METHOD FOR RECOVERI NG A NATURAL GAS CONTAM NATED W TH HI GH LEVELS OF CO2
Field of the Invention The present invention is directed to a nethod for
recoveri ngoaoraisorsal gas contam nated with high | evel s eCT@S2010B820kgr ound
of the Invention Natural gas is a fuel gas used extensively in the
petrochem cal and other chem cals businesses. Natural gas is conprised of
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hydrocarbons into a liquid. Another method that may be used to convert natural gas to a
liquid hydrocarbon is to convert the natural gas to a synthesis gas by partial oxidation or
20  steam reforming, and subsequently converting the synthesis gas to methanol. Synthesis gas
prepared from natural gas may also be converted to a liquid hydrocarbon by a Fisher-Tropsch
reaction.

Non-hydrocarbon components of natural gas are generally considered contaminants

when converting the natural gas to a liquid hydrocarbon. Carbon dioxide is one such non-
25  hydrocarbon contaminant, particularly when present in the natural gas in large quantities.

In a cryogenic cooling process to liquefy hydrocarbons in a natural gas, carbon dioxide
may crystallize when cryogenically cooling the natural gas, blocking valves and pipes used in
the cooling process. Further, carbon dioxide utilizes volume in a cryogenically cooled liquid
hydrocarbon/carbon dioxide mixture that would preferably be utilized only by the liquid

30 hydrocarbon, particularly when the liquid hydrocarbon is to be transported from a remote
location.

Carbon dioxide also may impair conversion of natural gas to synthesis gas so that a

liquid hydrocarbon cannot be prepared by converting the natural gas to a synthesis gas and
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and requires I nput of heat to drive the reaction. i gnificant anmount

of carbon difbghlyectiye prraevidatian epfalyiit m-éhosga%%clqs:a% irﬁégﬁ il Eptalesiudi ed to
ot R YOLIRSLR, PSSO N B A By
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lower temperatures, for example, from 350°C to 700°C. Catalytic partial oxidation at these
lower temperatures with these catalysts is disclosed to generate carbon dioxide as a product,
which is undesirable when the starting feed material is already highly contaminated with
carbon dioxide. Further, auto-ignition of a hydrocarboneous feed and an oxygen containing
25  gas would be expected to be quenched by high levels of carbon dioxide at such low
temperatures.
Steam reforming natural gas to produce synthesis gas is an endothermic process,
unlike partial oxidation, and requires input of heat to drive the reaction. If a significant
amount of carbon dioxide is present in the natural gas, the heat duty required to produce the
30  synthesis gas is large since heat must be supplied to heat the carbon dioxide as well as the

methane and steam reactants. Further, the carbon dioxide acts as a diluent, reducing the rate

of the steam reforming reaction by reducing the interaction of the methane and water
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gas into nmethanol, conprising:a) extract i,ng a gas conprising carbon dioxide
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with greater than 40 vol.% carbon dioxide is generally not undertaken due to the difficulty of
producing liquid hydrocarbons (e.g. methanol) from natural gas contaminated with such large
quantities of carbon dioxide and the difficultly of removing carbon dioxide from the natural
gas when present in such a large quantity. However, some of the largest natural gas fields

25  discovered to date are contaminated with high levels of carbon dioxide. Therefore, there is a
need for an energy efficient, effective method to produce liquid hydrocarbons from a natural
gas highly contaminated with carbon dioxide.

Summary of the Invention

The present invention is directed to a process for recovering a natural gas
30  contaminated with high levels of CO, and converting the natural gas into methanol,

comprising:
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from 5 MPa to 15 MPa to produce a methanol product gas comprising methanol and carbon
dioxide; and
20 f) separating a first liquid methanol product from the methanol product gas.

Brief Description of the Drawings

Fig. 1 is a schematic of a system that may be used to practice the process of the present
invention.
Fig. 2 is a graph showing a comparison of methanol conversion rate relative to carbon
25  dioxide concentration in a synthesis gas from which the methanol is prepared.
Fig. 3 is a graph showing the carbon dioxide loading of various washes relative to the
partial pressure of carbon dioxide.

Detailed Description of the Invention

The present invention provides a process for recovering a natural gas from a natural
30  gas field contaminated with greater than 40 vol.% CO, and converting the recovered natural
gas into liquid methanol. According to the process of the invention, natural gas contaminated

with greater than 40 vol.% COx is extracted from a natural gas field and is converted to an
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product. The COs, is easily separated from the liquid methanol product by condensing the

liquid methanol product and separating the condensate from the CO, containing gas.

In an embodiment of the process of the present invention, the portion of CO, removed

from the carbon dioxide contaminated natural gas prior to partial oxidation of the natural gas
25 isremoved by washing the carbon dioxide contaminated natural gas with liquid methanol.

The liquid methanol utilized to wash the carbon dioxide contaminated natural gas may be

provided by separating a portion of the liquid methanol product and using the separated

portion of the liquid methanol product as the methanol wash. Carbon dioxide may be

subsequently removed from the carbon dioxide contaminated liquid methanol wash to recover
30  the liquid methanol.

As used herein, when two or more elements are described as "operatively connected”

or "operatively coupled”, the elements are defined to be directly or indirectly connected. In



connected or operatively coupled indicates that the designated el enents are
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t he0pr dessoiigk may be sxigacist aceording %ﬁnv'f&éwa@%tthwé%@tt&ﬁpng a gas from a

natural gas reservoir. In an embodiment, the gas may be extracted from the natural gas
reservoir 1 by drilling a natural gas well 3 into the natural gas reservoir 1 and extracting the
gas from the natural gas reservoir 1 through the well 3.
Conventional methods for assisting extraction of a gas from a natural gas reservoir

25  may be utilized to aid in extraction of the gas from the reservoir 1, for example, acidizing and
fracturing may be used to aid in extraction of the gas from the reservoir 1. The reservoir 1
may be acidized by injecting an acid, typically hydrochloric acid, into the reservoir through
the well 3 to dissolve portions of rock in the reservoir 1 to increase flow of gas into and
through the well 3. The reservoir 1 may be fractured to open the reservoir formation for

30  increased gas flow by injecting a high pressure fluid or gas through the well 3 into the

reservoir 1. The high pressure fluid or gas utilized for fracturing may be water or, in a



The gas extracted fromthe natural gas reservoir wll contain nethane and
carbon di oxi de, where the carbon di oxi de conprises greater than 40 vol. % of
t he extr awDeadiogmars2l n an enbodi nent, the carbon di oxi dePoEUSC@OLI09€
greater than 50 vol.% or at least 55 vol.% or nore than 60 vol.% or at

| east 65 vol.% or at least 70 vol.% or at least 75 vol.% or at |east 80

vol . % of the extracted gas. ,The extracted gas, .may al so contai n other
corrpourl?éesf?rr?‘b‘?m]é%g‘ﬁ‘ﬁ‘i‘te?arg‘i’féd@%‘cdfea?! @ ﬂ&a@ﬂﬁ%ﬁleﬁﬁ?amwl&aﬁ Pechd-ar wei ght
hydr ocarhrRt gRa8SofAhdEroct R3NP B BaRLiInsHRbnAss &B@he beifywpane, and but ane,
and may al so contai n gaseous sul fur containing conpounds, for exanple,

hydr ogen sullheges ethetedXtanadteettuyalsga oesasyoar Widlsrbatap knefhane andcasb@ss f or
convertjng, hydrocar bons articularly nethane, .i he .extract ed to
et andi S SRR S50 PR SEbeYarfBe RS A0 sk i (o BSeR 2ol o
wth ae%%ﬂi_rﬁ&t,&ﬁé e6bb1y &iokRle PiRLdeHrRe %@ﬁfé@%aﬂﬁor@@.t%%@r gaisat 3ta1.9%, BY | ess
carbon di oxide than the extracted gas but at |east 20 vol. % carbon

di oxi denore ghaaloptviod- . 1oy aplapst baVPY %o Rt #iledshd) velelonerstidatsielt yaldhed aglesstt o form
an oxi %%tv'of.% & tﬁg g)?t%ac%%s 250 haL - REL S agtmha%s 2. c%%fa,in &ﬂg csolfllljseggse %rl y,
utilizing tThe oxidation product gas, “or a-derivative rl'nerepoofu, as a

f eedst egkmpler thp eREaEEdEh sanayEddnEI® lovpmothdGlar g@haRgirscIBaNEBBs dijtecmdensi ng
a liquid methanol product fromthe nethanol {)roduct gas. After extraction,
the extPAkIsdughds §thangepiopaicednd bripicoard 812K glse Ganinstnscan ey spatayng onduct

t heoPr QEESSus foﬁ]%xér@'l@mﬁ?égeﬁlsﬂlfﬂ@. enbodi ment, line 5 and valve 7 may be

used to control the oW "0 e extracted gas fromthe well 3 into the
processi ng diuieptrantd gakHernexd fead{teck fpas praysdier canditigdn@doqartions, t o bei ng

catalytical ]y partially oxidized. The extracted gas ) be conditjoned for
cat al ytpﬁecaﬂ%ﬂmr%qtﬁm waiby BHA5{ e i mefipre dregetenPeMERy S yieps of ©

depr esifubBinBhe Bhrablc88hi RhLREEXS EREIRE t9pRdL& £ RIRNE kil Al OXi de from
the extracted gas, where the treatnment to renove carbon dioxide fromthe

ext r actcentagarg lessycaponadibeide thae thoextented@anbutort leasolinag. Gfcadontdigriidlant gases

