of xtrac
S st B P G BhR ER R Pl bbreShorh M FR AR i oo
1hf1b@egdﬁ$dlbvftlﬂ bhez@mdkd sollitiona Bothb efic @rhed careifticallf @tive metals, then
Ie when %Fe extracted as coﬁ@alns nDr %
%Fa rdfnpseﬁ’ll"’ft QP‘ﬁ?rn‘BO aCt{‘i’?éneé i ‘F‘%%F% ied to

I8 tHrR)talet, 8t O epkidnallp Clicd e bathyﬁtha[y&Qld:@l@m%&” fflie catalyst
cont ai ni ng conp ounds. f ol | owed b

WEDEHP RIS G O{I%@taélit}%%%?aw%ﬂe ﬁélteéata@é@albyacmwsteks may be
Wnfbhhed i GHel Bupibh fo ﬁm@égﬁﬁﬁg g cHRER b, @btléﬂauyi eséJéawr n%§be
15 at sone point in rocess subsequent
igpragppEhYith epamia oligipaof gach cappbaign ﬂwmz%lmie@hse@wenﬂhlév In
ﬁ%{h%@&ﬁlﬁglrg&% tf?eyorfé%? bR ca‘t’ﬁl}tﬁalﬁ/ R0l ﬁilet%}élnfléﬂ/rbe%gﬁdgft@d SPthe
materi al may conducted w th "conventional solid
Qﬁ%ﬁﬂ¢%ﬁ@iﬁbﬂ@%ﬂwﬂﬁ@rlaIs for desul furizing gases that
are
ot ocadg Ppiel Gl RP o8 Ine FRiAk ERMyily biRe menls
ipenyerieblalainpuitvaidhidyk ehermeduanci edtalytiadctiaity © easblaths w¢aktion of
dS (i)){tltl)r% %tf th%fogiecetn c\oln altno adsS a?nrdt% X trfaut d farso
alning co tR&" € ? ReSThat er
@)@f@ athedog aSOOCs om IﬂIo&K‘AOBEC \/Mr bhnbdﬂ eomatt i alaémboﬂuﬁéht the
sulfur adsorbjng material s ve netals
! aﬂfiﬁ@nﬁ‘ﬁb m&seSé@Bb%E? %ﬁﬁ/ /%Oh RS WEo 1975
m xture of copper-zinc oxides, a n1xture of
copper - ni ckel oxides, and ma nesiun1oxide, and ni cke
oxi de and may include a sup t or binder forned of
alumna, silica, alumnasilica, titania, or other
refractory oxides. The desul furization is preferably
conducted at a tenperature at which sulfur in the
sulfur contalnlng conpounds adsorbs to the solid

o - . . T o,

zjI\)Fra{ure ?ﬁ']less than
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the extracted gas may be heated in one or nore heating
el ements prior to being fed to the catalytic parti al

wW@xiodasizoh reactor 13. More than one heati ng ePENBE1009/043682

may be used in the process of the invention to raise
the tenperature of the extracted gas to a sel ected
tenperature 1) to provide sufficient heating to raise
the tenperature of the extracted gas to the sel ected

WENPSTRE SHe@r nRdRIa@ilyt@hll RtiPEMBals. Ot HEEmISIdBRst, e Fagal
process, for exanplecatal ytic desul furization, to be

@faer edelpd comier iedigmesd indium g e31adylispn agtve my i nwhere the
B340 AGHE Q@S chbprisBerofd 0.64 wiBad 101918 STRar@ OxiSRnicBG1yst,
the extracted gas in any subsequent heating el enents.
apd éheshpdipttedridien weighhwip any be inthe expge phifrp 8. 1de 1¢or from 0.2
fhkoyedhesaybo-ignition tenperature of the extracted
gas when conbi ned with an oxygen containing gas in the
cat alTjeicetalytieally abtivexhadels piohe patidosidati@ datrlishmaypbesseoriaed

; p | . S .
it B il Blng REhE Bl SRR, PR BOubliin FEESRLEEL 1B may be
wlccdd fioorCaleact 28, 4.33, ahdd 4atithe-Pegedit Tare treltpelaathenidesofor
t he ex ted 1 C ined with an
SEFEERALERE 2 7S HESR GO VRGP, sy
inorgitie maet ¢atiohymaf bd inempalytas@kiaed idat ddarixoatveiklythé onaor more

th tial oxidation reactor. 13, and be a .
bR e LGt IRl GuGuor SraPlubiy dgaftusg puatvicatly
300D fketaBiato ndy Be InXPSE af dtfequdtio 1.858 2100 an3. 6 AAOSsurfate Htkie
be at nobst 5000C, or at nobst 4000C, and may be a
"ca&allﬁﬁér ature of from 2000C to | ess than 6000C, or a
t enp%@:p%al KlidatibP At PR QLedtiR o PRREss o thelpiBAt2RRAford Bay be in
4000C. I'n an enbodi nent, the extracted gas may be
e deratrceessiyle fahpapdyre pbthe FxtFactstheomd dhe G yREONfaHRE gas, and
&Ry sREmf OUhBAIRC e Qr ARG alRically R 2ROAS, 4 PAGREy the
by exchange of heat with the oxidation product gas
Feciiad dvy ormpkel igerganipaetel earionsx sathatiagnrtist oxipadios xeachen efdhe
r dj . . I

e by Bo B, OB R ia Ui REAGE SR B it B fom of
apreouwsnqnabthecstyetsrerragh da Hopepcenbiona foafi, p dikedhlacaltot catalyst

chanqe j .Lrst a 1qer, and a
B b o e i 20 SEENARARlncheO, B
cat alGatalwstspdifettival fooxk dathe partinleaataton dadalysPinethe pmbdsy of the
heat, fromthe catal ytic partial oxidatio f e
BEE L AL E FEhBls b FoRRl Rt nd bl HBfl ARy Gompany
fesesiNoghdhhe ekiedHbusOon, Pead aTi60gaSAf rom t he catal ytic
parti oxidation reactor .13 throu the first heat
P hatsaraaitte e GRRRURLACY REn G S mteh E i e oxyeen
e hﬂ;@@l : ds, ahd oiﬁtﬁonauys ﬁ@@ﬂdhdﬂ@@datie%pﬂ@aﬁtggas il fenhred from the
utiljzed, tq heat the extracted gas prior to
EHOEICPRTehyYRUgaFRrar 1Y %&mdﬂ%ﬁ&a fseoxuietiomirpdist glagnay have
A RBp&atRA! Wb Go, BAH fdt &lc1itied0P O Nanti GAGI i s EBNK Y&rogen, carbon
operatively connected in gaseous commnication With
mproxfder and chban dioxidheaangd eptidntlly sieamugh |1ine 19 and may be

oper at . Y ' j i
Ohe" S SRUMIGINNREL 28 1 M PASARURERITRINABhL iydthlabon
mbhdiceonediydasa®gn oRgenanpro@ict.clorrnregibodiment, thowxthtigngoduct gas

oxj datian or ct s to the first and second heat
AT IR RGHE LB ok Mkl Gl e ATEROL M5By,

aithdRennalye dxd@dadion prodddt gad ik ysedant faebitedk fona Fielgpdingsclt @action
ttenE{)erat e aeasur ma[nts made of the extracted gas
SRR PNEOR PR Profidt  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 tenperature of the extracted gas and/or the

oxi dation product gas nmay bemai ntai ned at a sel ected

| evel . Optionally, and | ess preferably, the extracted

gas may be heated in the first heat exchanger 11, and

o S g S
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second heat exchanger 17, preferably by exchangi ng
heat with a portion of the oxidation product gas from

WO b@ag#3al ytic partial oxidation reactor 13. ABCTUSEA9/043682

above, the one or nore steps expandi ng, desul furizing,
and heating the extracted gas may be coordinated to
provi de optimal conditioning of the extracted gas for
catalytic partial oxidation. In a preferred

enbodingBRidati ASrdieWEhs infhy bk dondltionk &1&%5 bést edliodss AMRYdstock
be initially expanded in expander to a sel ected

fioF predyging 2 h}ﬂr%ﬁrﬁaﬁ §¥>f£ﬁna}t%prﬁé@é §1‘s%lhsgﬂr<fcarhog dlndact; fle oxidation
REERS s be BRI Gl B¢ bRJorRste Bﬁhdﬂhlt Sipg, 1§cl§<ﬁg§ Pl B6ling the
range. Thé extracted gas may then be scrub
@¢dafiph pioduct as; prchhedfogting agyrterrgas phift wﬁmrbtwr@fthes@ilmpn

i
GERE00 EOURAUD S5 . DR EH EhE A ks
sul f Uthe oudttginmiredycegiypnhd s ooldthia oax bt Ia@neébtpg@sadmavhe

I .

t{élgﬁ‘%%tﬁaget A&’ ?Ige Zc?qpltlgn @0&1&& gas tg ?%&Itlp%%éagl{l}@ Fllg?alglcejf&r JO%V&UHg the
@@@mbﬁgmﬂmagmdnaéwmmhﬁb@wvwaamedxghstmﬁﬁwdemahwimomatand
RO SRR PR B R SATEh 88 en
prbducogas RN ® cm&t*tu@rthcad»hdahemrdduagasml afhyﬂroeﬂ’bbr&d)){ylgﬂglte

S he extr e extrac S nma
SRR B Rt RO L TG R0 rE YR I B RS p 85T of
fr@pereatupte, bt n@ ﬁno&bmge cbre, ﬁiélttypltaglﬁlv&ﬂl Al aﬁt@fﬂﬁérathw o from
of the extracted gas when mxed with an oxXy

¥ up 1. iy ngacAins CORtGarwe tnicely ﬁO@ép%iq wc)clzm aptyjingleding,
fg@o% Cf}ll t]T.fg}))e(rloge%g ?Ptge 1nv%1§{o¥ ‘ﬁe h c{rg fe% g% 1¥t of % 0x1d§t on n[g&?uct gas

racted
ngalic iaxredvadh et wdter- gmyhlﬁeeafce@h wmcmm@babﬂécmd apasetmcmd

oxi dation reactor 13 f artlal oxi dation, .
PHPGEER ABE) TBRGNH: Bl rp a8 HPR mpHE B At dgton
ROQRYEL i9ADvOL Méé@e@iC{eQIYerﬁﬁﬁe%ﬂ’etffthlr%af&ét@L% QX dcOh, @fc
the extracted gas is utilized to provide heat for heat
exdHampedygt eps Prebesepled da B sgersed tﬁmt"ﬁémﬁ Fggthegpig the process of
tﬁ@ ﬁlQ/QlQlohetﬁE oSY&NA '?)9&1‘11& g]ag‘ oﬁiﬁ%élte?r chb Eniked IBI'O&IC'[ ﬁ?fep@ﬂgleéas

i f present scrub 9, if present, first
@%@ﬁ@ﬁ@éﬁiomﬂod@égﬂa) lfn@n‘ bez@qursfd tey Hydyeqadne Diedet at a selected

t@?ﬁﬁmm ah tth1e {%yof Pr%m%@‘g@{ol B or%%ﬁo%&%)%? rgr&glgaggglléguct ata

es or lines so-t
SERytef) aesfipebatrmetne falﬁ@e &f s Pa(s CUs &(Of)OCchEIfefCE@ tif thdiexigdtops

of the process r. to cat ti arti oxi dati.on of

RRUCh % it %telgg Sl%rﬂ(a{l PRy P%a tefnﬁgr a%? S% HRgyerpsrature

@p&frﬁéﬂtlﬂgﬂﬁé 0% RIBARCH68ct Bas %@ﬁﬁ%&r%@mﬂfﬁd(‘cﬁldaﬁ& ﬁ@dﬁc"ﬂ Cas toa
3 by line 5; the scrubber 9 be operatively

lé’éfﬂ%@% EREANARRTEBHES OCHRIHAFR LR p@ﬁuw the O%IH@IO@%MHWS gr its
Wterl da0¢ @hn?tgd prof&t FiubiHe cDOBA totHC AR terdrkrdBY. Bfan embodiment of

operatively connected in gaseous conmuni cation wth
thpyprogesp.ihheidagiop prodigigasg as cithgethg exidrtiaprmiroduet gos itpraforige the

8%1%'{1?19 Pl\éﬁh GOINARY Lt?@'vaﬂef‘ g%%ﬁfh%‘ roggmgyﬂ h&g% 95‘0&&11& Bhost

at exc anger econ eat
@wahamQEmoﬁZOMﬁyomﬂnmpéﬂ@ﬂﬂpe@yocwnhEmgdwcmnhgasmomxtgmor
th th 15 d
FAETHIHERE Ploalioh Broin: o B focF Bl o eSus ilifrcfra "

lqﬂﬁmmbbwpkmuaonnected |n gaseous comuni cation with

t he secon xchan 37, An o

cont a1 APRETBASOS B So v tad et e Pataon roatge may be
RoRA®Y SxdhahgifORaEwith 1 chitcbid ?g Raisr th oken exitdigial 84k, and/or
gas to one or nore liquid hydrocarbons and/ or one or
nmore |iquid hydrocarbon oxygenates, where the oxygen
containing gas is fed to theftatal ytic partia

oxi dation reactor 13 to partially oxidize the

extracted gas upon contact with the catalytic partia

oxi dation catal yst at a tenperature above the

auto |gn|t|on tenperature of t he n1xture of the

o o o T o
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gas. An oxygen containing gas conprising at |east 90
vol . % oxygen may be provi ded by separati ng oxygen from