) . | f t ai ni - 3)..desulfurizati f
¢ hdS exerBhPBAG bl R g bantet s PRu L B PR oot b or o ©
steps mBitahen LHMHRERILE Anl QuiREQWNE, @PizidBthe 6RIAS b %@Hﬁ@ af, or ARleA¥itivact ed

e

gas for catalytic partial oxidation, for exanple, t extracted gas may be
desul f thgroeddas nfegdsoddrfopprodueing pangthanebpiodiefaaap ard subsenusAdy eendepyieg Reat i ng

st eps. lig f‘d8@55&%%&&?@@‘5@m‘eéﬁ%&ﬁ%{ﬂuc?gas?t a relatively high pressure

since natural gas‘extrac roma uraf gas reservoir is generally a
rel atively hifgh cptigsions e g@SactddigadneddIndidirs prodehingeaduigndedffgaseray have a
pressure of from1l MPa to 30 MPa. In an enbodi nent, the extracted gas may

hav@ a cpr@isstieeregess elght Hvgpaon on ey epbeditAFEHinesd id Hilye 7 may be used
control the flow of the extracted gas from the well 3 into the processing equipment.
The extracted gas may be conditioned prior to being catalytically partially oxidized.
The extracted gas may be conditioned for catalytic partial oxidation by one or more steps
including 1) depressurizing; 2) treating the extracted gas to remove carbon dioxide from the
25  extracted gas, where the treatment to remove carbon dioxide from the extracted gas may be
effective to remove minor amounts of contaminant gases such as propane, butane, and sulfur
containing gases; 3) desulfurization of the extracted gas; and/or 4) heating the extracted gas.
The one or more steps may be coordinated to provide optimal conditioning of the extracted
gas for catalytic partial oxidation, for example, the extracted gas may be desulfurized in one
30  or more steps in coordination with one or more heating steps.
The extracted gas will typically be at a relatively high pressure since natural gas

extracted from a natural gas reservoir is generally a relatively high pressure gas. In an



a preferred pressure range in which nost of the steps of the process of the
present invention are conducted, so that the pressure of the extracted gas

need not Wwe 2adyasstsed prior to feeding the extracted gasPa3/is26ieed®vock for

catalytic partial oxidation. In an enbodi nent, the extracted gas nay be at

very high pressure when extracted fromthe reservoir 1, for exanple, a

pressure at.  or apove 20 MPa, or at or above_ 15 . Th essure of a very
hi gh pregg)geﬁr%enéysﬁ?%f%&dﬁémw&aﬁ%awa%%a? frgmal MPade df Miror8 3y tabl e for

treat MRfholifndnl §hPEQALRED g% n{agl%ab@é(ﬁfgs&lﬂ@ oPMofrePpd it 95 Mg WRIY iHivARin
pressure extracted gas to a sélected pressure prior to catalytically

part i alalpyefextd pressuge tange exwhmb tneght glthe steps ahthe phwdssneribg psengitvengered gas

havi bove 15 MP b ded, t ; e of from1 MP
to 15 RoNgReiEt o8 T dbsPuntsrol Bt aecrnpd et gridr Brieedif e of 10

MPas5 A teExtrabicd BaPhes i Ro@Xfor ashigtc gasian®dhpnexpanded by feeding the very
hi gh pressure extracted gas fromline 5 through an expander 6, where the

extracted gdsanambodicenysheextiagied gas mrpanst vy highpresseissvires extipetad frent or
treat m%l'i]et re frvcgirr"i £ )r(tC)r(a é)lg,d ﬁ%g u'renatto?gb(g)vre%el{)ﬂ[’a,porroag &F ﬁc‘tho%g lgq\ﬁﬁz{.l 'Pl?ed above.
D di y Hhe™ A hi'g

Ener gy nay be produce Inted expansi on o h~pressure

ext r actpess@asfhhegughh phesiexpanded fs naybetrbuced & gyresARiye B@rdduidableder t 0
drive a unit 8 for separating oxygen fromair, or, alternatively, may be
capt ur dgaeng nethe proceesyof theinypntidadRyfxparding sty high etaspuie exvacdseaid? a

pregsur, 1.LRi . : : : L t reservoir 1,
o el gt Pl Ml ity Mo R B e R BT I L eesure of
t he extermbotimtbngas cxiradthe gy lacees @messutreabony éf M Rmmanhel¢x pandedefoar @essutee

extract as_ need t be fed throu an and n an enbodi nent, the
ex pand@??@%ﬁgw ilgﬁéﬁ’yx fed Bseémagﬂfr@%fﬁ?’ féo iéé/{%ﬁ)f G PSS %f{fbig t he
processpf the invention. In another enbodinent, the extracted gas may have

a significantly variable pressure, where the pressure of the extracted gas
may range f rPovers higly yressuggrexpraeted gaemay bg expandedbyl feeing the verg highggsssne bel ow
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t he resigiwdidkpdnshiht tolahReRERSEHEe &1 theR@ndRST BxtekBadteodsiamhd fiesaheser voir 1
may fall significantly over tine as the reservoir 1 becones depl eted of

gas. | mreasbssaselepaiiesahove. thnergsxmpnbe ppdyess biatic banited sapystpntdd adiglel ect ed
ressur f ract ] -hi ' nsi on

oS he SRR e ADBBH L AR FOSRER b VERY A 0GR

pr essurebebmatife veyaeén itoghaipr@sateratively, iy $e enfroddmeslectriche. extracted gas

may be fed through an expander 6 when the pressure of the extracted gas is
ve§9 hi gh, H@mg@bs)dlp}q:gt,mpé]&@@raﬁgg gas has a pressure within from 1 MPa to 15

MPa upon extraction from the reservoir 1, no expansion of the extracted gas may be needed to
reduce the pressure of the extracted gas in the process of the invention, and, therefore, the
extracted gas need not be fed through an expander. In an embodiment, the expander 6 may
optionally be excluded from the system for practicing the process of the invention.

25 In another embodiment, the extracted gas may have a significantly variable pressure,
where the pressure of the extracted gas may range from a very high pressure, e.g. above 15
MPa, to a pressure below a very high pressure, e.g. from 1 MPa to 15 MPa. For example, the
extracted gas may have a very high pressure when the gas is initially extracted from the
reservoir 1 but the pressure of the gas extracted from the reservoir 1 may fall significantly

30  over time as the reservoir 1 becomes depleted of gas. In this embodiment, the extracted gas
may be expanded to a selected pressure when the pressure of the extracted gas is very high

and expansion of the extracted gas may be avoided when the extracted gas has a pressure



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

I n the prwoesw/sh7sehe present invention, the extracted @as/usgoivoeaobbed with
a wash in a scrubber 9 to renove a portion of the carbon dioxide fromthe
extracted gas-produci ng a washed extracted gas containing | ess carbon

di oxid han the extracte as but contajining at | east_ 2Q vol. % carbon
di oxi d .efomv.w &S SHiESe HANRIS ATy gdlﬁﬁpt,%ﬁit%f@wawam?%@,rm@%aapparent|y

acts a%xﬁaﬂldieﬁé %@Eq{e%é’sshﬁ drhge @{t&@ééﬁtgiaé)f?s x%fy ﬁﬁ%hhﬁﬁ&&velf, '%Mx%ﬁé@ﬁé%a@”d _
t hereby 1 nproves the rate of production of t'he nethanol. The wash utilized

t o scr umytbeeshented astued thyascpaeder 6dopydid @xpangisinchi et dxdmnoled gas whatytheonpri se a
liquid _am ne, .qr C rise a physical solvent such as SELEXOL(r) (a

i xt ur SBPOE ORISR ST BREVGbI Y IR RSt yeol ) or PUR SOL(1)

(N-pet hyl - 21pWel2bécd9BEMe pkdseittiifventiOn! thé Bkt tedNdal @Ssciteg wither wishsghub t he

extracted gas may be selected fromthe group consisting of nonoethanol am ne
(MVEA) , seibbsti Hiogemayot eritis of HiecahpnsliapdnBomyoEmytractpd@agi-prefusingher eof .

As shown in Fig. 2, the rate, of nversi f.Sy0 h | . accordi ng
o e ranctoudeabes Ot B 4 TRBIRR TR BB AR RRE Sy ngas

in a range2®olfr eabah disxideoAlehcagh el m8chahiSmn® het piplemly urdentoc@2COs
present in the syngas in a range from30 vol.%to 50 vol.% and is nost

opt i malaPRHeRYasSs Issingpisgrediate i theepradietjas of methapelfgum syngas gnd 8srepy| . oot o 45
voln% : r : LS scrubbed with the wash in an anount
ef gct ilv E{Vgg %Fggﬁ%gﬁg%%ﬂﬁ%gitgggﬁlgld gas containing from 20 vol.%to 60
vol . % car boThdivaxh délizedrtoisoruanheasxtanted gh§ eay icvmptice [uad veehaaolasmag

extracted gas containing from30 vol.%to 50 vol.%c j@xide, or in an
arount BPPERE 1 JRUHaTBID AL EBY FORRSMCUP R PR  gied STarFPhG & PSS vol ok
to 45 vehinterhAldaRs 1d03d1¢i8hy1dNE:1 QOB PIOR ISERST (N-GHM 1 €0 1R 1 RIBh P LIRS
extracted gas to produce the desired | evel of carbon dioxide in the washed

ext r actcentagarg araipehefeitive tnsamedthiex tranied gasimay beeelastaddorm dhcoxdde cont ent
(i.e. partial pressure) of.t tract as fed into the scr .9 and
ol Sur Bpriiy e SR s AR L R PaRouE e dePebd BatEBiEAY car bon
di oxi denfl roRtutdRenh&axdr act ed gas based on the carbon di oxi de content in the
extracted gas feed and the tenperature of the nmethanol wash. For exanple,

Fi g. 3 shows\sshewaan bien 2dihexitelef privRrstamefsaingasdp aethapobicepstingaioche

rono hepshartPeoEAy, Bl PO el LOPLOLAPLE R
pr essunre vof. Zc@rdoor] g, axinde: opimat ivheAIC(ds psehtimthealyegsah @ rinpe fammant of
V\13.528 ' %%ij.i%rtg%OtV%l.E/o? rzIrtl)c\il ?s n%osbjc%lpgr%gle\gheahrrg%ﬂs pciesent in the syngas in a range of from
35 vol.% to 45 vol.%. Therefore, the extracted gas is scrubbed with the wash in an amount
effective to produce a washed extracted gas containing from 20 vol.% to 60 vol.% carbon
dioxide, or in an amount effective to produce a washed extracted gas containing from 30
vol.% to 50 vol.% carbon dioxide, or in an amount effective to produce a washed extracted
25  gas containing from 35 vol.% to 45 vol.% carbon dioxide. The amount of wash required to
scrub the extracted gas to produce the desired level of carbon dioxide in the washed extracted
gas may be determined by monitoring the carbon dioxide content (i.e. partial pressure) of the
extracted gas fed into the scrubber 9 and calculating the amount of wash needed to remove a
selected amount of carbon dioxide from the extracted gas based on the carbon dioxide content
30  in the extracted gas feed and the temperature of the methanol wash.

For example, Fig. 3 shows the carbon dioxide bulk removal capacity of methanol,

monoethanolamine (MEA), methyldiethanolamine, diethanolamine (MDEA), PURISOL®,



carbon dioxide fromthe extracted feed to produce a desired carbon dioxide
content in the washed extracted gas. Upon determ nation of the anpunt of
wash requwoedisorsenove t he sel ected anmount of carbon diPaXiuseotvoeowws he
extracted gas, the selected amount of wash nmay be injected into the
scrubber 9 to wash the extracted gas. In an enbodi nent, the nonitoring of

the extr S carbon di oxi de content, the cal cul atign of the anmount of
wash réaggﬁﬁg r dvplgeted terppespipey TEIABYSHP the Paé%i?lﬂ)é‘??sw‘ie&g i ar@mfl fizﬂlﬁﬁf

ext r actaflci0as a4 %oocaﬂ)cru@ﬂé‘% aAe Bﬁﬂa%cﬁlﬁ%ﬁg SRSV §éibc@ed5£ﬁcﬁﬁﬁ Sfi car bon
di oxi de content, and injection of the required amunt of wash into the
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extracted gas may chilled. In an enbodi ment, the nethanol wash may have a

t enper &edirjected infe mscm@bﬁlt%twshdhe @Zittaé??é@la&tln ep egbodimert. tBo@ongorineseE, or a
tenper E?111 ?ragted rgz%%(%trhon dl% ggt khe ca cu tl% ogﬁ{[ %tmou%? 0 w%s%ltrgtgulrrg%t hanol

wash used 16 s¢ ion O

met hanQd:mWeQdﬁ&éctdﬁr@ﬁbiﬁledf mtbdsm@oﬁirde cfle)sls tlﬁfextrﬁ@ecpgzﬁ;sfeéﬂ tol Iﬁmﬁﬂ:%la@tfashd:d\
addition to renoving carbon dioxide fromthe extracted gas, the vvash may be
ef f ect ie@agies gasrpithed prdpriereabeTedionidn cente Homnchinisetion oliks &egureg Anonat of

ethbath%q ‘&ﬁé tﬁ@k%mb%%@ﬁﬁ%%% fBlEd Bgr &% Giordafbdls ?tel%xfafef‘é}lﬂﬂgj a3 toh{&té’&' nor

anmount s. exanpl e enove prop ut ane sul fur
cont ai m'ystgngastedlesldql‘omsarlm;&de oqaputsml fide fromthe extract ed gas. In an

enbodi ment, _t he ract contain sul fur containing gas
conpounds WA P %” %fﬂb?drtﬂmF‘ﬁteﬁ?é’?%EHgf Qé“P§C‘T”:';?é]F?%?€’EaiC§?Q gtaé)lsrc@ﬁ%’g

subst a'thﬁi' h¥thatdl. The bldehadibl {ih KEMIARING a%@ﬁlﬁmﬁ di0Rt Rentorkr act ed
gas. The washed extracted gas contai ning sulfur containing gas conpounds

may be extrededghstnoay edilse loranehibeilmaans thenlethendlf washaont kavaiarigmpanapouefds from

h vva hed r|or t 0. cat artiall ng the
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desul furi zeryJRBybe@NE@Mer H@:t‘éf“ b@lo%vokﬂe%étﬁéﬁdi' ka8 QERb B uP MKt Al ted gas

preferably disposed in a guard bed in the desul furizer. Desul furization of

t he wasirycbeaxpartion elithg diguidymetbartcd prodait froducsd by dhespriofess ohtiegnérieny mat er i al
may be.conducted wi th conventional desul furization materials for
desul f dTY2M'RYy gases that areconmercially available. In an enbodi nent of the

process t he [gakididosl @stehfonngZaticaniicralefrbml thé extPack@BABthe Maklymayat| abl e
mat28r ! %lffect:t?vafl:tto ?gr}lgveansonamgtlflgrfleu rnor(’i1 ?:grc‘t))rortl) %?Jxmg gaigst flr(;/n? tltleoexilg?:tcf):zi l:;;ass \lfflhgrllj guch
gases are present in the extracted gas in minor amounts. For example, the wash may remove
propane, butane, and sulfur containing gases such as hydrogen sulfide from the extracted gas.
In an embodiment, the washed extracted gas may contain sulfur containing gas
compounds when the wash in the scrubber 9 is ineffective to remove substantially all of the
25  sulfur containing gas compounds from the extracted gas. The washed extracted gas
containing sulfur containing gas compounds may be treated to reduce or eliminate such sulfur
containing compounds from the washed extracted gas prior to catalytically partially oxidizing
the washed extracted gas.
The washed extracted gas may be desulfurized in a desulfurizer 15 by contact with a
30  solid sulfur adsorbing material, preferably disposed in a guard bed in the desulfurizer.

Desulfurization of the washed extracted gas by contact with a solid sulfur adsorbing material

may be conducted with conventional desulfurization materials for desulfurizing gases that are

10



from sul fur containing conmpounds that contact the material as the washed
extracted gas is contacted with the material. Such sul fur adsorbi ng

mat er i al swoayio/asetsade active netals including zinc oxi deCTasSpEenN2@®24 de,

al um num oxi de, a m xture of copper-zinc oxides, a mxture of copper-nickel
oxi des, and magnesi um oxi de, and ni ckel oxide and may include a support or

bi nder forned of alumna, siljca, alumna-silica, titania, or other .
refr acfam%%ﬂﬁégﬁaﬂ?ﬁ% &%Fﬁlbwﬁaﬂapﬁ Jrins BrOpPsRe Wﬁé@ﬂﬂ&&?%mateﬂal is
temper aldhfinliah ClaBid!rhiteridithd N6ts S Gk RO BEA G AQBQUNAS safisior bS Lo

the solid desulfurization materia ut below a tenperature at which sul fur
adsor bén sulfuneomaingrg @mposindethor gvmthct thermatérgal matherwashed extratederbodi ment |

t he washed extracted gas be,.conf acted wit.h a salid,desul furi.zation

s er epries HAShE R RAR) e 2SRttt B e i e 3508 ror e
pr efer allydiak zidc bR EEphe &xidd, afungfuhRGel ® 3ot of agpMasheskigxt hact ed gas

may be heated to a tenperature effective to induce the partial oxidation of

t he extmizereef epapei-mckd oxidgs.ing snagpayiemapxidsx pefhicky oxslgend maylinclage a
enbodi nen . hed. ,ext d..gas be.. he iLn_one or re.heating
el enentarisyt el PRI AR SRR TR PRUIC LA, bPoBRE BRI GUlRE, ' 13

More than onelleallfufigatdreiRprdferably ddadusablatianeinperafi©sesificwfulfren thevent i on
to raise the tenperature of the washed extracted gas to a sel ected
t enper abiireconainipe perRewHWs adforbciodhg shidesHiprizgtiphmateriphntibelpyet at ure of

t hgowashs rgt)ﬁ#er AGHES 9 5&’so§: O‘r?i 3 %eerﬁ%t%galtig HFs%E@Jd%cﬁn ﬂfcp%t‘éfial.z.)ln LR permt

ot her steps of the process, exanpl e catalytic desulfurization, to be
ef f ect echbodinvene th¢ vestetlepgaaéd gasirhayabd gonleesatd wigh & baidveshifariaxibn acitathl gas i n
the first heating el ement and heating the washed extracted gas in any

subseqddHi dsedfyrigr BT dfeismperatie ohHeRel POk 9 43 Ed MPas P MIRAEY to a

tenmperaiure at. fro%l?%’ dg?o%u(?o-i gnition tenperature of the washed
extracted gas en conbined Wi th an oxygen containing gas in the catal ytic

partial oxi dativaRhéeaetaeted kds mdy bBBepeEanempefatae pEdtivalto ddud@theon

catal yst so the washed extracted %as may be partially oxidized in the
catlal ytrpeiahaxidatin efitheigxtrastedraanét Be canlystprstial pidatignireactos {edber at ure of
the wa i i LA S 1S, at
| east TREGARER e SRR AT Neh el de SEHORIERML SLRLRAIRENS, 2
i n t he bpapgtfedito thx catakytiopartiabetidatich3eacandl IraMoleahan dentpatiag elemeof may bé east

200C, preferably at |east 300C, and is a tenperature of 900C or |ess, or
may be USCH EripePRreof Sic igyenipatio satrche mpsratis t%w%,ed &¥ragted@is {0 800C, or

at ms%elé&@@te;ﬁpﬂerﬁﬁre@% FI‘I)QIQ@ sufitGedTR¥atRE 18 rliSI e idhper2afe JMR2ARE to
900C, or a tenperaturée of from250C to 700C, or from 300C to 600C. In an

enBOdi metmacted grs todishettcediteaperedrgasd/ony) togpehredbdwr stopsoft therpecatsufos of from
200C t %Xample catalytic desulfurization, to be effected between the steps of initially heating the
washed extracted gas in the first heating element and heating the washed extracted gas in any
subsequent heating elements.
The washed extracted gas is heated to a temperature at or above the auto-ignition
25  temperature of the washed extracted gas when combined with an oxygen containing gas in the
catalytic partial oxidation reactor 13 in the presence of a partial oxidation catalyst so the
washed extracted gas may be partially oxidized in the catalytic partial oxidation reactor 13.
The auto-ignition temperature of the washed extracted gas when combined with an oxygen-
containing gas is, at least in part, dependent on the activity of the partial oxidation catalyst in
30  the partial oxidation reactor 13, and may be a temperature of at least 200°C, preferably at least

300°C, and is a temperature of 900°C or less, or may be a temperature of at most 800°C, or at

most 700°C , or at most 600°C, or at most S00°C, or at most 400°C, and may be a temperature
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900C, or from 250C to 700C, or from 300C to 600C by exchange of heat with

t he oxidation product gas forned by catalytic partial oxidation of the
washed exwoaotidofas. The heating el enents nmay be heat exthspgensw9lhe
washed extracted gas may be heated in a first heat exchanger 11, or in a
first heat exchanger 11 and a second heat exchanger 17, prior to being fed
to the catalytic partial oxidation reactor 13. Preferably, heat fromthe
cat al ytof &opatt0°Gito gi0dat Prorfempeiafie AaEARE O Al galomslised 6 keat the
washed (extr by_f i.ng.the oxidat rodu as. for-om

cat al yif 40 SABMERAE T8 QR DB BRI R R PR TR IR Guger 14,

and optoper@ldr ¥rohh? 50eghto #0§RT VR EroReIF0°EXE HBDAC by dxchahgdofIRaORHEN RRAL
exchanger 17 is utilized, to heat the washed extracted gas prior to

cat al ytoxigatipy pysdpeti gab fgrmedibdicaiahgict faetiabasidetore st the stashidyasracFhgacat al yti c
partial oxidation reactor may be, operatively.connected. i aseqQus