W@R009M140387 uni t for separating oxygen from air BCT/Uk09/043682

unit 8 may be a conventional air separation unit, or a
conventional vacuum pressure swi ng absorption unit, or
a unit in which oxygen may be separated fromair by
menbranes. Preferably the oxygen containing gas

2 @Viin ARk OcattkEhanBert N @n&/at @b Ydcbhd RAE &dcRAngexi 7d athie @sald@fﬁon
the extracted gas conprises at |east 99 vol_. % oxygen

nipdict saspra e gediobly eioaPaiG. REURICGETE-OF BRio0p G ot 8p to 150°C

i %Vﬁggﬂe%%ha‘ﬂlg& 1390 BI.atlhb Q&Oflj&llletat %&ﬁ&}%& 1(7e Tﬁ ah %ng(;dlﬁ{gnt, the

the unit or “separating oxygen from-air may

ridpiipel prddivst ceqpadisedby G caalhy@pmdromﬂntlcmr@mn ofyths moxture of
t

tgg:( g;én %8 §£§Ja%ﬁ élgs % ?g%acgﬁtaﬂ{rfglﬁ%‘g and %@ufﬁ%ﬁlﬁfaganfl I?l%?é"%?ip%ﬁture of

feomamj’e:rupao,l bt kg @igbliding; 6@1)3CZEpr1bhE> txarngs:sué@bpéxchmlng heat with

xtracted ga ner e~). produc by ex n of
B ARl S B op 10 Shsln P S S b TR B0 R
éx@haslgém%@/opw 9&Rnd h@M:@hfingeN 1, 51@(91% astﬁﬂ%ﬂ'ﬁﬁr‘é @ffraﬁar@oooc to
the air in the air sefar ation unit cool ed and

68 €. ez froth ?éé) ¢ 1at9I08C ndterboigegoled lp)h@clahqvat sxopargst i on

uni t [ y

vari glg %Sln Jrggocfn#i%g é[ﬂr% &1{1}4‘[1?)% gporglggt élgri ?r 1lfésv§a%r 5‘ggs %qgéd product may
Exobkd gy hgat behtngeivtith whe, gemsn, élqméalmqgen Erem(:tb&)dles}‘:paraﬁ;on unit

es bed in further det
B S0 S eaib O e it T hety S s S Gty e pe QPG or e
Mbdi BOEPCorr R RSt FobamMot atVRst 1 0°ED IVRRem QI dirh &R hSoxd¥iRioh Broduct
15 MPa, or to 10 MPa. In an enbodi ment, the
s pHbnEeat g Ahifled pradudt & f@b?ﬁ?ﬂ@sl%’é@atteé(?}&mﬁ? wilk the gxtracted gas,
Py M{ﬁtaﬂfmé Be, ALERScEn O ok iR R LAGLEA: P5; Rl hear

any ex ansi on the extracted gas is Ener gy

(xehdngerd ey ®9bdtbh ée%ﬂy@@ngeo@ﬂt wite, stgarg,dzqurﬂaytrmn from the

&r ﬁ%éé desh B £XPENS 0N Rfin f%eg &L "&ﬁ H%Eto %I%g&é‘@ Otore
d7ocarpon oXygenat e pro gas t e‘h

mmalbkyethp oa_slatmtmamdube@s nsmoblﬂ:dibh heat dmhange x*zxéd thvw:xttai:ted fgas

an)(iPor ﬁle OX enI c%ntlélusﬁ?n%r%ls art or wa er} am 1n ?hgsflfl%t %gaq gxcharrll%er 11 and/or

extracteéed gas Sdtided
taé sdchel leset ¢xabdnger Jamd me@iem the c@tﬂarbmdmompmﬂas gai d’r&ts

encant i, N en cqnt ai S
AR I e R TR EL A R
ﬁleﬁgm ibhiihe i@ fepaRiof GITDS, e dthexdob Ret B @hcd@s ofRdreaky@Rdat

a|n| g gas in the catalytic partial oxidation
?% g3 in the presence of a partial oxidation

cat alwsbr §QtchR@r 6hbr @6la80mBAse B0 the oRAdrtnhddé thrd heat
oxidized in the catalytic partial oxidation reactor

exghangeys 3 thaepehigdingioy Bt 3 ﬂ%‘ﬁ &g sufficier do eopl thg oridatiqgangoduct

éa@ Br RiER n%ds JhRiekd Qﬂdit%%cﬁ&ﬂﬁa?td)j sell®d @t JeREE ATRESoW rate of
when conbi ned with an oxngn cont ai ni ng gas 1Is, at

thesater prrptasar r othgeerafae et hopncrdiancae third ihgas Cyghapgges may be

c%‘ﬁ{rgl'le%ll by%?,ugt"ﬁ{r%' JH g At @)lc){eﬁ{gef &OEaﬂﬁlnfé@QJl# 0. F'aﬁj Qﬁlb&ﬁment

reactor errpera ure o east

120004 Geamp pefdescadtom aiohhgﬁlstoxfgl@@cmm@ndgas or thetvauquepathifte
Sl A Gy R TR R0 5 e o
Heasesxchdnger thiOOgCines |61 and ﬁnpeodtthﬁ' exidtioh podu@ g@0@dtto be mixed

0 0 OC to 4000C. The gxygep-.co
Ry Pl s EdR b s £ BEEPER S P el
fedotper at ure at or above the auto-ignition tenperature
of the conbi ned extracted gas and oxygen-cont ai ni ng
gas in the presence of a selected partial oxidation
catal yst. The one or nore heBters may be conventional
heaters for heating a gas, including electrica
heat ers and heat exchangers. In a preferred
enbodi nent, the heaters for heating the oxygen
contalnlnggas are heat exchangers In an enbodi nent,

e o, N
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to partially, but not fully, oxidize the hydrocarbons
in the extracted gas upon catal ysti nduced reaction of

W@ b@omast’ur e. Therefore, the oxygen-contai ni ngPQEES1089/043682

m xed with the extracted gas in an anount such that
the nolar ratio of oxygen fromthe oxygen containing
gas to carbon fromthe hydrocarbons of the extracted
gas is less than one. Preferably, the

OXY g@h ¢ OMbalimbM Gh@RRirdgen Bt oMhl RxidREonFbAREER thag dS
in an_anount such that the nolar ratio of oxy ?en from

inFrease% DY e tacng BF RN QaEOqust SarbHCeTgad iftjqafalyst, and steam at a

t@%ﬂ{r%?@r & %%ﬁl dved I&?4(%x(t} E@&&%@r—@a@%hﬂfﬁe&‘iorlﬁ av?’l‘ier@a(ﬁht%al steam

at least 0.5, or at least 0.6, or at least 0.65,

gy lxtfedrmm the WO @y-gax shift rerdist 710h98gh eanainlarbae 7. BO, eX@mple
oI ' ir d

tﬁé h{g?géengm?gnst tof@g%;z@ﬁ@%n Jgﬂtﬁic?%aes %?)eﬁcgagecg?th@ Ql\élhtgo%

modmt ghsds @decheveaxd @erhydomaiomoxygeigas eighmethgivl, Ismne cahlrersion

r ar ati.

i b b 26y v e gl BB R il ne of
c&mcentraﬁombe@@mahﬁehsab@\f ydrdgea tmyg@ﬁse@omttm dmlcha@og a®duct gas.
eith air n enriched air
oy oS (R of Bt By pater i LG R B g
tEl'nB&atﬁ% of YRVE0AS td 0 O eh 8 Qdtet SasGRIF letortNRofvRHE cdrbdt
t he oxygen containing gas is introduced into the
iperseadsend ptparp gy hideagemand qagbordliaridgian fellkesiol ar ratio of
oxygen in the oxygen coqkﬁ+pp@g;@@?+qQ carbon fromthe
hydr ocar bons in the extracted gas to less than one.

re/ths proruetivg of Dydregentecngeastically felorasloat tentperafurenin g repgs of
f?om a{r)]d;%;'{h 46(5 bec% {eqq%pergsegé(ey cg%xccegsn ag?r %tcfrllomdel'm Itﬁe 0x1(%1{10n
Ihaamegmlmhéhmmémnsémhﬂmﬂnﬁacham@emmmﬁastexcmamgiwghﬂw

t duct .h tal yti
R R R e R S ou N
@%é bekioaM@aside e droayn, sSkhRcaawantthyeriteret @@thin@hd Mkge of
second heat exchanger 17 through line 51 for further

Ot 1t Oy skt Hdngler srmvasiar Omrhort Rengidedasarbn Peddrand thus
eglﬁéhe'r rﬂlo‘Parr ‘ﬂ?&roééﬂ th @érﬁ@n ﬁlbﬁoﬁ(ﬁ% @ﬁdiﬁlgh&fterﬁﬂ%%tlﬁésyﬁ%lﬂs
containing gas to a tenperature at or above the
tamp@aﬁungmgeapﬁuitem@@@ammsm of ¢rebamayjeriide dneaahani diexidseand
tﬁ'ﬁ‘sda Itoulgr Iﬁéltd{ %ﬁl&‘ oﬂ Iﬁ&%ﬂ@g ?&%1% rt]ﬁ;a% v@afteragass‘ ﬁllﬁ ?Jagtgons run at
partial oxid cata e oxygencontal ni ng gas
Mawﬂtmaﬂmb@sﬁ@@nmh@nnmh@wga@mgdTh@atxmwnﬁang@ndm&mbmlme

| )
SARGPER R e Bl B ELERNLPRURE AR dh b epmgrippan
dal'h’oolmgjmoklxia pre§e311 inche osayatioe pmiduadaiothydtopen dvahdtelet water-gas
t d t th h
PR R e RS R 8 el S R S P et
@xi hgatocabor @agtiate ﬂr&hfce IThé @art-g@shiflep bkdaddnl producheid glay

RERATETE Ry BRTHIRNRE oot JRBa R T o may be

heat gdle A@elchedhift dtal PR Yordegtdl \%iﬁﬁhaf)ilﬁitloin iddued day to produce the
heati ng each gas separately . in the flrst heat

Walethgn gifted pifatiop ipfs)ﬂuetcga% ‘E?F‘¥ h"e? C%ﬁ?rmﬁ@y aygilghle copveiyional
$A60R NN 1aBXC AR YRTer- VR EdBysih4l W6 Bprise alélathlyf[@dl@l a¥tive
fed to the catalytic parti al OX|dat|on react or
iERitige el erraasigen mrEl oxddq gleeted Fomdhagrpyn cqr@prlsmlF@eZn Cr,
('51? GLdo @he‘ﬁfoxﬁcﬁg A XM Rs theRoAMTIRMBAAHPRRT actlvset t?a%@tlH@Mletal or
bé nixeéd with the oxygen containi ng ‘gas and
teaupitige met] grede pay lor supportsel odgn ahgmraea@maowcglﬁla,tamé/or silica
oxygen contai ning gas and the extracted gas. The steam
may serve to inhibit the formati on of carbon deposits
in the catalytic partial oxi¥ation reactor 13 and/or
on the partial oxidation catalyst. In an enbodi nent,
steam may nixed with the oxygen containing gas and the
extracted gas prior to or during partial oxidation
reactlon of t he oxygen contalnlng gas and t he

o, o o a o o . o
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extracted gas and the oxygen containing gas is
sel ected to provide a nolar ratio of steamto carbon
WO c@ailknpdr ocar bons in the extracted gas (H2O GEIZYS29D9/043682
greater than O and less than 0.4. If utilized, steam
may be conpressed to a pressure within a range from1
MPa to 15 MPa, or from5 MPa to 15 MPa, or to 10 MrPa.
In an enbodi ment, the steamis conpressed to a

fpFsE Uhan ‘élnb&hﬁeﬂtl\'ﬂﬁ@w@fer LASh I @Sk MaPbe EemBXE pragbRd
gas after any ex?ansn on of the extracted gas is

BRgstle éEPsOEn {ry-fyr hift reaetioneeffectadet empgiuayTage3S0°C to
I f 0

T e 0 L A

xXpa0ebdmL. %s)sandeﬂslmgl (Bed0 wn%d,yrattioelarlg érahilft rbmtlom effettednt

ERPRERS a8 2B oS0 N B0 e s ey ispoortcd

@faﬁxe@b&m&mmdremmy al so be used to conpress the
steam Water or steamnmay be fed to one or nore heaters

or hdAe SEEh i gedicting thf‘e&rpcetsmf the BigPANE BVeNtion M s cofigured
f cdnuftin@tnd Rasts c?&%@y d@?&fdﬁ{g%mt% &blihEaltor B0 QkhaRRd

to a tenperature | ess than 00C, or at nost 5000C,
igfuited apg e rei%@@ydr\@ﬁ@? andicpdon Bxperied W@nhﬁyheo@l@non product
%a@ P& REYLE @%dsgorcf?m %Q&lggath%tlogﬁﬁont J);g?e ?Qg) SaucQlr 22

enperature o rom2500C to 5500C m 2000C to
ydoga@bon produqhr &f aoted @bogﬁ‘db@qm@’mton pwdtl@rga@ma:sbfe&mfwaythe

r

R A i T R
dxahamiged li7rfer ledt @:p@mge witk the ermuqmd:degils tthe bxiygen &Mtaiong Myand
%p%onaﬁlg/l etaﬁln%hrougg lh{les lﬁea%fd %g’)ljc ereg azve(% é? hl%CP ?St m'flynbe usgcgyo control
thé f1bw @€l thp oeidaiidn Iﬁsdude@s ité the tkespattionfirst iil’fd()skigi'mdlhb:mexﬁﬁngers 11

P TP ARG b S Pea e ratetienauy Ba i ae

dafhl)ttfé@aftiaf @)Ilddﬁ@ﬁﬂreae%ﬁf&)aﬁkgﬁboﬂhe&%xmgﬁff@lﬁle@ﬂ‘ exbl@ﬁlge with the
Wt h %XI dati on product pﬁagduced by {3
Chedr %%S { f)aﬁgielapors%w&&ﬁﬁsoﬁn oip lyé%%‘e?fldct mtogladi ptglation

Faducesdl ckitifg @retsbmtl Beht GRhangbh Mad 8@tRdo S FRMNBAR ¥xdh@ndcl tbr
fromthe first heat exchanger 11 to the second heat

fastbergaeine by xehapging heat wifh tieexfragted gis + thepxvgeneqgning gas, and

ShbhaRatdhy, my be fed directly into the catalytic
parti al oxidation reactor 13 for mxing with the

oxy géie eoredpdatign gepdued gas ediéngdhe fintheatexghangeiili myy be fed to
thERGet OfL shPf re RN 720 BhtE e"ﬁst 5} 1%5} DEfed 8§ th@ BhdlotiSte third heat
oxygen~-cont ai ni ng gas an he extracted gas prior
xohdngerd SH throved lmes@ i % &l @nd ﬁ@ w@h@a Ipgtsing thpegobled loxidation

RO TR0 Bl S B R b PR el

ibhearmreamhmyldb'eoﬂmadwdga‘s o 4 hylrodarbonipeodsetocw a dhydreedrbon

exchanger. b exch n t ortlon 0
O(Z)X)Yig%la % oduﬁ‘yth ?n 7%91#129 833 Lﬂd{}iﬂ r\]Vgl Pt 12 rs]%lrrlﬁaile %oo?e%de d
@kidagich bmdﬁ@ gﬁd’tﬁroﬁlgﬁ thle Wtaket gisanhift &hct&)ﬂldﬁlthe&’he bemcteahlrdﬁeat

Bt S S S os R RN el B BB G5B,

@@dﬂu@n ﬁﬂoﬂ@ct gasfr@n dealrstthba cRtfah@e il eeh YasaRf-L@ shiforeactor 71, the
f eedi ng &gmxt re to the catalytic partial oxidation
QI@QEF’BF“ 5 hegt exclangerson: ortRéeHeast®d%oxygen cont ai ni ng

gas @ﬁﬂllir[}ﬁ‘tﬂé%@&l&ﬂoﬁéfa&foﬁ‘fokﬁﬁct%@§ exififg tAOtcchEENPHShdhger 17
m xed e m xed upon introduction into the

e b ¢ rq:t}/lwa&er -89S sBi 1eatera thrawh lgyes 9%, 101|'H’éiid AP UPa, be fed to
regardl ess of when mxed, is then reacted in an
exotherm c catal ytic partlal OX|dation reaction to
produce an oxidation product?/gas, optionally in the
presence of steam in the catalytic partial oxidation
reactor 13. The oxi dation product gas contains the
reaction products fromthe reaction of oxygen in the
oxygen contalnlng gas and hydrocarbons partlcularly

o o o o
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nonoxi de, where hydrogen is present in a 2 :1 nolar

ratio relative to carbon nonoxi de. The oxi dation
wee@doeBigas, therefore, contains hydrogen, caP@DOsS2009/043682

nonoxi de, and carbon dioxide as its main constituents,

and optionally contains steamif water/steam was added

to the m xture of the extracted gas and the

oxygen-cont ai ni ng gas. The oxidation reaction is

B G¥nNRelthild hoatlcRVah AP BEER1iS4O0, 101249, 8I@nd 83 without
oxi dation product gas exiting the catalytic partia

RRIRRDF ewl?de%fiaapn ara?§u0é g%thf?élgl%ﬁhﬁ PetegRabRifbireetcor. may be

&Q&dhﬁéﬁ@@zﬁ@l’ré&&%r & fol BshvOXinG aeicBBlcd %%tioﬁgbrdoﬁct gastoa
mai ntai néd at a tenperature of below 6 1)

hydracpiope pieguat Rea hediprarhan grkeecatte praducttirpugly lé@g&%\éﬂl 79, 85,
t
&'&%’7%@8&5@%@@%&&? d&%ﬂé&? lfo&&c‘# as tfProPQl tﬁke Xaf;- Céhlft cactor

reacte tenperatu es o ext cte
Yaxs thnak or mexeythiehhesd etchipngennd9g ¥svien i3 £09, 8Hieand @7 may be
ARG To Lok RS, B HE Sy i} otl PR o RRERChE oo hangor
Hdd ¢t wasertdae shift agtioo ﬁl rhexdng e moe thiedjbdad tehrigersrSi®aatto o
Lenmpehat ure, where the feed tenperature of steam added
F "We" reaction mxture may be | owered to reduce the

t enp&pibndl B, ot ldssh pre€exabiig theanxidariogiprotiucy ass; is astaboled By heat

h?stl R t he r rati o of ox en in the o %Eqp )

&f Wi éheg"éga“t Cr-Timolo) 1M OW%‘W& ?:lﬁ’rnﬁé?\% anqoptighally steam, in
tﬁ%ﬁfs&@ﬁd%@c@d&eat\bﬁﬁfaﬁgdéd’lﬂ dfrﬁtlZOtaL@ﬁs fed(;g@@ﬂy !ﬁﬁmttEecmqytmrﬁal
contalnlng 0O carpon I n rocarbons I.n thne
%%{afla%feéatoblg%wﬁﬁ |ths e @lﬁéﬁa@éu 152 hirdisp g elaneg S, or

thORasrsi ghefot SshvBiaE e toxBiaton RBEPEas4d a ﬂﬁhrs@moﬂ%xmﬁate product
ratio of the feed rate of the oxygen contaijnin

gas

righydieesrhet RgdughsThexirseipproduat g ndierfed direcgy figarthe catalytlc
&%&1 @J{lﬁétﬂﬁ r8Rfor i $kAhb Vv%tel; astsRBt @¥dtd g vafdn me@§&ﬁﬁﬁtofthe
in the reaction and thereby increase the overa
@mabompwdmt igehels HomcOAtE 4067 prdais snlesiiahlettp elcreemh¢ wilar ratio
t | Tl

ﬁgﬁr%g% tg c!h%? I’nl%ﬁr%x)% g;ﬁ'ﬁeoor)]ﬁ)c{a%lg{]ﬁro&h g%o (;[glr ko)glrc]lés)tgo rpéosdélctt gas
may behfed él)retdtlacfﬁoﬁdhg egalitic Iﬁlfrtﬁaé 031dd1dny‘eam0x i1digp thireeactor 89 when

xtr.act ed s and the ox ont.ai ni ng d . ..
BpordHiur Py erednhosaomESREE ARG DR A indhe oxidation
R¥dicaeds 8hutdRsd ﬁ)riﬂodmewﬁyur&gmoa é)?ddil@t gdasr Whdnth@oRdigidh Yroduct
reactive catalytic rtial oxidation catal yst, where

geh Basrd temperatupeeef feom 210Re FadA9F @ 2pd the psidnEaTElugheas és utiliged to
U
e bt e Al PR ANO ProabBas may be fed
@yseilotedhd third hed mychaeger b whendgerepiigghe molabeitin gf hwtiogeo to
)&Fb%n%tngjﬂ}ﬁ s%opﬁ}réﬂ d%e? ff’ﬁaa &R @JO? ct %%‘ma be cooled
ternatlve Y, e ex rac gas an e-oxygen
smffiticitinimdyg dsrd heatdxdphiadlsd hasthe amlederydatien produdt ghd has a

tgglg%gtulfenof&‘rgﬁ{ %)@Lé lﬁjyi(iog(é 8@131% I%%l)% étllo%%tglocﬁlg} gra]-% Zﬁclgthlrzecil t% produce
éﬂ%ﬁﬁ%ﬂﬁﬂpﬁhu& @s&Mﬁﬁ@ﬁﬁﬁEﬁﬂﬁe8EE&EQ@PC30B@$CQNEB%QBQQto
gas may be conducted at an el evated pressure. In an

Eadise p redrecarbmeoxpgag s pr@lugt gavhi ch t he mi xture of

ext r ag

opt | s e attel 48 n H R o 1, R oy qidaton

Aol ta Bie Mpser-gay shifi toaster Mpar the thig Waxclwngqt@;m tliwraactor 89
t

tyjaqrgegtﬁlﬁgitg% ?g\iv %If trlllg '8%d£‘9i8§1 i dp%cpéa_s g&r(]%l %1 &é’?l’?enll IVH% precluding

fiiet eff the madatiop ptdniactrgaemher ﬁrst)findtSh@nd hehtwala%erx:ﬁrqnd Aénthe

gases, which may be controlled as descri bed above. The

catalyst utilized to effect the partial oxidation of

the mxture of hydrocarbons ¥ the extracted gas and

oxygen in the oxygen containing gas nust have

sufficient catalytic activity to effect oxidation

(partial) of hydrocarbons, particularly nethane, in

the n1xture at a tenperature of fron12000C up to, but

NN N PN PN Y
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The catalyst utilized in the process of the present

invention to effect the | ow tenperature parti al
W@z200dasi3on reaction of the mxture of the extrBCI/ERGHE3682

and the oxygen contai ning gas conpri ses one or nore

catalytically active netals selected fromthe group

consisting of rhodium iridium ruthenium and

plati num Catal ysts conprising rhodi umand/or iridium

SXidutiph flogidt 86k mA IR GiRtRl YoinGRd tatal ptet Ml BBHAI0S réktok hseto the
catal yst. may be intimately associated as_an adm xtu

W@rnga@ \F/\Bftd?ac% Fhém%ﬂh linge7hid 408 vwieee yives dhend W7y conrol the

G @1} %S bxidRioR %%u&%@kroﬁqﬂe atdpktpatidBos@lidh Ydab®r 13 to the
per ornrance or stab |ty of one Or nore other metals

wtersgan shiftpeacts 7E a’{]@g qradatiomproducs gayapehaflircgtgé from the catalytic
&?t'ia"i‘ biﬁhétfo%'réa)éto?‘iﬁ koY et Rengh n‘%lg GBI %ﬂ% 7@5&1 1, and the

I nti mat el Yy aSSOCIate as an a ture” en at east
&ddgionproduct igesarsy G0%coted éatbh regetbndthicvah thy liaet 79and 85. Flow

g?llise?fliarsﬁcazld g({{c%ﬁ(gﬂéat %hﬁ%‘;\%st o H& 2’?51%2 {‘%Bécc’lhde}ﬁ' t%rtylcﬁln% Vfalves[ 23

dnda8§t one of the other catalytically active netals.