P nuni cat i o e trERT i Ty BE PR S AlhbEs TR PATEH SR e SBRGREP e vy e
oper at inegky irc®ARE BéR dxEHAnF@SIAQ USinGOMIILINY € a;tdh@ﬁ%ewim And AecsmaMmas dxeddnger
exchanger 17 through lines 19 and 21, where valves 23, 25, and 27 control

the f1 dvb piortpdeipgiterhioi thacgrlyiapertighexidyionteadtorrlsy Parigrabbe bt Traamthe
exchan %g{agit]]% i)aﬁﬁg ?%ﬁﬁﬁlér{‘oﬁﬂe Wm%gle%géted gfsl iy %?edztg ’hegéhe %ﬁlea%x ecp gas
ro o) S nade of

aut omatl c con ed in response enperature nmeasurenen
t he wadlpdebdixd thaokiidtigaproduéettdan grohhide tataBitic paaial exididongenctdill3 tneighr of t he
washed extracted gas exiting the ond heat exchanger 17, _and/or of the

oxilBat ittt brphexchgagerdl %r}dr@tw%ﬁsg Foneha econdrhepbexchangsad 7 dri TeRt or 13 so
t hat tﬁa%atte‘;m%@bwg upitizdd1%o hﬁ:ctva%aa{:& @:&Pa‘&%d%i Pa&d{o%tag%gfclaggf b%ﬁﬁﬂfgss

product gas nmay be maintai'ned at a selecte pti 0
pr ef er alsidyzing the wasbérbektextedans.ehhgasalyay piréalheadaidnireactdrendyi esdpermiaely

exchanger 11, .and optionally in a. second heat excha r 17 b ssi ng steam
£ hr ougROPHEIH if Easeolin oA YR BN, hRESehegh AR e &ch Wit e
washed nextHeaseBliveR Tonhdt i@ in@ARQML 0BAMunichgoyRah ek R¥biPLdekBagediay be
heated to a tenperature of from 100C to 350C, or from 150C to SO%Cln a

fid8t Hegvgheledsdfgad 211 whereehbeaBB.\2SyndeXT benigl Hy Theae! the thidatipoprodoet of

t he oxi dati.on.product fromthe talyti artial. oxidati actor 13.
Shbsonsanld §O o BRY Seaif Bed 5 MahPEs SRGRY X o REChbRmE SALLIE RERLCT 3,
heat exghanaey auldmicaBy teiitrdlRE i@ FesPBHse t fngieyfilic MkapliefRES nsddePS thet he
washed extracted %as may be heated to a tenPerature of from200C up to
900C, orashedgntasied cepexibagthe dirsttheatgxshowet bl.coder phtherreashed ¢rdrasted@ddnd heat

exc han%@ftﬁi Jtlze se@{)l?c{ gésa‘fflPJzéﬁaQ%/ r?’ f:zﬂﬁl?(%' d? ghéq&a&atwnt ocﬁlcpgzgstélxﬁ)tﬂl Le Ezﬂgly?é AS

oxi dation product g romfhe catalytic partial oxidation reactor
notéd ahaieoxitlionoeector 13ar thatsthe psnp@fatepcpd it washetvastiniongl, gad@sdibof thei zi ng,

and heat | ol he ealacted aas 1Y 00, 9O1S) 2D Bl s plehiBh,
the washed extracted gas may be heated in the first heat exchanger 11, and optionally in a
second heat exchanger 17 by passing steam through the first, and optionally second, heat
exchangers to heat the washed extracted gas.

25 In an embodiment, the washed extracted gas may be heated to a temperature of from
100°C to 350°C, or from 150°C to 300°C in a first heat exchanger 11, preferably by
exchanging heat with a portion of the oxidation product gas from the catalytic partial
oxidation reactor 13. Subsequently, either directly after heating the extracted gas in the first
heat exchanger 11 or after one or more intervening process steps, the washed extracted gas

30  may be heated to a temperature of from 200°C up to 900°C, or from 250°C to 700°C, or from
300°C to 600°C in one or more second heat exchangers 17, preferably by exchanging heat

with a portion of the oxidation product gas from the catalytic partial oxidation reactor 13.
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extracted gas for catalytic partial oxidation. In a preferred enbodi nent,
as showmn in Fig. 1, the extracted gas may be initially expanded i n expander
6 to a sevechmdsprsessure, if expansion is necessary to PEUHISRWINL00pS eSSUr e
of the extracted gas to within a selected range. The extracted gas is then
scrubbed with the nmethanol wash in scrubber 9 to adjust the carbon dioxide
content of the extracte as to a selected |l evel and to renove a

si gni fi cant ‘pdr§GPoys: t@a RSUPT TBRSERPA ChE* RABABSUN g deR BRIt ret hane
gases Th@:ﬁ’cmgi]thg R diRIC 8 %a@r%%-coﬁlﬁnd‘é@cﬁt%%o@&é Bﬁt%ﬁci:oﬁ_éi%ioﬁﬁg of Rnyheeheat ed
in a first "heat exchanger "11 to a tenperature effective t0o permt catalytic
desul f gxiracied gas fof catd ptimpatialbxedatioac fred prdatedfamnboelxaens] & showa it Eigoér at ur e

of from 150C tq 350C. . The .washed ext.racte may then be catal yticall
Gesul £ 0he S3ete sieauy phonoal Sg e aShEeaE o bledd Menarna P
contai f{ AGteGARPRUBEIRe e ﬁx@&u%@ﬂlﬁ@'eﬁi@cfe@c%g% @aBin alRECRAS .effer act ed gas
may then be heated in one or nore second heat exchangers 17 to a

t enper xtireedgasds theh ouabbatewdly ths-mefhanal grash engsertben? & afjutt e wakived
extracted.ga n.m.xed with an_ox n.c i.nin as_.an ntacted with a
ot oot PSR FRr Qi Rthted B0 BT SOLR PR SEBOR FERBERE, o

700C. Theuhwatednyaeshpsure bfidotheth@amethihd pivgs o o extedctdia8. Feeond heat
exchangers 17 nay be fed to a catalytic 5arti al oxidation reactor 13 for
cat al ytaehgshitiagied gas eay thsh.beihsatgd pnp firs iperghapeet Hr e edeBpeidiierent , t he

oxijgat iegfgct%qg ;1591trni9 Iéftlalgﬁé’Q%%ri?éﬁogﬂ}f%e}’&zhsglgg trdcld %Péi Al fRo1Qto f he washed

extract gas is ut ed to provide heat eat exchange th the washed
ext r actt@tpgaard of ftore 1509Cto F06C s Theo nashivaaixtracted amgan thed baratallficallhe wel |
3, expander 6, if present, _scrubber 9, first heat exchanger 11,

desul f Geswwizedin denelfpiver dhe BMaysmost ebdhEHENRE el il gARME 1P RgINgEe

oper at i; in.g i i I ool t he
oxt 1 act e ERRLBRLERd &3, TRE R QTPATLE L' R ¥y B BERh ISP RAES. of the
pr oces seqond deattcxcliaigatsyit7i to apanpératureatiod aboventhe hutb Henivias keetpeeattreadtled gas.
For _exanp t he xpéam 6 may. be operatively connected in Q%Eeous

e er .
coﬁ?runi"t‘f’é{‘?db?’imtaﬁte 585 WRFT MExPyVith HeOBiecp fRNERINEER ANG ALV UPAr at i vel y
connectdciy c&ﬁzﬁgg?ni%g%ﬁi&aéata?y%t,ﬁﬂréfgra]% TGHRBOECT, PoddY, iRGes®a the

first heat exc may be operative connected I n gaseous
comuniveahdédoextmactell ghhexigog thelvae ofmbye secord Bdat etdhangtes U7 mayibzded b may be

operatively connected. in gasepus conpruni cation with the first hea
exchanﬁéﬁalw PRITHLO §?ﬂ%@a§_e%ﬁ}]§>r [RALYUE ParEh gEaton. ity AIEY ereP_chff?gF?/
CO“”eC%ﬁﬁ)oﬂﬂn&%stﬁé’HﬁlciMBaﬁ hOProdhdeld b%rh;%taﬁiﬁﬁ altill loZ Riaon lQﬁ/thl: lAGhed; and

the catalytic partial oxidation reactor 13 ndy be operatively connected in

gageousxoarerigdsaatiilaredwd phovidechegeloo hdatlesaiangx shtribewadigd leytrhdtedegB7n thin

0xy9en AN FL0NG 8RR Bk RT1g Yyded @ @ feed Tor the process for

The well 3, expander 6, if present, scrubber 9, first heat exchanger 11, desulfurizer 185,
and the one or more second heat exchangers 17 may be operatively connected in gaseous
communication by pipes or lines so the extracted gas may pass between the elements used to

25  effect the steps of the process prior to catalytic partial oxidation of the washed extracted gas.
For example, the expander 6 may be operatively connected in gaseous communication to the
well 3 by line 5; the scrubber 9 may be operatively connected in gaseous communication with
the expander 6 by line 29; the first heat exchanger 11 may be operatively connected in
gaseous communication with the scrubber 9 by line 31; the desulfurizer 15 may be operatively