The adm xture of cata tlca ti netal s

a1 og ot PheSh b o o SRhd PR LB G 3 il
deetaidateps ofi doaditibyingrit beidstidarpevduct gas tdie: @ntertetl os a Bydaoqatten

by. XRD. I n an enbodi nent, the catal yst used in the . .
BPUEEES bF PRSP ROeH FRC at s faf Dbl o Fert 08, in certin
dnitdinienal s steintifow Bifdctin @ 1ho Yradess vathaliytch Gortred Motiyclidd

the catalytic partial oxidation reaction of the

HRNEGesPE GFMEe extracted gas and the oxygen contai ning

gas. 1h&n aab&IRed] E&ampleieheh A ydtio Prod e bacit | td’lﬂ: dsBifas a
fgartlal oxi dation reaction of the mxture of th

gtstogk fad Fgaer-Bieaschierchiy ge Al rmabiviresgn gy bﬁﬁgﬁded in the

SR HRIEAQEN Wi @B Gep bf DntBlilgnd B‘ﬁdaftf%ﬁ MRAhctWal §Fh Qfvater-
gauzes of a rhodi umindium al lloy. The one or nore

gaashiftwatalyst negd petbp gendyeted| b this emh@dlmamtt tha watskzebeshifbigactor 71
K

ST By R RBRY Pt @ B el ey, and he

desidinn produdi gasamay kenfdd frnml thaetatgicalagishord datioh ractoo Jto the first

0P oY e A B ) ) Bl @Bl 30 e By

cs:uhﬂmg%%feﬁuﬁhdr@er% orytheoxTgdtion lpeddsct@emsjubet &b Idarectly from the

crggaﬁ)?{gioﬁglﬁ{lo%ga%ag ?etactlgy T:‘:{ tiogflljrtgnrr& heat %xclrhgrg%%} 89 Potr c?oqlng t T%cooled

odidao prod@n igas, may tﬁel’pbeeﬂ‘eé td’ ﬁﬁbtdﬁ@m&@ﬁ“@ﬂgﬁoﬂ%ﬂoﬂ@omersmn into one

materinés for the catal ﬁwrlg

iU AY OB RO BIORE £ re&%‘( gey ?Fh‘ii‘yﬁ%“aéets abilized or

par t iIﬁl b ydecﬁl’ﬁbﬂtl f8Lekaliple0ii@nlic WAEa0 XhileBoadativh prodact gas
Par t i uI arly suitable cegrri er

%&tn&tﬁf‘awe %aé @ﬁt reepiRr (7| ?S&otﬁmaerﬂwgwéﬂ%a P TSR %And
t¥mperdtufeR %rtcbﬁ‘xl*elrﬁ/ngstﬁ@@htkﬂ—%@ dhifted 6Q04tRh prd¥Ethas to a hydrocarbon

commercially avail abl e ructured ceram c supports

madichef sahydEisaben AR Ryt tectordy). the step plcogbegithg gater-gas
sth'ﬁ?ed%%dﬁilc}iﬁﬂro&ﬁf Eds & oncl ¥ RORiAhe TRk Eak @S e Abil ¢

active netals of the partial oxidation catalyst may be
padessdds dieltharentipdingeat, dlhoyane op myord third hegt exychaigersyp9 may be excluded
f&f Iﬂfé' s%f@rﬁ f& 1'11%I ;bF Bllor tﬂerln\%ﬂﬁor? gpd)ﬁil% %Eﬁ'i gasI slilﬁted

one or " nore ataf ?y active nmetals o e parti al
oxdatian poduat gasah%slte i dirgsdy diopoibe weldr-gay shifercadtrdll yg the reactor
carrier material by inpregnation. The carrier may be

i npregnated with one or nore solutions of the one or

nore catalytically active netals, then the carrier

i mpregnated with the one or nore catalytically active
metals may be dried to form3%he catal yst, and then,
optionally, the dried catalyst nay be calcined. If the
catal yst conprises nore than one catalytically active
metal, the catalytically active metals may be conbi ned
|n one soI utlon for |n'pregnat|ng the carrler or,

o - .
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oxi dation catal yst conprises rhodiumand iridium as
catal ytically active netals where the rhodi um and

WO paoag3conpri se from0.02 w.%to 10 wt. % of BEEUS2009/043682

partial oxidation catalyst, and the rhodiumto-iridium

wei ght ratio may be in the range of fromO0.1 to 10, or

from0.2 to 5 or from0.5 to 2. The catalytically

active netals of the partial oxidation catalyst may be

S8 QG Bk Wk EdhvORRN Gito BRE & rh 610 hJkdBE a8 IHE bint oLl ioP Aidre

The one or nore inorganic netal cations may be

hydrasaay ox¥esraltol umms 2, 3, 4, 13, and 14 of the

Peri qg h&erﬁ&hiuﬁeﬁ% &Jaﬁlplea%aanln@%admsm h§HEE8R S belneeded in

My, Zr, Ti, La Si, Ba, where Zr is preferred

tirp exigigion (Fodyelrgas ﬂrrdothg &ei @f q@é‘taatlmgdhft prodatiopaipdiet gas with a water-

%Dgﬁlﬁ%@iﬁt Iééé&ﬁ'b@k&%uh@d aflq 3 eﬁt M‘Ati‘oﬁ daﬁft%ggeeﬂﬁng the
re catalytically active neta epa

sl dimtpedial gadagioy stactonbrethecaoted ozz(alatl@hprpdﬁcc ertitig/the sk hapt

e%%%a{n\égr lm%'ﬁg or {h@ts%;%aﬁ"ﬁ%ét ?}ﬁhér%feﬁ;c 2‘3’1 t%tq%egegurg g\?‘%} nd s%lected
rﬂm qp damhpeadturoxdod ednivening am@bcwstlonmedilct gastthe hpd'rwdm pofduct or
h edrcpcar 3 en)t@{glgrrlwtg Ir)]rtolﬂléct 11 reXctorf‘Sgd%a B 8}5 caonin %t 9 ax1ﬁat10n product

extrac
ga@mtalanvaneg ogashift andygmbetdmabd: g/orﬂtu&ahandtthb slquaodslntghbe

one .or r cat t| cal | metals
SRS A e L bf s S BRL O T b Ror AO on oy hird
16at dxoRhgers 89 héwtnobbdahtincddd. QX ﬂﬁ@émmﬂlrﬁ@@&lﬁd x@zﬁe@as ki@ reactor
m xture may be ffect ed. For exarr% t he Partl al

thanddhs s ok B et hephgrchangers Peyiosexsibfedalrp thsiygstem for

pRARIng i ro&bd Mahdihen$idh hnd shedx RIRNQYHOMIR 845 rayl1REBA difkctly
fi xed bed of catal yst partlcl es, an arrangenent

f

ﬁr@_g{l g}e cWia]rygc @@rtlgl tlolbrfeacggrnl(;l th g}el r@q&;éortSﬂ ap @fthe coo?ed oxidation
fradRt ga%tn%y%ff@&ﬁéﬁ«f ehel Rt h@ﬁ%xé}ﬁangém RAY/bA thd sl b QBhanger
catalyst in the process of the present invention are
Bldierbtodhaisaien®i al |y, for exanpl e, from CR Catal yst
Corrqumé scit&BER {ul?é:lﬂﬁcﬁﬁ b'oéﬁﬁle mi.la{ﬁlE@B coo?iﬁ@%hg $8Fon

After catalytic artla oXl 3at|on ¥ the™m xture
mﬁdqchgas ®X thGM®¢a@dsftmldahell mgﬂg)@ |asos)rcaq|3¢ﬂorfgmg abydrocarbon

e e

@3 prﬁsrabkytaédshab?dmmchtrmtlolxpltdqut Umxtpnreo due bxiget®n rpagdub@ae or

rrEas sillilt(r%g 8¥1d%t1031rp6%duﬁp ga(s:a 5)3% rea nﬁtﬁg% fge a%%%oca’rb
didygeﬂad@m(ﬁlﬁdga@ ot 4 bytbdaybos teaintt chhiy eotitadeing Hi omﬂe)t@hmqiroduct
a .feedst ock for. hy rocay hon
BubkerBe TRy St braunineSuibe s hrotednt) Hgrias!
@B@ngﬂ%ﬂ the Walt@-gaxdHaifaddi Rapb0ptdGct ms;na}&ewsmdcta@wah the
ﬁfqgg gt ock for a methanolation reaction to produce
RYPYStim2 AGPREE enbodi ment, the oxidation product

gas i omsS@tbRmt bR ploesk of ME 1rﬁfeﬁ_tioihﬁ5 ARG Roduct gas or
reaction to produce a hydrocarbon product. The

WIS PAChOBERIIOR DEpAECtRRY S Sentecsbv ith perselyshsslestedsg that a
IQ@HégrbHﬂ blyctRf A8ddt bRGRSIRGfodulEd W&%@ﬂ Bnatalyst with the
drocar bon oxygenate product or a hydrocarbon
qsqidﬁagle prodtrth qasoXivarigenshiftesiduridatiogarronusy stse Tie tiirdinodmeant, the
da(t)19§ %59063%1 u%gééghéiiéde&?d t1 I;lﬁljggl%g g% I d/ ‘tge%%hﬂaagd with the
w&ted cg@lsstspwﬂetabbféarqlassmg the dxidatioh praoiuétdas domatprgad slafted
S ncre t
?q(hdsatlg P%a]fl& %%s (EJV%% é] 0? tﬁrogéh a?t?%d:t))gc? dtk}%(‘g Ld sE[] 1%% rgarg{or %§ ata
may be cooled in one or nore steps to adjust t he
tenperature of the oxidation product gas to a
tenperature suitable for comferting the oxidation
product gas to a hydrocarbon oxygenate product or a
hydr ocar bon product, and, optionally, to a tenperature
suitable for effecting a water-gas shift reaction in
the OX|dat|on product gas prlor to convertlng t he

e
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tenperature in the range of from 2000C to 4000C, and

if the tenperature of the oxidation product gas is
wabwva4w1sel ected tenperature for effecting a REX/ER200HB43682

shift reaction, the oxidation product gas may be

cooled to the selected tenperature. Further, in the

process of the invention, the oxidation product gas or

its water-gas shifted product (the water-gas shifted

©ehp&atuteT fRRPEIICE t IRHPCNMRYe REIGAWAFIEBoh OxyRenate product gas
hydr ocar bon product at a selected tenperature in the

mapecoptrifpgdorha dodocarben GyeoEtcoas.dyfpeero ead ¢solpn dioxide, where

AR PR S SO BESCRL PSS BHE g P v

0P apancexitpizakiueict@d®9. or its water-gas shifted product
has a te ture abov sel ected tenperature for
convéwmr%e oA emyRdiEnas By WQ?&[QPGP OFEESNY POFRCCHRY Spntgraof the
Sddakib e Proaudt dad or%t@fgﬁﬁgﬁﬂtedgﬁﬁiah&l Broyed EAGAIAP selected catalyst
oxygenat e product or a hydrocarbon product, the

B ritemperaswe of Gem2P0gas 360°G s sofener Thaseselhing hyshiogsrhoauct
t

Bl Ry b SO SRRl GTRTIREH hd Yo lioriae.
Mstheinol ey be Fremok frdlaﬂhml¢ﬂtlom owlducg @es ¢rithewitengas akiftedexidation

X i.Qn. Pk . j.ts water-gas shifted
pg?%ugﬁ‘%dts%é%ogﬁlggr{éﬁﬁ%%ﬂg\g%gg%gg?d'm)st 4000C, or at nost
3000C, or at nost Z006CHyrH 6H3®H converting t he
\?Sr %ga{rli)o%ndl x1?ednlﬁlag/ l?]e%a\‘?’ol\gergrn%\é\g nané galéf 151ttfée qi glncreases the
oydlion eAd. b"lee lmgodmtlty dfeadopdiekide inetle eﬂtlmdn Iiliﬁﬂihct gas or the

0 by R PHG et TRl haiirs HEral et ta

ARE4I mhBe M&Bﬂorﬁ Qbiitadt OF Ei@al GA Svith AR xQIaGbie Rididd gdshe the
first he?t xchanger 11 and/ or the second heat

WU tedlc'?“ R PEMPH &Rt on product gas may be cool ed

by uprnt Qat§ QAQGefuDlor dHRal} An R 0Gsio®bT MP ofiBat R PRSductQas BPwater-
to 1500C.in the first heat exchanger 11 and/or the

g slfier mddation Redurigay torrethangl sy kentsboaiediinm copypational
%Mlﬁlmvgﬁm&hlﬁ?ssfop&ﬁgﬁ nbé&s&ﬁ' 6f apga{s %M&hﬁlg CO, H,, and

partial “oxidation Teaction o m xture of
@xipnalbyt(Ee. tparsetbamngl. tveh oawlgﬁﬁmebhq &rlmch@f CYBRPT, Zamland/or
s

{hin Aoty 5 FA ARSIt GREN AN uphnl! AMAERACH e from
Etochartdh Ag, Theatl W ft()rwtt% @ueaatdrfanm é@t@@swt%@/l oIrn Ctnhembodlment

n d/ ei i.r
N S e e RS e
famgedngs Qu/ZpeOantxtercof from 2000C to 5000C, or from

2500C t 0., 4000C after .hei l.ed b uch heat.
exondhtB e kg PRt ARGt o FBlienerogugeas o
\Oz[teﬂr—]gas SMI&E(EG)Emn phudbidteds Preostuadd \g’ﬁh/a a&algm @él}&xﬂedksys t]lri]ve at
change with water, st nitro romthe
B BB PO s e bero B b et TR e gl Ey o the
Hlll}VsﬂwhE&Ie oRuehangedt 53 .or Part-gisahifed akidimiprd00&s. he
at nmpst 3000C, .or at npst 2000C, or at nost 1000C. In
EpheERpas i ATCsis 1@ relirdv qligAM B3t i of GyEhon gronpyide over a
Wedr 8en&RS cﬁ@l#ttﬂ%@ pRIIGEN Gl drb& iRt oP@@ﬂo@éjfoﬁMs ﬁi@l@ﬂmg paraffins,
exchange wth the extracted gas, he oxy ?
Aefis adndiaFnagias where tmahbéqu%tb@awrhmtqq@t)ﬂ ichadip Iepgthrand/or content.
I‘ﬁ)fﬁlé" @lﬂg&ﬁméﬁlﬁ tHE oﬁ@ﬁfoﬂ%rm@ttgé@ 51‘3\929&9&% sHifted @}H&atloﬁ product gas
cool ed by heat exchange wt ter, steam liqu
mix beogaactd with thvesclabted EgprarTaensen catlyt, Isefe@bly@mewng the
coolant in the one or nore third heat exchangers 59.
More preferably, the oxidation product gas is cool ed
by heat exchange with the extlracted gas and/or the
oxygen-contai ning gas and/or water/steamin the first
heat exchanger 11 and/or the second heat exchanger 17
and subsequently the cool ed oxidation product gas or
|ts mater gas shlfted product gas |s cooled by

o o o o o 1. . . . o
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oxi dation product gas in the one or nore third heat
exchangers 59 may be fed to the first heat exchanger

wo kooags1t i nes 61 and 55 to cool the oxidati onP@F/UM009/043682
gas and to be m xed with the extracted gas and the
oxygen-containing gas in the catalytic partial
oxi dation reaction.In an enbodi nent, the hydrogen
content of the oxidation product gas may be increased

QYdaGeRnpRAkt @@s Sri@uit@eh i ft Qb xR UEH IR Bas AR ﬂﬁ:@sgh a
shift cataly and steamat a tenperature of fro

fpadded Pﬁhm%@@u ip the rogetas 89 ghasteainepurg effeonp007¢ to %We@e The

s R S b s e

dibreddy okt gcpan asodtypeally lofs attérepesatind af from mﬁ?ﬁﬁweltoomspmylting

tge 'n[ reased if the oxidation product gas is to be
BVEPTIEd to a hydr ocar bon oxygenate, e.g. nethanol,

Si nce\ prefevied &ydogenfto tdrBoroxohatde@mvlfraitulot cfg@eing Me Aisher-

car bon gxygenat uire a higher . .
J@%ﬂ%‘ ATFA 1§ A ?f%ﬁa’f@?tme Pbordélg%ﬁif EOHE}FQ H&E? U gLl fegotor
tPpi€SBHas b fold @tf@)@f@l@drbgmh tPEQBsIChodRSde cEabduact, mérefda@ the
oxi dat i on product a water-gas shift cat aI and
Qidesiig Boduet 8%%1%’8?%1? pesd gpt tfersawcg%fbf@@ W%erzﬁ@@é@ft ?PVFﬁé)n to

MAERE hJ@Scdtohfent AL Ridafide HOMKE gatsﬁmgafotb@ﬂta&ﬁ@% @i@datlon

and steam to hydrogen and carbon di oxi de as fol

reosiuet g @ith tigogatalystpn g epetor %nﬁrFéS@%Tﬁoﬁﬁh&PeW@l‘f%@@hto

ﬁr§du@@ﬁ{e g,gllog@r[,&yprg@l}é@%gd at tenperatures in the range
from 2000C to 4000C despite the presence of excess

c ar b dihe gitatyitaectninfor ¢atal gk arioppbitie oxidewg profiet gas in a

STPIRALLF Syt o FASD oA RO e OBk

Fikter-Temsth tope cmalysbe Ssell extdlets hay @djpuise, as the catelyatallvectlve

B85t S B SBERE PR ARES, S I PSSR g v

dobsly Inickelnirbu, ghcerut}cenmmea“rs pamCMirl}cl&eﬁxbms mﬂgmcaldeactme

SRR st e b G R TR LA T B RE bk O o

frefpersatiocted framgae bl&ﬁblﬂetmeltaﬂs braweil o RIBY £618 ICMNEs 2CAr e or 6

noxi de. to carhon di. nd .t hu wer. nol ar
Hy yRfgienict]; GbIEQFg’BﬁCtHB @a&m@% W ?TSH“&&%%F“@%@“?EFP’F”“’
@a@ﬁm Masuh Waa@tiurh qmainmt RAMEHD, 6:@Em Wtdohd, AirB&nium, hafnium,
enper ature’ range. The presence of carbagn di oxi de’ i n

tb?rél%%r%w ORNHH R FREOTY R, HE|ESINGH BF tuiRhls PFERRIET-on
goi NGk QatSIHIRAIS bR Rl nEQMERESPoRE G & p&raiRAR AT Sus

present in the oxidation product gas to hydrogen so
qaprar myapi e wrlecsqd s arshofitheitelle epamstory petedaides gadlicgigy or
&%b%'tlb%sztﬁg’e(ﬁﬁ(néwlﬁ ﬁletge Le Mr@gﬂ’é}%xﬁnlhé{sdcff gﬁ&r&%ﬁs leﬁgllé Glclude
or a hydrocarbon oxygenate product. The water-gas
slidaf aleniinaxiteraa, izoponyy, odtie galgfagnwyct@r@hﬂlaneﬂf prefanably $ilpca,
#%Ig{ngga%magﬁr bon nonoxi de, carbon di oxi de and steam
wat er-gas shift catalyst contacted with the
oxi dathe emoprtodcatlygally baivpnetil a:rethe Malmm-rggs fioti T &% to
i dati.gn duct as . e rc al v ai |
contv}Z:l { %Sﬁgtfg' fro%l gém S ti0f4t% {1 toa er /a Ogjsfﬁe
ahilfst. cat al yst may conprl se a cat aI yt| cally act [ ve

% ; 2nm :Ee%gvlggby% B%t}qtng)%ggéntﬁtlg %?%Hﬁgt al froo)&cdo%xf? in %:tgie oxidation
prb@ict gddxd dﬁﬁdro@f%n@k%ﬁdﬂﬁt@ @rddh&[ &Qhe rea'lh&ng}ngdajcyﬂbbﬁ: loklyct gas,

ctive transi n net or tr I tjon tal. oxi
%‘Engﬂms ’rngglﬁ’ %‘i‘fj%};{ﬁ“ erp@vﬁt AR, 10 iS Hi Lropseh Fagignyfto ag‘ﬁﬁl%%bon
silicasupport. In an enbodi nent, the water-gas shift
catal yst may be chrom um pronot ed magnetite (Fe O),
particularly for shift reactl?ons effected at
tenperatures from 3500C to 4000C, or in another

enbodi ment the catalyst may contain a mxture of CuO
(30-70 wt.%, ZnO (20-50m.%, and Al 2Q3 (5 -40 wt. %,
particularly for shift reactions effected at

M o Y. Y. Y. Y.V . PN PN PN N -~ 11 a1
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catalytic partial oxidation reactor 13 to the first
heat exchanger 11 and/or the second heat exchanger 17

WO 2009he8t17 exchange with the extracted gas, thePCRY§NI/043682
cont ai ni ng gas, and optionally steam through lines 19
and 21, where valves 23 and 25 may be used to contro
the flow of the oxidation product gas to the
respective first and second heat exchangers 11 and 17.

ﬂrﬂdtiéﬂ ne?pgdbﬂmga be ﬁm@d MR redc e 89¥ Lialdkn RipRALET 1 0AS line
d fromthe catalytic partial oxidation

lrléa&yewgebpr@wet eéttbﬂdh%leféfmésbeh arEeats edwd g5 Bihange
wdlédaaﬁgbe}n%nﬁa agdael lgaas%{)arﬁt@@mq}ﬂé/gﬁﬂog%ﬁ B¢ atairnd1 Qﬁcﬁpecﬁ'ﬂgl

optionally steam "and the cool e I dat'i on product ?

hegk trithghe rdgetos B brangh dag 1@ helwgrsed arghyBegeregns pepdugie It may be

%‘rtﬁc%ﬁa\;\}b%ﬁéfulﬁcd c9ng ﬁ§dr5 bhd ﬁl{%ecﬁe £9Qb4 99 ¢ ¥ OQﬁmgﬂbdhgt gas
eat racte gas, the oxygen-contalnin

igasnverertito drgﬂthamlaasl an exeesan hyfiragee Gollgatesohé chavéreian.

Fea 1actREOGE et 8 TRyl AL 36 RAARTRR ur R 5B tow

messurgys fiem f[@dlytl@citrhel oy{ygemmte pmduet gemor tjheﬂngéltocarbon product gas

SAEITRRE R e ba B0 btEhn bral e a8 ParSulhl bt o
mmmgmmgaemsﬁlFbrﬁ@mphpmeﬁwho@msqnyuQEﬁ@ﬁﬂ&ﬂdddmmEQtIy

to reactor 89 vertln he oxi dati on produ S
DSt on e RS os Pt ® Sk Ptse w B g Fra 1
MPOLEMPE hoialghe hyidRRarbéd oxykénatd Srod gastr@hedhl ddchiBoniproduct
paSS|ng t he COO|?g oxi dati on product gas through the
stafmey b epssyie of BgReY P IyMPhe one or nmore third

heat pgxedpen %ﬁﬁteﬁ%ly el ydRzePdepa@idr 1 PPha@R € B hediRYd BEck into

adjusted to control the flow of the oxidation product
igaor8Papavineed ojbespmprsated Exdbn afsgare of the exidatien pEvtledt sy
withif das KBAEH Sidalibn dedﬁct%@@b&Bre WBLE fddhth bl r@&fﬁr 89. The separated
exchangers 59, or to the reactor 89. Simlarly, the
lsderigerimex beleamiess ot oreampgessordily tq ingrepssshospresowd ohthgtseparated

T R R

lodegon mﬁpbecqmprﬁsdedwfeatpremh ahfjem$ NsRe thHrScMﬂ@h Hucrgyd e ®, drive

ti]IQ g‘odna[g %501'81117 %% gﬁghgg' Erwn GB%E?I(] (PJ%GC? ag@gﬂ)a{lder 119, as

&ﬂ@ﬂtdbd@@ or nay be passed directly to reactor 89

for onver t ed ox

O e M o
H}i’dt‘dgldg-l%lédtlneﬁleﬁlﬁran&ﬂ]lougﬁgvhlc&aa,ydﬁ)lgdl—gﬁut\/kiotomutorﬂﬂﬁlﬁﬂltm gf the

]§He %oled oxi dat i.on t gas td{ h the water- g
AR S RS A R S e S
GrRehMILserapidg alMei @‘ﬁtuﬂe@% tol49? Cgﬁch%n@d%éema@ﬁon

adjusted to control the f ow of the oxidation product
HRIBbIRRRRY ¢RENSise o FPPRIG SeateshorihhtEy [ayey of e metpboigdlow thagiss
s%ﬂ:'ctflxtel)r ﬁé‘l@lgﬂﬂe t6 %deoEé‘h G[ﬁ'l% S%pomﬁa% bUﬂ)ﬁﬂ%d Q? QEeramlc or metallic
excharigers 59, of react or . Optionally, but
hetgrial ﬁw@fseqomys {0 hndmem XI?QIQIISI statnlgss @ddlcqr PgERys alymiyetere preferred
rﬁﬁgﬂeﬁgfopyhelg }]ﬂ)t rtet?f%%%r ! IThE H?dr %%tnrs@l%tﬁlg e oiacrﬁﬂog cggted
oxygen-cont ai ni ng gas, an 1ona ste t

¢ni the supporti nee bo miledt@leftonemchmfgm the 21.‘puanchsmng biiRd Ps Nietl,
'ﬁ r\/fegt {é@ét‘gr ?n, tT-{] hEa y autérgrl_lcy %IS’CS %P t‘ullraels th%]i(elof;j a'a:/rlf(c)ﬂarliy 1nC[fle form of
atl]tbysr (ﬂa]ﬂ‘eeiatm end:[hamgefaHBQs aro prefdued rAe patiowlarBOpreferred membrane

{}‘g ]gl'g?ﬂl eageis(é a'%ta;\f%nﬁglﬁlgﬂ og S%algal’db%@ %ﬁgg %ling% surface

OX|dat|on product gas may be fed directly fromthe
catal ytic partial oxidation reactor 13 to the

wat er-gas shift reactor 71 wlen the tenperature of the
oxi dati on product gas is from 2000C to 4000C and it is
desirable to increase the nolar ratio of hydrogen to
carbon nonoxi de in the oxidation product gas. The
OX|dat|on product gas may be fed dlrectly fron1the

T 1 ey A PN L e
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sufficiently in the third heat exchanger 59 so that
t he cool ed oxidation product gas has a tenperature of

wo e@atAB00C t o 4000C when the oxidati on produckPCTHS200%5043682
utilized to produce a hydrocarbon product gas or has a
tenperature of from 2000C to 3000C when utilized to
produce a hydrocarbon oxygenate product gas. The
oxi dation product gas may be fed directly fromthe