30  connected in gaseous communication with the first heat exchanger by line 33; the second heat

exchanger 17 may be operatively connected in gaseous communication with the desulfurizer
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hydrocarbons in the washed extracted gas to nethanol, where the oxygen
containing gas is fed to the catalytic partial oxidation reactor 13 to
parti al | ywoxodvmersthe washed extracted gas upon cont act Pairfus2eth®2mat al yti c
partial oxidation catalyst at a tenperature above the auto-ignition
tenperature of the mixture of the washed extracted gas and the oxygen

cont ai a The . oxygen cont gas nay, be s co r|$| ng at

| east Qéq%}% ?%50 ﬁcgtglrytws%{a ﬂ’flfi%f%cr‘veb‘i}?fef/%&‘%gﬁ OE%%YE] %F‘?f&lngft? bast 99
vol . %%éé/e%@codﬂﬁuﬁlc%&f ®1th ek &H&Rﬂieﬁ%ﬁchaﬁ ?1@’6?/91%@3?0“t ai ning gas

conpri ses at least 90 vol. % oxygen to avoid including substantial amounts

of nitr ogen Amowgen ponimesg dae 1sgalsq promided wen éceddedtha prachss foxyge/nrtmnt ai ni ng

ndesi PateeaRen’ Bfpuimee i dRERudP A ERD ety ST SsuEaerBin Bl S8 S nea

ext 5 act®theGatl ytipabial @RI EONfeaLd} 1Y tcg]fﬁﬁ'tlﬂwmﬁé i Wdshb®adtacRQ 240lpdf OXygen
may be provided by separating oxygen fromair in a unit for separating

oxygen cPhigeh vaitl thg catphysicpaytial 8Xhﬁiﬁ901b@atéyﬁii@h%'mﬁ%ﬁ‘aﬂe ahpye deputoagndenuni t, or
a conveln };/erq?llre (yfé%ﬁé’ %Er?(tgrr cor T wassheg egtr&%{‘s) nes ']]5‘; gxlfyté ?ntg{lﬁlglgtg)s( ;’glé\lf]\hl ¢ h

oxygen from

cont ai r@up@ng@atamnﬁg egetlay BE aivl saagasresohipﬁsmgtaaleﬁﬂ% oR P b@geﬁ’)@rdﬁbdt&lﬂlaﬂi/ t he
washed extracted gas conprises at |east 99 vol.% oxygen, and is provided by
separ atPUFPLORGHEPMPHURS &filpast HY 40k Rr¥BE onal air separation unit. Energy

(et) to dri }{I?atp ]ﬁano §ocfu‘i’1Em$ﬁ;%%rxg§élﬂ&>oug h‘élg%ai Ed}‘gﬂ e£ at' 1B 96 vBf.@Vi ded Dby

expansi on o product ga as described in
f ur t heroxgginablavbidlinvudihg setrstamxipbard@mtHofi rﬂtrugﬁdntﬂm psmclm;see g heaipmessused of

the extracted gas, ener y (e~) produced xpansi on of the extracted gas
may al £8P YEEHCTERIBNE ﬂ@z%ﬁfrf)g%l @Sregy tag FHPTBRYGENIPF AP, Ni trogen

separ atpeghuke Qﬂalésﬁleé'N’O 'd&rﬂﬂ&%n@é in (REQANIHME PRtMNGdBioNRY 1Ry &84 EdrRRA
collected as liquid nitrogen in the air”separation unit 8. The |iquid

nitr og@as nﬁy ob;egamwdtaumng go copaprisogsat rast ¥t vcéz%sxyg@ntrm ‘%ﬂmgeudtd pyocess by

exchan heat w t st eamt be coo exc heat with
o Boe Sttt e ST SPatitiee SxEE e e irh ﬁ”ﬁeﬁm@@ 2Pe ot ai |

bel OW. cdhn@Xydan-sepith@bmime of dSomkR)tibigal Q%ﬂﬁhﬁ%ﬂé%ﬂlré Sving AbETHdEuM, bhi N a

range from1 MPa to 15 MPa, or from5 MPa to 15 MPa, or to 10 MPa. In an

enbodi famit in wlmesy@éma@mbausmaﬁ@}e@ﬁ§m air byomembemes Pisfaialy dwsumyaemi t hin 1
e o coBSRPRSYESBly A 05 ASHe Rt S Sl e PSRRI of (e
gas mayol@ripdsaN ledeich ool € payreh oahdak ptdmieﬂeiyrsapﬁhun:g odyeh figasait roug h an
20  conventional air separation unit.
Energy (€") to drive the unit 8 for separating oxygen from air may be provided by
expansion of a methanol product gas through an expander, as described in further detail
below. If an expander 6 is used to reduce the pressure of the extracted gas, energy (e")
produced by expansion of the extracted gas may also be used to drive the unit 8 to separate
25  oxygen from air.
Nitrogen separated from the air in the air separation unit 8 may be cooled and
collected as liquid nitrogen in the air separation unit 8. The liquid nitrogen may be used to
cool various gas streams in the present process by exchanging heat with the gas stream to be
cooled or by exchanging heat with a portion of the liquid methanol product, as described in
30  further detail below.

The oxygen-containing gas may be compressed to a pressure within a range from 1

MPa to 15 MPa, or from 5 MPa to 15 MPa, or to 10 MPa. In an embodiment, the oxygen-
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expander, as described in further detail below If an expander 6 is used to
reduce the pressure of the extracted gas, energy (e~) produced by the
expansi orwof20tosomszt r act ed gas may al so be used to conpPeTAISRI16/020094
oxygen-cont ai ni ng gas. The oxygen containing gas is heated to a tenperature
at or above the auto-ignition tenperature of the conbi ned washed extracted
gas and oxygen cqntainin as in the. cat tic partial oxjdation reactor 13
in t he SBRATECESAY C;ﬁnlpra§5f%¢3?aasasaﬁ? e Hb_ﬁ%%ﬁéﬁﬁwef% Qé_bmvas racted gas
may be el&?éﬁétéc%ds%ft‘éi‘hrﬂf é&)QnéidSh bh@ie ek g5 iP&Rdded. Rk Hed cbapetOthe 13- As
noted above with respect to the washed extracted gas, tThe auto-ignition

t enper akygam-ahtdiheg wasmey be ptavadsdéy ayasnsidnest thomeined pupdirt gas through an
oxygen- cont ai ni S, 1S t t.in rt, dependent on the activity of
ohe partranet d eerBi bl iiPane PR af B aiea it ity BF Petbidng. may
be 3 t eNBRIA&LHEER Ohs, @ﬁerF?@&i pré@@ed bRres @;gﬁﬁ&i?ﬂn at the@REhct&DR s mANEsd Be @
tenperature of 900C or less, or at nost 800C, or at nobst 700C, or at nost
600C, awedhio oppress dBOXygen-aentawie #O0C, and may be a tenperature of from
200C to goo%heoogc. entc%rﬁpa?ﬁig%égse's%g t];:é Forg %gl%grattﬁ)re 219 Qrcabo(\)ffr: hﬂcer (1)1{8—13 %?tl%nt o 600C.
The oxygen-contarfi ng gas y B Heated I One “Or “nore” heater £ 10 a

sel ect egmpanmey @tthd corabined washedexirh@edgdsamd @Ry dnaddnteiipg bad lurtke oftallfie

conbi ned washed extracted gas and ox%(gen-‘cont,ai ning gas in the presence of
a sel ePrEid! prdtion reastpight inghe Biseaicy of 2 PRl ordatim ¥t pefeerasheshy be
copgent.i - ' ' : trl he, and
oat oxe PR PR P Ala Rt B BEEah e bR G R R RIS R
oxygen abovit with rasgeq) as tharveashehdx tex el ang ehsautd-igatiorerhpdraten f theheashed

oxygen- cont aj ni n as be heated to a tenperature of. from 100C to 350C,
or fror‘?f“f@‘é‘%éi 3¢ éOPﬁ?‘{Fde o0 RERENCQRELegas 1% at EP&IEP?JB’I PERAcak¥hangi ng

heat Wigdh@vROLE ih‘é?)aﬂfal bRRael dalh QM QARG oQRH RIFHNE3, GRAE JaytdeG Parti al
oxi dation reactor 13. Subsequently, the oxygen-containing gas nay be heated

to a teapparaier d afeabtr20PCOGEerabl A st 3006, and B50Empera®®d & 9@ Cfarders300C
to 600C in one or nore second heat exchangers 17, preferably by exchangi ng

hed? wiof Bt BOPSPTorPr 3 mope/ 9xE Rttt s10spp U or a2ost PGt REAUBIAHYICe parti al

oxi dat i eact ar 560Nt Ajopi ' ' i t hed
oxt r act B eplanlE R R0 BSREC B Rl o RRar 2 E A ol 2

t he hydgaesas bmpe thBoddre washed extracted gas upon catal yst-induced reaction
of the m xture. Therefore, the oxygen-containing gas is m xed wththe
washed ext r dittodygrascintaiving gapmay bs bedied maanetdienare heatens & & ecledftebxygen from

L RN TR LT L R
m ged whil Bxyda-dvashads exdihakd pdsdhas of A saectédParil oxidation catalyst. The one or
more heaters may be conventional heaters for heating a gas, including electrical heaters and
heat exchangers. In a preferred embodiment, the heaters for heating the oxygen containing
gas are heat exchangers. In an embodiment, the oxygen-containing gas may be heated to a
temperature of from 100°C to 350°C, or from 150°C to 300°C in a first heat exchanger 11,

25  preferably by exchanging heat with a portion of the oxidation product gas from the catalytic
partial oxidation reactor 13. Subsequently, the oxygen-containing gas may be heated to a
temperature of from 200°C to 900°C, or from 250°C to 700°C, or from 300°C to 600°C in one
or more second heat exchangers 17, preferably by exchanging heat with a portion of the
oxidation product gas from the catalytic partial oxidation reactor 13.

30 The oxygen-containing gas is mixed with the washed extracted gas in an amount

effective to partially, but not fully, oxidize the hydrocarbons in the washed extracted gas upon

catalyst-induced reaction of the mixture. Therefore, the oxygen-containing gas is mixed with
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such that the nolar ratio of oxygen fromthe oxygen containing gas to

carbon fromthe hydrocarbons in the washed extracted gas is at |least 0.4 or
at | east WORp100080m2 | east 0.6, or at |east 0.65, and isPat/uses/o20099, or at
nost 0.95, or at nost 0.90, or at nost 0.85. As shown in Fig. 1, air may be
provi ded as an i nput streamthrough line 39. The air nmay be provided as the

oxygen containin as through line 41, or the air y be fed to a unit 8
for sepr¥es a%%%edﬁgaﬁrlwgmpu@rsu?%ﬁiag%?i%ﬂ?rﬁgﬂf ﬁggﬁasgﬁgéwnb@ﬁpém%f_ air,
as deschhfth APRVE carbbe oYX YA Ry&ORLBbIN T9hdRasheBickPiltefbds is RXYHRRA ofAN | ched
air, or substantially oxygen, may be fed to the first heat exchanger

t hr ouglPréfenblyd Bie okakerecdBainayg gae isusedd mothabavadiedteligacted gastihan atfoenoxygen
cont ai ni is.introduced into the process, .in rticular, to naintain
the. morirdE e e dRB e et Retuky GebedeRnait gt gas B8 SHmBR 1rom ¢ he
hy ds oc afb@RgbbAs fnftRe FAiHACKRECtERSastO af 188% 0UUNAht RS 0. Y weRadt 0.ARE A9 May be
used to direct the flow of the alr input streamto the oxggen separati on

uni t 8 lepst &pdnd it HenemUO980r armeosRPJerr at o1kl Ay agESHAyO-be heated in the
first heat KA H Fll 1.1b%/ir %écggn%vqged%%%h ir\{\ﬁl}tgtréa%th?)o( I qlaltirie% pfh%da'iert gas
’rial oxt dat t oXxyg 1

fromthe cataﬁylc pa 1on 0 e en contai ning gas and the

washed nextieagbiiaed gade oAEEn@Yitabling egsuriukl libe 41 g th@aio ARy Gk fediot gcond
heat exchangers 17 through line 51 for further heating by exchange of heat
with t BdobsaPamting Axpeadiin a9 forenpeliag theygeis ot of awpisrdepesdof t he

oxygen ;6o a]!' | ({){%é@fﬁéonrtﬂnﬁg gﬁ%ﬁh&t zle, %xzéen%@ri? éavﬁr, toE guc]j%'tﬁtnﬁélili)g?}i -eﬁ,n

tenperature o oxygen-c£dnt'ai ni ng gas” a e was extr gas in
t he pr esgriededto the Sedtdebtedcharger tiroughilthatddory atwat 48 yisy be Tive toxygesi the

cont ai ni n%@ga}%‘ ma}y then be fed. fro th&.on or nore second heat.exchangers
17 to tHe WA YRE" pANYTEE gawda&r?%we HEREBTPrI% ST o PRECRIYL? BRI Bduced
react i b1 hilo bPEx YRR e the XY EALIRiI SRS chNMoQUEdN! L tRGydRcafBRMs REHMAT Xed
with the heated wdshed extracted gas exiting the one or nore second heat

exchangstractdd’gasrtp dass thanfosedValyes Hé and 49 may beaiseche diwctathy fiow gfahe ial
oxidati.on reactor 13 for reaction.. tiona . though |l ess preferably, the
ox;}gen-1 S SFR ﬁogthﬁ%y%er’ilcfeﬁ{%tl%%rﬁ'é@%%}}l%i{hédmﬁ s may be mxed prior to
heating and mxbxpgenmmqng ogehhebe h@d’tedﬁ%%h@ﬁrs’ﬁhé‘ﬁ@x@fah%ﬁ Tyt dx@hdngideat i ng
each gas separat egf/" e.g. In the first heat exchanger 11, but prior to

f ur t hehepfawith thg oxidagon prpdpefeeas fionvihe gatalytis daiad ondationexchanyxaes 17- where
the m 1.s_ul t i oat tj i al pdati actor 13
for coniafilgedtsht T Fuofed EitrdsBoh a8 38 el Sk Src B B L LB G e

m Xt ur 8edond dBateixbichgeBT7, th&ugR inedy fhicfuitherddatind by éXvBatey@eBato0itt teni Ng gas
and the washed extracted gas prior to or during reaction of the oxygen
corbai PXigtigagrodtet gapnd Nelehiodisk thedemperatg of thp @X¥IcaLRNINRINE&IN& 3t 0 i nhi bi t

the f Orté’[ﬁ}r)é.rgtﬂreoztt of %31%%9%98%&1&0& {En{ﬂ%?atﬁ%to”fllt%t (;x%/gen—containing gas and the

washed extracted gas in the presence of a selected partial oxidation catalyst. The oxygen
containing gas may then be fed from the one or more second heat exchangers 17 to the
catalytic partial oxidation reactor 13 for catalytically-induced reaction with the washed

25  extracted gas through line 53, or may be mixed with the heated washed extracted gas exiting
the one or more second heat exchangers 17 prior to feeding the mixture to the catalytic partial
oxidation reactor 13 for reaction. Optionally, though less preferably, the oxygen-containing
gas and the washed extracted gas may be mixed prior to heating and may be heated together,
or may be mixed after initially heating each gas separately, e.g. in the first heat exchanger 11,

30  but prior to further heating, e.g. in the one or more second heat exchangers 17-where the
mixture is ultimately fed to the catalytic partial oxidation reactor 13 for contact with a partial

oxidation catalyst to induce reaction of the mixture.
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partial oxidation reactor 13 and/or on the partial oxidation catalyst. In
an enbodi nent, steam may m xed with the oxygen containing gas and the
washed exwoaeotidorfas prior to or during partial oxidati @eeTriSacwiow9of the
oxygen contai ning gas and the washed extracted gas to autothermally reform
the steam and a portion of nmethane in the extracted gas according to the
fol | owi ng rgactio : 2CHA + O + OSI% + Cg When steamis added for the
purpose of aLEBEMBPEEICN] steaMHFARY Bhmitedevith L5 orKERN WaBe 82t Bd%thAe ni xture

of the yRshed@xl 36! 58orA8%r 8RGnd REENEER SAPeR LR slafld 8 @4mEpt such
that the steamis present in the mxture in an anount of up to 13 wt. % of

t he m xkurased Y¥ve Thstseam may servd iozehbiibitahne fonmaper gomeocnfdeaosiotih @renmtalytic
reformation, the anmount. of steam m xed w.th. the hed extracted gas and
e ox B Bty oL B BT PR S ishi s E ol ar rat o of Jaream to
car Bon 1h bR EmBYdinREakRAMSAImiRE mm@@xgzg@nr@rﬁtaﬁqn%g@s dnd2R¥ Gadlell of greater

than O and less than 0.4. 1f utilized, steam ma%/ e conpressed to a

pr essurcatrggtechgas paior dmejeduring pantiviPaxidatiasrengion Afithe exiges cppaining 25 apMbeie or to
10 MPa._ | n di ment he st 1S C r ed to a-pressure.within 1MPa
or t o el BURR R NnerhlfBV PO " ERPEPoL o S BEBRRNIEE:

ext r actegagédbgdsicedrimgtie the fonewg re&tiont QCERAPOES $1,0ne F,ea@OMayh&e

provi ded by expansi on of the_nethanol product g}gs t hrough an expander, as
descr i &aMi i agddgdifRethe putnose obytothermal refaradtipanthestegm May Beadded ty uce t he
pregsur o =) : ' of the
e o e e B o B e e Bl e B
f ed t o se@am ioprevantén featierge ar athaadure € hpng Ed st.toofhthamittoe:. SWaenrsteam s

tenperature of fromat | east 20QC . preferably at |east 300C, and to a
t enper &f! F@@ft@d@@%fi of gygthegpa ?fog%%tﬂo“s maynt gt SRR POt at nost

600C, QyasRld dEte@ 3@Candthe %&\é%@ﬂ%nfﬁgﬁgg YWEEQeditieiol ROPAE 2tk 5 ARY oPe a
tenperature of from 200C to 0C, or a %enperature of from 250C to 700C, or

f r om 368@ntto ca®OCfromhydrpeasb@rsrie theerdrbad esractedvgas €l @Cust efegreaterythive0f ed to
thgsfi rsé hef}‘?‘|1 g)x hanger 11 through line 55. Water or steam may be fed into
pr SRR LS fhap l'fgh an inlet line 57 operatively coupled to |ine 55, or may

be fed fromigudiibet Gtdt@amagreRamgRisdd%o aPRés@RaVithin Hsthe Rt QOIPL €15
oxi dation product gas or its water-gas shifted product as described bel ow,
t hr ougMP4, 96 frem ML@HO rayMBe %ﬁﬂal%ﬁhﬂelly ag efhedimegt. tlee $t¢ame isSHMpTefsediit er or
st eam - ' fl OE 11
o 2 T 05, LY MPRIPHNERIRRL PR EPLLAR 8 ALl DS plne
cat al ytek@aqed gdsdb effedtetht Eing ole )it eomppgetheG@amaniy bgp@aiicam ckpasxtdract ed
gas. The heated steammay be fed fromthe first heat exchanger 11 to the
onélor the methanol product gas through an expander, as described in further detail below. If an

expander 6 is used to reduce the pressure of the extracted gas, energy (e’) produced by the

expansion of the extracted gas may also be used to compress the steam.

Water or steam may be fed to one or more heaters or heat exchangers to heat the steam
to a temperature of from at least 200°C, preferably at least 300°C, and to a temperature of
25  900°C or less, or at most 800°C, or at most 700°C, or at most 600°C, or at most 500°C, or at

most 400°C, where the temperature may be a temperature of from 200°C to 900°C, or a

temperature of from 250°C to 700°C, or from 300°C to 600°C.
In a preferred embodiment, water or steam may be fed to the first heat exchanger 11
through line 55. Water or steam may be fed into the process through an inlet line 57
30  operatively coupled to line 55, or may be fed from a third heat exchanger 59, optionally used
to cool the oxidation product gas or its water-gas shifted product as described below, through

line 61 which may be operatively connected to line 55. The water or steam may be heated to
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nore second heat exchangers 17 through Iine 63 for further heating, or
optionally may be fed directly into the catalytic partial oxidation reactor
13 for mwoOrgioisots2t he oxygen cont ai ni ng gas and the waghedSexoawved gas
during reaction, or may be m xed with either or both the oxygen containi ng
gas and/or the washed extracted gas prior to feeding the mxture to the

catal ytic tia oxida nreacto ction este misfedto
Che. on@TSHOREFAS %E*B%P rstés?etreﬁéewge gl%af g ?fé}ﬂ%gg %OXI Nst eam
may be P&%E?Qasfﬁ%ddé@di by %éé&@alﬁﬂﬁpa@ﬁal %Q{cﬁu%ﬁ’%f)@l@ oka§gén @ﬁmﬁﬂg §£ssad?l%he

exchangl ng heat wth a portion of the oxidation product gas. "The resulting
st eam rBiyadsed gasd Tihe heated yteam ma‘ydaecfad oyt the fpstrhentadxcharigdal 1l trthe eacoior 13

fromthe one or,nore secon exch ers 17 rou h |ine,65, or .the

L oam WEye Rt LB Gr T eer dAdrouet Bt RS Rty SRt araaey By Pt or « ne
washed dgxttpmtethe @aQ1yRICipaftial Oxile@sH REctbNES i Ktiking wWith thB %x?g’ttnaio}iiahﬁngar tial
oxi dation reactor 13 for reaction. The heated oxygen containing gas and the

heat ed gaaaitbie Mh@cﬁxﬁécﬁégas durlngd@a%lroewrdnw 1}‘3 misedayithheitheper btk éf upon
I ntr OdUCt I %Onv%mné %]gs gn?;o%:ts %Sh%a {I' te(PXaISd 10r ?O fee?ﬁétﬂ?ermlx"t%ur{:a? m xtur e,

c
regardl 08Ls €n reac an exo rmc ca

par ti alca@kitidghitnoxidagd leactbpls)fdadmaomnmm stednh feprOthd e gaﬁq,oreopt [ onal ly
in the presence of steam in the catal thc partial oxidation reactor 13.