Fod @hadild @pd?&[sts'taiﬂles@ Xﬂe@@hﬂ)ﬂﬂ Méﬁfl%?a‘ﬁés J3nik &pk B be prepared using
wat er-gas shift reactor 71, or the third heat

B BxdAdedisdged ElrU Shizat N 6tl2. 98B Tﬂwl fde OEPlptiRFM pied19ting iRy
Aoyt NE R4 lﬁ@{ éu%c@ir@ﬂxk’&dld 9IRS bd QithNE 2S@L BFdrEn&LIBERR material.
whi |l e precluding flow of the oxidation product gas to
Thedyiiioget-pamgaie bydrdeterltcchveanemyarcsmaybegp ghetfprm of a tube that
BERRLARkhoR, REOPHEL R, T2k Ao LS LR et
mﬂaﬁlenocgntsgae iviefses thesmigh the hydnoganglapdriatnekl179 and 105,

wher I

e N PO BT Bl 8 o e
Imdrodarfopm pxyrgeatd m‘pdlm gascnrttﬁedlyvl@t:ebergmsdlsin gﬁtst ande@dtydrogen

71. oxi dati on duc ted
EiraP) P aRbeRPr PUOS R bE BB SRR Dy RS
heat Téj)é ddngebont dxy gangte produetssay Or lalebc8bon arvdudt lyes, optionally

t di ted t t
8 B T e s B P tinacs b o B Fes b phF ey g
@@@nmdl haaztl 111@(12112gwgegﬁdééér%sﬁdxﬂgengaysrdaect@aﬁ@ th@li}dirdwrbon
Sin val ves n can e seen apove,
ﬁ(‘) 5%%9% %&&rwﬁ%@m@ﬁlg@wg ebvaageslé &ﬁ F%Sqrﬁ%gﬁtgﬁ%ﬂld to

g‘eﬁéﬂaf@leﬁergy EP%s e HORFxpdnABA Mebubh ehe@xpARE! 21, PhORhder 121

gas to be converted to a hydrocarbon product gas or a

Mo £ BP0y RS whese BRitree oftie hpdfgcanongyry ganalg product gas

o-l;rt‘ﬁé'lﬁfd%c%’boh Bro@@crt L&l tﬂro%glt’@l@ IBAL SencPut&RcEIR O

effecting the process of the invention need not

i ncl Ude eumgﬁe@éegaiwyedéﬂryaﬁremd@g thzhyslrocerbon @k yespate progyct gas or
ol

tgé; ﬁ%@éc@tr%ﬁﬁ E]tfegg? i ér@gfsgltghn%soa ahd aj(l)efpl%blgﬁse Qufficient

tadldiv¢ thomait 8 Iﬁ@rdﬁpﬁg@mg nmygeb éronre:ed elditilipedt ih ehecsmtdtatf@rmnactlcmg the

n [ on
58 838y LB L8R AT B D R
mmdsmsctrddl agmny 1ﬁu1$112edrt1ﬂ¢ie petet fot prectivarigethe glasessthﬁet expander
llrolrgatgl {:ore magﬁ)é ?r%tcl:vg c%%?e%%e{glgog t h‘1:3 clfc'r%éﬁl conne&g%)rﬁewnh the unit 8
fbxs;e@ahtmgb)@gﬂdﬂﬂ@h alyasd/omyitibte Eerdplfesrsom 17 fer @iﬂp@és&ﬁhg iydrogen
arti tion react és to.the first and
Rt B BleeR b ERE L. QR Ay Skl ey aitiuced by

@pbﬁiﬁfg&ﬁ@hﬂ'c&odaﬂ)oh Bﬁygehdtté grdd@c&tgaﬁc)(rﬁﬁ@m@l&fca%gn bﬁ)ﬂuct gas through
further coolin oxi dat.ion pro

duct

e ermpsEly pay g%%?‘tVFféd g PHifide %a?xsrem fop Rt ffgotﬁe process of
the bl inkehtfo, the third heat exchanger 59 for cooling.
The cool ed oxi dati on product gas may then be fed to
r eactIdF cymnged hydrasagen eplectast Predia sis<ir dis rprngeGpiresarbon
ﬂf@&f@t %%&Qﬁnﬁ%%n&hsdd% CorfiBfse 1234 ?enﬁﬁé%&@ @Jl&% to be

oxygenates. |In an enbodi nent, for exanple when the
clbeceye-tg aepastd 4 Hewd bdrerarbion ﬁxxﬁe@'«ad prodypisprefiablyrgethanel, or a

= L
R RS b Lt FOR Aol i RAR ol LAERELEL IR A Bor?
watertcgasdushga vede bxdrdmrqumrmdgﬁ@ thagyars npiocoadensable at the
r

J@%’eg{reg g%{p%%‘ugg 'Pl%]e%)ar% ﬁ% Sk -l OOFI% gg ?%tg)éyo%?a%tag olhé® Q;éf)gltlded
shi fted oxi dation product gas in one or nore thlrd
heat exchangers 59 need not be conducted. In this
enbodi ment, the one or nore ¥hird heat exchangers 59
may be excluded fromthe systemfor practicing the
process of the invention, and the water-gas shifted
oxi dation product gas may be fed directly fromthe
wat er - gas shlft reactor 71 to the reactor89 as a

I o s o a o o o I



10

15

20

25

30

a hydrocarbon oxygenate product in reactor 89, the
step of contacting the oxidation product gas with a

weeRaoen4gas shift catal yst need not be conduct eBICHOS200$1643682

step of cooling the oxidation product gas or the
wat er - gas shifted oxidation product gas in one or nore
third heat exchangers 59 need not be conducted. In

this enbodi nent, the water-gas shift reactor 71 and
Hyagcamen plodi®iss thiy bechrbaadd BXERNARES 129 froRYhO&pander via line
excl uded fromthe systemfor practicing the process of
23e invention, and the oxidation product gas nay be

fed dinkegt eYatlfrE AR didugo eatRhytal lﬁluﬁq{yhfoéﬁrb%b)g%&a@@from an
reactor 13 to the reactor 89 and/or the cool éed

erRmiad hphogsreaneayeegats Pradyctizas fhogldrhednthe ange ifiogy abegthe
SHFRARAFOI A% ot 02 SEEPRLRly SIBIARIRT M s,
hyldrwmléone ohediane ot, ifmorithednbdliqdd hj/drnrgl,rbdnfwymlatd a¢ present in the

R IS S R o LA G RO e
lgdsocapoebercaidty mirgirb apal e,xarﬁple,i iSthe egmb&ﬂbdnmxﬁf@nmwo be

rocar bo roduct gas, preferably a Fisher-Tro
RARREES PRl b fimelihise RrRbShRRaks RoieRP oz h AL Sppected
Wien VRta{ee 988w BLTPE & Btbw 810 Bn P RREGly B&S 10 Y0 B8°C.
reacted to forma hydrocarbon oxygenate product gas or
a hydilsedchta t%liiﬁ?éﬂ%f? seeteddy censtibwctliany! hyRwcokprEeGA
&E)Qﬂfé& hy&ééarwn PSS %ag ?t?ouﬁf‘de ih e &%ﬁt e &H&v@{hg G im-488

a selecte he oxidation product gas or
Itdne Oﬁmrbcm cgezsdes(hm‘"fléd) t@iwdfét: b@lhn@p@mwttheglalsudi&ylrdggrbon or, if
R e s S e S P T
gmx(wdmm iohkgdy @il GFIS@&STIOPSCWMGIQﬁSdLﬁf)J lfeﬂ(e)dth@ >bbﬂhag paint of the

BHAEAE o itk OO By enbt b PoTbR iR E s SEnRer 12
tplcotieaech IRpiCIBAtREHo®Protihe fioat tad M@tan&wmbdrb&ebmrdcaic't &R may
product gas or water-gas shifted oxidation
%leCtF%Wﬂthﬁnéh“e‘ﬁﬁ%?cﬂf ioRt 0°CGitR 80 x perhpte tsirbbY %%é@ Cg@s35&
vat erryg @énp%pdtlfrg gfjwlgl‘ﬂ ﬂil@'hhﬁ’lﬁ h?&r@gatt'ﬁc;n cﬁl% 15 }g@rocarbon
contacted with the selected cataly referab
paseiategnartie cordegeadiip hespodpne l%mabbe Wﬁuleied gt a§hplﬂ1@te dhe
v

SplafEh PO PR BRI, 8 ghalhle ot LB oS Cor
throcughl QO@@@tlagkeS 0O Ccontheser, ecsuictlangg hay githdler lipdrocarbon
%i%%%%j’i g il f%lg g {ehre] g?grogﬂ%n H%ocglgg%s agc? %e%{)% Qonkc)lense the liquid
Ididox amen ongenfRe pméudn ydnhe tquith hydrooay[gierpmaacmm teteagds a

t C ratyre of from 2000C to .
(xE Bt g e o P PR 1B e B PBARY e heving
telm’p@dﬂufe&ﬂtesthﬁnhm OFfREBdh Tkggenat e produced by
contact of the oxjdation product gas or water

shi f t1da ligyid ddoembesy & digeid hg%@cwwpw@ageepr@@f@gv methanol,
CRERIYS bptRhaldy 50%%%0%6%&&%@@6@5@#&@&% alpPo 30 Ghd ocess

met hanol . The resulting rocar bon oxygenate pro
fiveny thseopdsingar i3 thresih Hiae h%y ofhediguid hydigeas rocémblorclwutsb n
ﬁétﬁﬁﬂogﬁrodwm B Iutll%M a?@es&‘?&mm fqu’[aﬁlq)gl Qx '"[%@HCQ of the
product gas of the water-gas shi oxi dati on uct
essnbocntio ndighty efhecitowvhaaptiepst ¥¥etor anleasCtys, Ozmlzleast 90%,
[

S R RO B2 TRealtnd (R, B gos iy e
reactlon rate. The large quantity of carbon dioxide in
t he oxi dation product gas or the water-gas shifted
oxi dation product gas, therefore, is useful to
increase the rate that nethatol nmay be formed from
contact of catalyst with the oxidation product gas or
the wat er-gas shifted oxidation product gas. The
catal yst useful for catal yzing conversion of the
OX|dat|on product gas or matergas shlfted OX|dat|on

o a o o o
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t he nmet hanol catal yst may be a copper-zinc-al um num
all oy. One such alloy nmay be forned of a Cu/ZnQ Al 2qg

w@edogtign3e7 | n anot her enbodi nent of the procesBCDUS100%043682

i nvention, the oxidation product gas or water-gas
shifted oxidation product gas is contacted with a
catal yst selected so that a hydrocarbon product gas
may be produced in a Fisher-Tropsch synthesis by
1e@RVeRAtn Ob litme hsabadryshtor e IRutd S dRsh@al bBBeRit et igas
or water-gas shifted oxidation product gas. The
mefsrelymetasekh synthesis is a reductive

ol i gQBIbhAALbQM-BEh £8HRYBe FRAITR NPHE Corflenser 123 through line
het er ogeneous catal yst that produces hydrocarbons o

128¢ ﬂlbmemlmdrmem eq eashongliqrideatchi gas map beferiniscted g the reservoir 1
b G IMRES r |

AT S5 GRS URRR Gk BB SPPL

tox¢dat ihe ﬁmpura dletrcenjauseqrasangmattedgets theritthosplicrors dresilool
\ﬂc é Ilhg% yoé‘ g}tﬁaﬁ\%ﬂﬁg}%n%qa N4 S&J{)?SI tB ?Ila'?rﬁlllﬁ ?ﬁe%gservmr pressure.

Itnlae @mbdcatnlemnatmastﬁ,ﬁ(% og atsleast Ratoent lgas:s 95% |0f the darbon dioxide

por%:(se{qﬁtg tlgeg Pr'flc(%e gas iR aaf’rﬁaos\s( gSlS?%SdI'/?COOré’g‘t egﬁ % ra? n h’ Sl}eecongenser

efnﬂMeZﬁy@ﬁéﬂ inco tﬁ@&@@voﬂ'h eFimtdr,ae édfsbﬁllibdmbodal,,lﬁiiecgatsoﬁmybon

ne or .nore h car bons, hydrogen, carban
GPRE il RO DRy s TORMBEE (i P A et drta e
thé pIvwR0 Of fiethdGAfkal lg@@fﬂorﬁ Xlictredegyolirhie pareiadirdy if §2.caon dioxide
preferred hydrogen to .carbon nonoxi de nolar ratiqg faor
RIF eI RgChner ﬁ 18jpeiing “ﬂnEPp'gﬁ FESFrEAEL i Byn)egnbodiment, %ﬂ

rﬁ%bgéﬂtdbl\f@dﬂfo%ﬂ%?haﬁl@thé OkyIRAl coritaihiRg gaxatahh Yit inCth@éiE §dpallauon
reactor typical %ﬂphas a nolar ratio of hydrogen

witryasy brokedforeoldhe easbr digride-righygas camd the CO@lﬁé C%fk%%}t»f%ﬂch

BE BAYGL A5 QENEHFd hidETNRLreRE R YPRGEEEF thRcfon. In an
wat ef - gas shift conversion to increase hydrogen

eefrodapant, giic ligyid Mmﬁeﬂbpw exwmmd@agr the ligyid hbdrocarbon product
t

@%eﬁ%ﬂ%@gtg %l cg)lr?d/ | n | S é?ﬁ%rhggs %Og%géﬁﬁ%ﬁ gﬂl (ﬁﬁd
ltydrqspibdu oey gt hrge mdltrqt) may bohageddaedtangwms comhiaers doadpgple liquid

r | i.0 QX j -
tpa%géﬁlq tﬁl& an%q{le% rXé) %ﬁgﬁ%}&%& tzoc s%legtfefl Iildeggtllogl' rTng&%%%le’ liquid
Mtoeaﬂben:l prfodun‘nor:qu@hydrmaﬂjon ©®ygmate paidhgt pandacddabinga reservoir
lgca n%de R TBr% Fr)JrTc’aC hﬁtlc}{a@%c% ?ot IHu ﬁn ypon%c&&gogga{ﬁ%zéﬁihht%gyr%rﬁgorted by
06 shiproea mﬁnay Sorfrirgmer ﬁi@besl;ﬁng 8, 9, and/ or 10 of the

Periqdi ¢, Ta ere cobalt

ot har AR e ERng Pt s sl SRy ppthanot,
186 bRtk PRI & bduchBighirshetculbl apRaMhydaicalbys brodddi€either
cat al.yst my de aone or

I I
after %le?efaanrw 8?@43”0 I R ppEb 51%%@5&6@?8%@ eom

PR SheZmeBanofrecSverddras Gig@ill tdARNEGIdRET Bay B oBv@ied i high
actinides or |anthani des, where oxi des of nmgnesiu

qeang iggfel nasprediet Pithe kpawh meiharclAerarsahne Rrpgess pyhich methanol
ﬁl%nﬁerk%ﬂ%ﬂed ¢SLAsHIMe uttl'hElﬁQ b rfdrk EQRLUMuchal Qi Rid catalysts
thorium uranium vanadium chrom um and manganese
igeladigg rqodisl @ sphicepkppiaprhospiigee r@@@@lﬂayﬂeﬁwalta}ys&c tTthg diqwid apthanol
TP a7 HOSRER B PRRRAY PHEa SRICHT L, SNRTPRL R Bridaton
meducagﬁsoamyl crmta%tbd with aewligrcagilysi, @aam@nhﬂdllmnb ZBllt-3 pavdite, in a
p%{ ocng?rlsllog rresact;or E}IO sﬁfg%vn :iﬁ%rt%mg uﬁltﬁ%fﬁ%@@i@}%&@%%%d a
zZi rconl a, ceria, gallia, and m xtures thereof,
preferably silica, alumna, and titania. The anmount of
catalytically active netal i¥ the catalyst may range
from2 w.%to 75 wt.% of the catalyst, or from3 w.%
to 40 wt.% or from5 w.%to 25 wt.% of the catal yst.
The resulting hydrocarbon oxygenate product gas, from
convert| ng the OXI dat| on product gas to a hydrocar bon

. o
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particularly useful to recycle hydrogen back into the
reactor 89 if the oxidation product gas is converted

wo ooasdsanol , as an excess of hydrogen facilitBEBEES1008043682
conversion. The hydrogen separator 111 preferably is
effective at separating hydrogen as a | ow pressure gas
fromthe hydrocarbon oxygenate product gas or the
hydr ocar bon product gas while maintaining the

HYELRGAREAN . PXMYPE RNAS S1HI6 frédlicedtfs Qne lcbRaiREHRGRED @Whsoline
product gas at a hlqher pressure. For_ exanple, the
¢

RpthogeHaed famdhcesns rnﬁrssptﬁﬁen}wdeeabmﬁﬂla&% enat e

pr odyg bn @3RS e@bodikEntdy @i{e%&fe&q{f tlférlﬁ%'ﬂﬁén giauc'ld Whah@l\iﬁo&lct
pressure of fromO0.1 MPa MPa,

Hgpbeoar BisH tokghy éhﬁﬁ@nﬁﬂp@ae é‘ﬁle@j—’a‘?@d @roppmﬁeacwéme dalksom

RERLHAE {0 S186n PBYesHRY €h&; @L@ﬁl@ﬁﬁ&hgi dflgt%gygbe MPRed @ akOmperature
MPa. Hydroge separateé rogen separ at or %

Qﬂﬁmn4%P€@3ﬁﬁPeetwmhedwbééksﬂnn@SﬁéhtmumOQQxﬁhynheedmamd

ess [ xi dat |

a0 MG R o R R B e i B Pl o maguee

theblefiephaung fed to the reactor 89. The separ at ed

hydr ggen nma .conpr.essed by a.co ssor 117 .to .
e Qe B GRS T oo & SR APRTOR P aB e pprptecd n

th® plfotSé%Q bg g FISH& &61&@1& Qtpte (ﬂedaB%(d{j 1AgEe dﬁ)ﬁ@dﬁeg td @etuld Bydrocarbon
react or separat e rogen may be conpressed
aéls%P“ﬁP%‘ég‘ﬁ]P SIS A DRECS ANPAb TP iR %fﬂe@gge% Irgnspeyted or

eﬁ 'ﬂier@elF de. ¢ BSBRItochbbn ﬁﬁ)\du&@naglﬂé RbiReted foApBAL dG¥el, and

(e~) produced by the expander as described bel ow.

qthﬁrélﬁdre%m firastipns bywistiinertesglicyislaacatben Prodyct apdisisesns

Hﬁbgﬁ‘@ @@ining ?Jng@ahé & seprdl QA&BsdH thl%@irb(\/@friﬁﬁpsrs%@l?as diesel, or
rou ydr ogen-but no other conmponents of the

Whlth@) grambvcﬂwr bxdrgerene pisrad nche hewd rdroppthon daetinon
product gas-may pass, and that is effective for
operating at tenperatures up to 4000C. Such a

hydr ogen- separ ati on nenbrane nay conpri se a support
coated with a thin layer of a netal or alloy that is
sel ectively perneable to hydrogen. The support nmay be
formed of a ceramc or netallic material that is
porous to hydrogen. Porous stainless steel or porous
alumna are preferred materials for the support of the
menbrane. The hydrogen sel ective netal or alloy coated
on the support may be selected fromnetals fromthe
group consisting of Pd, Pt, N, Ag, Ta, V, Y, Nb, Ce,
In, Ho, La, Au, and Ru, and m xtures thereof,
particularly in the formof alloys. Palladi um and
plati numall oys are preferred. A particularly
preferred nmenbrane useful in the present process has a
very thin filmof a palladiumalloy having a high
surfacearea coating a porous stainless steel support.
Menbranes of this type can be prepared using the

met hods disclosed in U S. Pat. No. 6,152,987. Thin
films of platinumor platinumalloys having a high
surface area woul d al so be suitable as the hydrogen
sel ective material. The hydrogen-perneabl e,

hydr ogen- sel ecti ve nmenbrane may be in the formof a
tube that the hydrocarbon oxygenate product gas or the
hydr ocar bon product gas nmay contact as either product
gas passes through the hydrogen separator 111.
Alternatively, in an enbodi mrent of the process,
hydrogen is not separated fromthe hydrocarbon
oxygenat e product gas or the hydrocarbon product gas,
and no hydrogen separator 111 or conpressor 117 is
included in the systemfor ptlacticing the process. The
hydr ocar bon oxygenate product gas or hydrocarbon
product gas, optionally |ess the hydrogen that had
been present in these product gases, nmay be passed to
an expander 119 V|a I|ne 121 The hydrocarbon

o, o
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to drive the unit 8 for separating oxygen fromair, if
utilized in the systemfor practicing the process, and

W@ 2000#312ss t he hydrogen separated in the hydp@rEs2009/043682

separator 111 in conpressor 117, again, if utilized in

the systemfor practicing the process. The expander

119, therefore, may be operatively connected, e.g. by

el ectrical connections, with the unit 8 for separating

oxygen fromair and/or wthcitherapgpressor 117 for

conpr essi ng hydrogen separated i n the hydrogen

separator 111. Optionally, any excess energy produced

byf atwd derdecov s gt el e bemtanyehuitishigh dytle of §Qs 2wk

dRGerBY O GRALRPLas RO D ¥ighid B9Srob 36 AR aliHE: GXRARLRS hylidRarbons

may be delivered for use outside the system for

pradgriddiydtpcarhen gpvgemssascopfainingonsros gwrt liquid/lsidrqcamon Trygenates,
ﬁgggd hydr ocar bon oxygenate product gas or the

%ég%n d hydrocarbon product gas may then be condensed

i N conddrserg 428 canpsingrrgenaliexd «weé etediren alyeservoir

e L

gsaadct from carbon di oxi de and other gases in the

hydr gcar.hon nat roduct gas or, the hydrpcarbon
ot o e e TR AR B B PPl P PGB G or
aeigD exiditivhatallbieat @ XqpasRedde by dEsabar dDOPC pre@iRate oxidation
product gas, or the expandedhydrocarbon product gas nay
medyst pyicariaining hytreses RS BPROKSS. $1dgiibop diogldsamres thg melar
talif6f (;x%gen 08 HePENRbHERI 2 € ol @b oh GrofORERNE Scatbons of the
I i qui d hydrocar bon oxygenate from an expanded
wrastest gas bolessohapgsat e product gas shoul d be in the
range, ﬁﬁl%%ﬁ@ Y8R pﬁ}dl*al:t' %%?{0' ot uEQJ[h@tltiifd h%ﬁropagﬂon containing
di oxi de (-780C) to below the boiling point of the
drieu imgrenypdraseheiron tedigyahdeocabpn oxygerate eontarng @gedr more
e bon oxygenate is present in the

IQQ%EE 8%X%§%§%%arbon oxygenat e product gas, below the
boi i ng point of the azeotropic hydrocarbon oxygenate
. teunge hodFoq”r lafiy ?%{eee’in tlhf e)tith etela gsr Yy %glrdk%(e)(ﬁ] W%F ¥1%eor)]<§/l§tge% ctorcl)taining
e condensed 18 nethanof o the enmperatuare tor
@par tt prgenchef ¢c@ndenser 123 shoul d be selected within
the range of above -78C to bel ow 67C, and preferably
from 100C to 35C Likew se, the tenperature sel ected
3. T RaRERIISHE cRirh il Gu tidinhy elihereardamion lfo@ e @Bmpiea Rdesthan 60
g%g;oc rbon product gas should be in the range from

v thexUaelsd B3%ati on point of carbon di oxi de (-7800C)
to bel ow the boiling point of the Iiquid hydrocarbon,
or, if nore than one |jiquifiable hydrocarbon is ]
hrieansthadpfelim &op anad e aisd duithss Fopriisigdhe Yenshipnaaing
afhonldkRide Wnt fhe Bqhil BP&OcaFBRRE G lfq%ﬁpﬁﬁd%alﬁ&ﬂ)gﬂfg%ﬂate to

d

bel ow the boiling point of the hydrocarbon m Xture. In
repdusprisdiapisity droggrbon eapfraliing efceor e yyagearbopgorithgeliquid

L QLA pr oduct

R R S R B B e SRR e 2
selected within the range of from 00C to 500C, and

r f ! t .al. I D
Fileh b i kb ] Vil FAPREGHAL e B WPUERce
sorargted fve thaljquikhyclowddos edthe hiquildydocudemseygcha@ imayhebe
&qg&hﬂted with a coolant. The coolant nmay circul ate
t%rough t he condenser 123, for exanple through cool ant
coils or through a cool ant jacket in the condenser, to
exchange heat with the hydrocarbon oxygenate product
gas or the hydrocarbon product gas and thereby
condense the |iquid hydrocarbon oxygenate product or
the |iquid hydrocarbon produtt fromthe gas. In a
preferred enbodi nent, the coolant is water, and the
wat er nmay be chilled water having a tenperature of
| ess than 25C, or |less than 200C. The liquid
hydr ocarbon or |iquid hydrocarbon oxygenate,

Y
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preferably nethanol. A carbon dioxide-rich gas may be
separated fromthe condenser 123 through line 129. In

wWa@peooeirsat ment, the carbon di oxide-rich gas naRChES2009/043682
re-injected into the reservoir 1 through the well 3.
Re-injection of the carbon dioxide rich gas into the
reservoir 1 serves to reduce the anount of greenhouse
gases enmtted into the atnosphere as a result of