The ox iSeH dRatselaneersdd o Bthar hratipgd %tsemrw %%@étfgrthqré@ﬁheweroéacu on
Xygﬁd}e %&ohﬁﬁa%ﬁg%’aé% I@g%'xgﬁ in %a% gﬁ%ﬁ%f%%ldﬂi%@?ﬂ?&ﬂcﬁ

ane Int cte e carb OXI pres in
t he wa dhe desekingastdaadmga e fu ditectlg tcsﬂlbshat;mcqiamal uxide@gat teuetobld frbmtthe ds t he

oxi dation reaction sufficientl tai the te rature. of t

oxi dat i°9h %F’B&‘iﬁefo‘g‘g]%eaé{ixcé‘é@@r%ﬁ ﬁlé%‘égh %Srstefl aY‘af‘rm*i’iféCV | ess, or
bel ow QAL or Hot tﬂélﬁﬂ%’én'd&nhﬂﬁnggé/s%ﬁ/o?%\%é%@gx@a%‘ée%}g pibetRENAP fhel N the
washed extraction gas react as lows: CH4 + + 2H2 where the

react i @mxpm)m;b@ cattelypc pantial ¢§Adaloslymdn@si3sfogmcemrprl Si ng hydr ogen and
carbon nonoxi ere hydrogen is in a ratio relative to
calBon monodrageahek GenianRHih Sk ErEl srER st A hyarogen,
car bon prgneusiyfixedNflag BE REKedlipdXiifodStibl MtdTBleRatBRtPaltike Bk RlatiGbactor

opti onaII contains steamif steam was added to the m xture of the washed

ext r actldd @aémawae tfmrfﬂﬁ%ﬁg?é Ached Mizechilnhigey sactPi én aix pxriherovc eaalyti patipls
mai nt ai Qf%ﬂ 84 re%c lp?%{?cr %[1%&%aﬁgﬁg{oéip%é,hogmgéﬁ B‘tﬁé‘P Q@Eggﬁtgﬂﬁ,rﬁx' ting

t he cat [e) 4 ion rea | ess,

or at ITﬂﬁlSctatﬁ@ﬂCparﬁiil A&lid 08 reat@DT3. The bidanooPduct Baecoriipe thatredcgionf t he
oxi_dation reactl on is maintained at a tenperature of 900C or |ess, or at
mosdt geodusts fEam fhsgeacrigpef oxygen in the oxygen containing gas and hydrocarbons,

particularly methane, in the washed extracted gas, plus the carbon dioxide present in the

washed extracted gas-which is substantially unreactive but retards the oxidation reaction

sufficiently to maintain the temperature of the oxidation product gas at 900°C or less, or

800°C or less, or 700°C or less, or below 600°C. The oxygen in the oxygen containing gas
25  and the methane in the washed extraction gas react as follows:

CH; + 120, — CO + 2H,

where the reaction product is primarily a synthesis gas comprising hydrogen and carbon

monoxide, where hydrogen is present in a 2:1 molar ratio relative to carbon monoxide. The

oxidation product gas, therefore, contains hydrogen, carbon monoxide, and carbon dioxide as
30  its main constituents, and optionally contains steam if steam was added to the mixture of the

washed extracted gas and the oxygen-containing gas.
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or bel ow 600C by 1) controlling the tenperature of the washed extracted gas
and/ or oxygen containing gas feeds to be m xed and reacted, where the feed
t enper at we=0wiosvtse washed extracted gas and/ or oxygen @®CHWUs2010/0200gA4S nay
be lowered to reduce the tenperature of the oxidation product gas; and/or
2) controlling the tenperature of any steam added to the reaction m xture

to regul ate _the reaction. tenperature, ere the feed tenperature of steam
added to théﬂ?@é@@fl%rw&?w@%@msg a %@Hlpt:@t‘%%a%‘et%ﬁtﬁgef) &t ure of

the oxi icp sré&ﬁglléQLe gﬁﬁ'yti@f?gjti roﬁaatﬁqué'a?t(;rms %gﬁgﬂ@&cﬁfe Jf%bg%gf leggfygen in

t he oxfgen contal nifng gas"to carbon 1 n hydrocar In the washed extracted

gas, Woeaembir800AT,i @ a0fnoexXHBe0, biibelJve 600 Erheaempairgf asxidaticdr bon in
hydrocarbons in the extracted gas may | owered to reduce the tenperature of
t he oxirelgtipors privthined agasempanetnerof AP0Hdpuless, wyat hestBRPT(Qondt mese 70@€d rat e

f th i.0i th h t ted t th
arotint oGpeaRygEeCea) spir i e wlbeieoh b P hedee st e g
pr esenteoh@inif}eeds§aGkii9 Be Alekd HMERYed, %el%aﬁ@féebeerﬁly&mfés of afdpaneld oxi de

concentration present in the reaction to reduce the tenperature of the
oxi dat iestraqiedbghscindipaoxy Sneopartingasoriyded lowerattotreduch yldr tomaeistms opthesent i n

the washed, .extracted gas, is.effected by m xing the shed extracted gas and
the oxyoGriEh RigRH s PR 2t B TO b OE ¢ REBRIEI 4 E he Pt ure
of washe@tiex hiidetcd rgagata itk @XM DANeH PEh@id) WHercRs fouditéimpera@tabivddagn parti al

oxi dation catal yst, ere the m xture has a tenperature of from 200C up to

900C. Pedsdtpdhy ipagtm Bityr yaydedayveicd(to mduerathe demeiataigftthe exidptm v
i’ t Lol i darion i Y ot
o was il LS, AP LuRla R RBNal oFLLE Sy SO iR kRO 2 T Ve

cat al ystrbohet Bydrbearbonstinitie: idsbed et terpel gk Uwikere thef ratoro280/Genl fn the o&OLL  As
di scussed above, the washed extracted gas and the oxygen contai ni ng gas,

and optCPBRHNINE/ 3SR GHPOMHY N EOGHBAEA IHICSK Iregeh &gy @gvef%i toreducathy ytic
par ti ale gxigdatd Gnt 6885Hn ﬂrgﬁléd%‘lggse,!éﬁ%{' %();A&Sfustitng]‘?hé’ﬁﬁg%F]th%)ﬁ‘é@%fee& g@as and

t he oxygen contai ni ng gas, pti ona tea may be initially mxed in
t hé5 catoalygedn conpamihg ghs toxhewhihed exeanedgast8 dpereoe thooammonit @€ bxyggnt he

catal yst. The partial oxjdation of the hydrocarbpns present.in the washed
oxct r acCRMIFHE FtyeBEV it ME i SR TACLPEVAF SAt BBSEAFEOT 1K BHCRYbodi ment

the presgedse dfl oveIIChhdiediBRids bb R e R RRNR ke RXIn(RE LR GRS radfe e

oxygen-contai ning gas, and optionally steam nmay be reacted may range from
1.5 MPdemperatsredghe oxiditiampredwdPgas.o 15 MPa, or at 10 MPa. The pressure of

e, X B RS AT B RSP S omponen
gages, efaited biaixide thOwhshel kR@acd&d gas and the oxygen containing gas, and optionally
steam, and contacting the mixture of washed extracted gas and oxygen containing gas with a
catalytic partial oxidation catalyst, where the mixture has a temperature of from 200°C up to
900°C. Preferably the catalytic partial oxidation catalyst is highly reactive, and the partial
oxidation is effected by contacting the mixture of washed extracted gas and oxygen containing
25  gas with the highly reactive catalyst where the mixture has a temperature of from 200°C up to
600°C. As discussed above, the washed extracted gas and the oxygen containing gas, and
optionally steam, may be mixed prior to being fed to the catalytic partial oxidation reactor 13.
Alternatively, the washed extracted gas and the oxygen containing gas, and optionally steam,
may be initially mixed in the catalytic partial oxidation reactor 13 prior to contacting the
30  catalyst.
The partial oxidation of the hydrocarbons present in the washed extracted gas may be

conducted at an elevated pressure. In an embodiment, the pressure at which the mixture of
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descri bed above. The catalyst utilized to effect the partial oxidation of
the m xture of hydrocarbons in the extracted gas and oxygen in the oxygen
cont ai ni \yogan/asusk have sufficient catalytic activity troTafSb@on2mgd dati on
(partial) of hydrocarbons, particularly nethane, in the mxture at a
tenperature of from 200C up to 900C, or at a tenperature of from 250C to
700C, or ﬁlt ate erat%{tﬁl of from 300C to 600C. . "Syfficient gatal tlc
activi tW® da?‘“i’ﬁ‘%@ £ 21 P8 SPRE- G081 HBE B3 FRGPPIRURLIEHN- BaY aF

defi neqln g@ﬁr&hﬂti IPAGH 1Y NI, DY FbhCs 81t b Q5 PL L aPRT iPal T‘Héb%@&dr@” of at
| east 85 nol % of hydrocarbons I'n the washed extracted gas at a gas hourly
space \oélt@cmtxyurobf a/aslieé&stracz@d @ﬁothﬁm&@mcqmmmggﬁe@néspnmaﬂﬂulstdarrt ers of

gas per |Io m of cat al wher |n nor ers

7% ef < i PRa R prEruishe foly A om R e N oy b SRR | seq i n
t hespr @@ﬁﬁ)e@ﬁbéd&e present invention to effect the partial oxidation
reaction of the m xture of the washed extracted gas and the oxygen

cont ai ni ng d&s Cmizvsmtﬂszeéwvfémt therpgirtigd exidatipn ekihg anixore @fdnéilf%ﬂ@quiiém ng
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hydrocar ons, era e of from