& ONHIURthdUD Flchan PP ERSST cimé N8 WS ORidaNM RbRet gas is
serves to naintain the reservoir pressure In an

wiigerhiopsrtuce ytiqyig hedrogsmn ogyeegtte prast 90% or at | east
95% qf olsttb%alr}aéo%emrg QX b BatR HRRML dgapwttﬁ StcEN bhPL el gas shift

gas, Oon a nass basis, is recovered by separation from
cardyst Srdemnerssturgred fiom 20682G 19400t @end anressueef fremd) ViPa tal 15
1@% 2y Ifoduc%% \9‘%?? egra% D& A ARRYRion | lyat%ldﬁ& Lon of carbon
I OXI e Into 1 reservolr nmay ser e to fracture the
f or méh camnactihg the@xidesar product dastoo the valtdrezag Mtqdraxdiaotm oemduct

turaI s fromthe reservoir o
St e doegin P e B AR AL et Pistubig rauggg e o
OPOEd Qpﬂci&hl%cotflftﬂﬁl JMPh Y & Mbgtd &&ﬁfch‘@'ll&dr@carﬁdﬂl dhgenate
enbodi ment, liquid nitrogen derived from separating
nrn@cbg@ﬁgewawrgtadwﬁroggb@a@yger@m air inthe air
separ,
i oxicac Rl sbudi e BPnURan 1o eRbol NI fom e
lyyslgocanygn by seentppreduss dasgp prxducen liydjasebbo axyigondthenrishek
[ c n. In an enbodi ment, the
lﬁﬂﬁm%%E%S%E%%%ﬁ@%g&%g@QQ%Qte product or the I|qU|d
hydr coia aerplamnng)hmddr hydrrmybob@xygeaats rﬁonﬂhdhm«ﬂ:/amon foxygehge

h id h b I qui
;&o I o%agrog Tlggro arﬁo:ﬂ xygé/na(geagp?ilc}ﬁcg%y@ ocqr oglr% 3lécna|%cgor|0(9uct gas.

transport containers, for exanple liquid transport

nd .t nma ran orted o a . sele d )
L e I S A R R A R e R A
AMHﬂuiﬂ;hMﬁE@mﬁﬁ@mBmamygﬁnate product pr oduced fronra
reservoir |ocated offshare nmay be | oaded into |i

t r andpBrtonglingantagtingthg ﬂrlsataﬁ@rqdﬁergaf w&héfﬁurlta%awef %?é shift

c%th'cljﬁt 1Q t@nﬁ&&hﬂaf‘o&‘ Yrofn@00f it 08 C HOLESR1RDS frbm@HI HiPa to 15
rocar bon oxygenate product that is nethanol, or

MP# repiodycerpeyHeiragb shlﬁﬁﬁowtlpm produgt gpv: ocessed t 0

pr od

61 ey CatiARE e TRUEEH AOaEL AT LU 2R AR AERRHE! fpguc

@R watraoakitinaenk syolﬂleild’l@tqtyso atQStSmpérami'w&f ifrewed0F © v, 300RE and a

EENURRE B ORI oW DbioRa 65 8B AR rBCE: by Has

empl;net hanol -t o- gasol i ne process in whi ch net hanol
may be converted to gasoline utrIrer%’ e or nore
cat ar%le@n% CHPHEILINE GT BTN 0B AP ERAPSE E5FSrE e g thanol

F#6@Ict R t@proGhdel aGRAAhIMTI-ERRAQBIARICEHOR bBGUhAS %r%ﬂtﬁ:‘t’ Bas; and
catahﬁsts The 1.i qui d et hanol ﬁ@oduct may

supe é@@@&n&h@llwean%ftow the gy ﬁé@@uejﬁs orght metharaly

&@@h&thﬁﬁbgﬁopkpggct gas, and contacted with a

zeolite catalyst, in an enbodiment a ZSM5 zeolite, in

a met hanol conversion reactor (not shown) at a

¢ efREhahI & cﬁim&r\)&q{g}eﬁﬁt{ﬁg g:telg 8¢ ogb% Qﬁﬁ@&rﬁﬁ%%ﬁec‘ Hr 1%01‘3 non-

from1.5 MPa to 2.5 MPa to

etbalol gasecloorm drermqﬂganprmd@ct gasc;aslolduque mahanpkergishet produgt gas
[ di stillation.

R AR AP TN REANER B DL2Y vt on.

i quid nethanol product nay be converted to |ight

ol efins including ethene and propene according to

known net hanol -to-ol efin processes. The |iquid

met hanol product may be heat¥d to a tenperature of

from 4500C to 5500C at a pressure of less than 1.5 MPa

and contacted with a solid acid catal yst, such as a

zeolite or a silicaal um nophosphate nol ecul ar sieve

catalyst to produce the olefrn product In another
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1. A nethod for recovering a natural gas contam nated
with high levels of CO2 and converting the natural gas
WO p109/140317 qui d hydr ocar bon contai ni ng one or nRECEUS2009/043682

hydr ocarbons or a |iquid hydrocarbon oxygenate

contai ning one or nore |iquid hydrocarbon oxygenates,
conprising: a) extracting a gas conprising carbon

di oxi de and net hane from a reservoir contai ning

SﬂaH%ﬁﬁhmﬁﬁﬁcmﬂﬁ@Eﬁﬂ%ﬁ&bﬂﬁmd@qmiﬂ@m%ﬂ"pr'SeS at Ieast
50 vol . % of the extracted and b) oxidizing t

ext r &¢ EUBPTEANENY %%paaﬁe%kxﬂg%aﬁné%mrgﬁﬁﬁrer@ figas® MAh P and

pr eseNaexiff thd cQﬁf)ﬂéés@Ji séﬂ)éfa%thg/@trd GAL R M8 bxi@htid product gas or the
temperature of |ess than %o produce an oxi dation

wrterdgne shifedcopnstiniredyichsad PEGER Cortagting therpsiftaf prrllerodugh gas or

tﬁﬁ@v@@lﬂ A 9l %x1d¥‘{fb% ﬁo&u@@ga@ﬂﬁ thd Alth opg nﬁ'ﬁMg geﬁal%t dBroduce

t he oxygen contal ning gas to carbon

thy thethenal ponductefs.t he extracted gas i s Iess t han one; c¢)

utilizing the oxidation product gas to produce the

i qui d hydrocarbon containing one or nore hydrocarbons

Br Tthkh eneltlioqwif dlahuy @ poagrd) ohinos@ g ehatca tbosteradiveprgatogdiqord
RN PRI B R dMPelRb R Fieu by Bafearvon

diotilai ning gas in the presence of steam 3. The nethod

of claiml1l or claim2 wherein carbon dioxide conprises

nore than 60 vol.% of the extracted gas. 4. The net hod

af The aicfoll oPElaiNy oOinyGlf dlaifs 1@ fulrthieit Jdatprisiagicis®eb @ cddligg the

step of separating carbon dioxide fromthe |iquid

iyt BTOBT 287 Dt H &R YN dPHYFdP eeirain s oyifatie sodust gas with
RLAAUGend Wil d9Whifl ch¥ALOcar bon contai ning one or nore

hydr ocarbons or the |iquid hydrocarbon oxygenate
cont ai ni ng one or nnre hydrocarbon oxygenates. 5. The
f@tﬂg gleg{o_d%lf Ql'aﬁq tori} €f: 1r1(fsogrp(5 hl?tlhgl% (1{(39 sink 8RR sféﬁ) of cooling the
re-injecting the carbon di oxi de separate d rom
dm@mmmpmydngmanbmmunmﬂmhépMWQWcdnhydgﬁm@xwmquxygengmewm
%» q; q&%rv0|& 6. The nmethod of claim1 or any of
?g?ﬁﬁn SEGE8R N he oxi dation product gas is

utilized to produce a liquid hydrocarbon oxygenate by:

pti o cont act i t he oxi dat i r oduct
fﬁa? it ﬂeg%?ﬂ]%ﬁ]al%l Mnéfro?glﬁ it peE i 9’5@3@9 Prpdtct g i
atﬂﬁaﬂroqirwhse ofiqfid ByardQadevl,0 4000C and a pressure of
fromO0.1 MPa to 15 MPa tQ produce a water-gas shifted

oxi d&0 PR o tiRgbe Oﬁsiat@amoo@@fﬁ 533 Mth steaR pprht Paigr-gas shift
cf&[a%'f’gtta t&ﬁﬁerﬁﬁre OIP EodoBfc Q@ﬁ)o@é‘ 51{4 aeﬁ%ﬁfﬁle Q)ﬂ‘ﬂoﬁrb PMPQ Wets
gas with a hydrocarbon oxygenate synthesis catal yst at

M P2 gorperedeurwatotgad slofleR@@GGon prog@ft)@@, and a pressure of
from t [

oxyginat i ehut M B RCOAEE 1R G RE AR idurion producr
gmxy@thra&hmar-mopmtcamr}aﬂ dty t@qp&maé bfl@orﬁ R60°0r to @O0 and a pressure

oca enat e s frqomthe hydrocarbon
SRR EAE IS A R SR Aol
Oxyg% alstﬁm@lwge h@t@lé’ﬁh@b@ﬁl@fﬁh@ﬂ HyumﬁB@ﬁ @ s fashl Gl hgdScarbon
se aratlng 't qui d hydrocar bon oxy%enate from

Hrﬁf@wh%ﬁ%@ﬁ%ﬁ hydipgeher-enrjsheshiyedfocgben grodpgigas; and
hydfQ@@kﬁﬁﬂnQ%MQﬁ@ﬁ&&b&ﬂ&h%ﬁﬁﬂchﬂ&ﬁ9&@&&@&n&%M&@&ﬁ¥gmorme
product gas. 7. The nethod of claim1 or any of clalns
lzdgmﬁﬁé@émﬁm?%EW%%Wﬂﬁﬁméﬂuﬁﬁaﬂuct gas is utilized to
produce liquid nmethanol by: a) optionally contacting
the oxi dation product gas with steam and a water gas
shift catalyst at a tenperature of from 2000C to 4000C
and a pressure of from0.1 MPa to 15 MPa to produce a
wat er - gas shi fted oxi dati on froduct gas; b) contacting
the oxidation product gas or*the water-gas shifted

oxi dati on product gas with a nethanol synthesis

catal yst at a tenperature of from 2000C to 3000C and a



pressure of from5 MPa to 15 MPa to produce a net hano

product gas containing nmethanol; c) optionally
waeepan#Bihg one or nore non-met hanol gases fr oPET/H82009/043682

nmet hanol product gas to produce a nethanol -enri ched

hydr ocar bon oxygenate product gas; and d) separating

[iquid nethanol fromthe nethanol product gas or the

nmet hanol enri ched net hanol product gas. 8. The nethod

of TokaidMod orbemel NikiRer ShPBasial teRich @NaddiMg BRPAI@EINGoduct
one or nore nonmet hanol gases fromthe nethano

96 by aicnosy A0 Corior trgaactingthe eradrsion erpdpetizatvih derre pndhe
$APRLL SER s6R&r at i ng hydrogen from the net hanol
product gas.9. The nmethod of claim@8 further
conprising the steps of a) conpressing the separated
O+ T A
L e SR Balt EE BB Db ATl MR b RN Rh e
@X bglat thexn 3Q0°Cquiot tog;@ﬁtaaﬁngtth@ommneﬁ poydscthd Hitkecthe Fisher-Tropsch
coTbustlon product gas prior to contacting the
Baht i on product gas or the water-gas shifted
oxi dation product gas with the methanol synthesis
catal yst to produce the nmethanol product gas. 10. The
nmet hod of claim7 or any of clains 8-9 wherein the
step of separating liquid nethanol fromthe nethano
product gas conprises separating |iquid nethanol from
carbon di oxide. 11. The nethod of claim?7 or any of
clainms 8-10 further conprising the step of cooling the
oxi dati on product gas by at nobst 3000C prior to
contacting the oxidation product gas with steam and
the water-gas shift catalyst. 12. The nmethod of claim
7 or any of clains 8-10 further conprising the step of
cooling the oxidation product gas by at nost 3000C
prior to contacting the oxidation product gas with the
nmet hanol synthesis catalyst. 13. The nethod of claim1l
or any of clains 2-5 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 tenperature
of from 2000C to 4000C and a pressure of fromO0.1 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
Fi sher-Tropsch catal yst at a tenperature of from 2000C
to 4000C and a pressure of froml1lMPa to 5 MPa to
produce a hydrocarbon product gas; c) optionally
separati ng one or nore non-hydrocarbon gases fromthe
hydr ocar bon product gas to produce a
hydr ocar bon- enri ched hydrocarbon product gas; and d)
separating a liquid hydrocarbon product fromthe
hydr ocar bon product gas or the hydrocarbon-enriched
hydr ocar bon product gas.14. The nethod of claim 13
further conprising the step of cooling the oxidation
product gas by at nobst 3000C prior to contacting the
oxi dation product gas with steam and the water-gas
shift catalyst. 15. The nmethod of claim 13 further
conprising the step of cooling the oxidation product
gas by at nost 3000C prior to contacting the oxidation
product gas with the Fisher-Tropsch catal yst.
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