700C t@cQﬁQGo ePﬂettedm@dtiomewlala6dhytﬁb@rmrgt parabllysly hia&laﬁ@,tlﬂltheslhlxwre htzed in
the process of the present invention to effect the partial oxidation
r eact i dempsratureeofifiom dP@ Conp tH0Raste aé@é@m@tﬂléﬁ‘dofgfa@m anefG 1@e70@x<}g@rat a

t {1 t t h
cuP o remerddie e SR A0, SRERH R iy s SRy fesptid'd
hydr ocalﬁé;%ﬁﬁﬂ o&i’dahbﬁ Uiitﬁ%/lstyls B ANK; cht@l;lnh%cmﬁsl HiTBcight 18 etrecmparal ure of from
200C to 700C, or from 300C ugfyto 600C. "Use of hi ghly reactive parti al

oxi dat ioesidatiam af gztsl,@aSh&@nwa/ eofihdiocahonsciatthg vﬁh@damrwﬁ! gastap a g ]@Q‘Hﬂ}’part i al
oxi dat | Oz?ce(%ffeloc}lc ?Ctglr bg361066 Nt Zlfr@ﬁ Efg‘ct&lrjé’s(saésc% OsanZr(Plolciltgrrs olf 1%%%5 P_lercf(llo%ra

tenperaPures up S pr e process o

i nvent icafalyb) p&ihdGE whReif AbRI 1iHrOXfels (Pl R&AINdel STP Bendigstiete. Xt aﬁdl ¢d gas
may be used to control the tenperature of the exothermc part| al oxidation

reddti efmyo terrperatures of 700C or less or up to 600C, and 2) to reduce

t her mal enerﬁé tgystu gz%t Lve t ooc%at %ét G nrt\llea}10 egg& n e;tfal cted at
hi gher tenpe il il H)Ir PRACHT DESPR YA d5 ﬁpélf | ysts may
conpri smdaﬂen Jactidd & tﬁahakmi:d d;fahé waﬁféalex@aaat gdsang eheestygen tommingezagr oup
consistin rhodi u iridium_ ruthenium andplatinum_ H ghly reactive

parti almay ec?a%qn@ﬁnt aydaloxidanpn calygt havsi Cdﬁﬁ/%‘ial}itlﬁlaﬁilmﬁ teredfect
preferr ?fhatl&tﬂ a?t@c{lﬂ)ﬁ/ﬁydge h%ng‘ a%ﬁé %/ Iﬁétﬁal%f 1ngh41fng)mn)é %e‘fﬁuféa({ft' al

OX|dat|on cat Inti’ ssocl ated as an adm xture when two or
noRe offrdnh2007EL BI990BT.e ARE@aERly, addini@e padfahyist theearBshutiteledlin Rypredekect t he

catal ytic performance or stability of one or nore other
of the present invention to effect the partial oxidation reaction of the mixture of the washed
extracted gas and the oxygen containing gas is a highly reactive partial oxidation catalyst
having sufficient catalytic activity to effect oxidation (partial) of hydrocarbons, particularly
methane, in the mixture at a temperature of from 200°C to 700°C, or from 300°C up to 600°C.
25  Use of a highly reactive partial oxidation catalyst having sufficient catalytic activity to effect
partial oxidation of hydrocarbons at temperatures of 700°C or less, or at temperatures up to
600°C, is preferred in the process of the present invention 1) since the carbon dioxide present
in the washed extracted gas may be used to control the temperature of the exothermic partial
oxidation reaction to temperatures of 700°C or less or up to 600°C, and 2) to reduce thermal
30  energy loss relative to catalytic partial oxidation effected at higher temperatures.
Such highly reactive partial oxidation catalysts may comprise one or more catalytically

active metals selected from the group consisting of rthodium, iridium, ruthenium, and
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metals present in the catalyst. As used herein, the catalytically active
netals of the catalyst are "intimately associ ated as an adm xture" when at

| east 50%voanicaBoiseast 90% of each catal ytically activePo@Ettaskoiod2@pesent as
part of the catalyst within a distance of 10 nm or within a distance of 5
mm of at |east one of the other catalytically active netals. The adm xture

of catal yti calrﬁ.y active met.aLs .gay be an al | oy. of h%et | s-where the
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par 5i almedxs grskéMiin fRGH1RE Ab utddenerdix!tHE Eatoliytit N BsShaRLexsfBEtadygas and
t he oxygen containing gas may conprise rhodiumand iridiumin the form of

wi res are gatimeslyofsseeiaterben amadmikiugsuvheal at dspst Sife ayneleast K9k ef eaghal ytical Iy
acti ve Jgf ks Oled IS PAT bAled L 01 LORe CALALYG I TR REGURRAN LD, Qe
catal ys arrier material. ul ta ecaaygt carrier naterials’are known in

t he ar ta diqishde€byae ofat Rhs oandf thefotiae taklytioxlldfsive utalasTld ddmeidturabfim na,
titania, zirconia, and m xtures thereof. High-alloy alum na containing

st eel , caigbicaldy rdice Mataymay beywpallnn pbihe anedalgravhers thgpreseprstod|ag aley cathe
cataly ' i ha = r i , ' : i ncl udi ng
at I?eaZ{e d%%h\?}&nfégi/obX ﬁ%@ﬁgﬁ Og\]?zﬁglreea é?%;égglﬁlé]fer cjtégrﬁy 118)%{1 gfél%krjrégﬁael&lly’gl s for the
cat al ydightwareactive. paBid loxitdarion natalykatbstdnayelea aet on thepxoctesofithy ifventsdrabi | | zed
or partially stabilized by one.or nore. oxides. of My,.Ca, A, Y, La, or Ce.
Part | caiierSangtioy a6 fiodiup ppdiHidin &9 oy %a&?wéczﬁh% oAk calvs Peiighened

al um nakifNGn ¥aBR%h §PBE Hidbldorth@Rhited @Qtrdd £ N Al thdOy3e & OHAER oAk Y

avai l abl e. Structured ceram c supports having a honeycofb-|1 ke structure

may al doabembsdicheas thenatadptt ddryeftectng thegartial heidatien actimorad thamadtyteiof did y

actLve netals of the ial oxidation catalyst may be .deposi.ted an the
Al y Vb Srodpete Lt By R B R B S P T P T i T e
enbodi 7B of Wiies &NREs dFarnBodiamakiiunealidy active netals of the partial
oxi dation catal yst may be deposited on the catalyst carrier material by

i npr egnat i orfhe Phe og@yore eataljiggallyaciiviomelighiant dlep pirtifl cxiriation catalyst may be i ons of
the on re.c | y1.1 ti t .carri .

| pr conaiAE o ARt SR e R el Blafyss LB HASHER A Boun B e 10
f or m t he apatialyde metaRdAnl heractapokidsaklch,as tshiea diin@thacadaAday Sitcofffy afe

calcined. If the catal yst conprises npore than one catalytically active
medl , nipBuestheiegt | Bighialloyalunyipa genting wippl. achess(HAELON oh@e suiteitalon f or

| TP QAL LR e BT L carise BRI 0PN thG CAIES oY, PRaliFRIPIN! o0
including at least 70 wt.% zirconia, are preferred refractory oxide materials for the catalyst
carrier. Such zirconia-based refractory oxides may be stabilized or partially stabilized by one
or more oxides of Mg, Ca, Al, Y, La, or Ce. Particularly suitable carrier materials are Ce-

25  ZTA (zirconia-toughened alumina) and Y-PSZ (partially stabilized zirconia), both
commercially available. Structured ceramic supports having a honeycomb-like structure may
also be used as the catalyst carrier.

The one or more catalytically active metals of the partial oxidation catalyst may be
deposited on the catalyst carrier material by techniques known in the art. In one embodiment,

30  the one or more catalytically active metals of the partial oxidation catalyst may be deposited

on the catalyst carrier material by impregnation. The carrier may be impregnated with one or

more solutions of the one or more catalytically active metals, then the carrier impregnated
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solutions of each catalytically active netal sequentially. In another

enbodi nent, the one or nore catalytically active netals nmay be deposited on
t he cat alwyetowasniser by wash coating. The partial oxi daPConSeavmakopss
conprises one or nore catalytically active netals in any suitable anount to
achi eve the required catal ytic activity to enable the reaction of the

m xture .qQf the oxygen nt aj,.ni ng gas and the shdextra at a
terrpereYYlg‘rt@e §6ve B9 ytlcalyaf@m?talém begtie, the 68 yswg%t “Host
600C, %‘pu@ﬁall@oﬁk 4789 €ataBst Rhy HP@&IClﬂQ@GEf tﬁé’ca@ﬂyﬁ@gﬁgh@%orett% ARrtial

oxi dation catal yst corrprlses fromO0.02 wt.%to 10 wt.% or fromO0.1 w.%to
7.5 w calypicalihactionenapal, ﬁmpetabmcal}ymtwalmeyalamy\be combailed in pne sntutemifodi ment ,
the partial oxi dqa]tl on catal f r ri ses rhﬂjr‘?ml .um and iri.di um afe

cat al yt RSN ?vaé“%toélo aéye AT SR HRECERiCH I €8BI se from

0. 08 Wisofthibfs dfQah cdoiQticdiRaché¢ feill s@pteflddlly0th srvieh ¥abodianéht, tth€one or
rhodiumto-iridiumweight ratio may be in the range of from0.1 to 10, or

f r om 0.npore gatglytigpllyf acgifve mekls mayp be gpposied am {hej C@éillysyca’élﬁli Rrewpgtepagngf t he
partial oxidati ci at one nic
et al cati Oﬁgl p%ﬁm?%‘;ﬁﬁaﬁ'on caﬁést%gmsﬁgenioggoF ﬁmlre(t, z%l?/tlcally ac{mebl%e{ge DE0YH from
Col umsuiZabl8améunt 1S actasa tﬁére@hubdﬂéatﬂ@ﬁ& acivity tabhsblamd rédwoh aniheanixees, for
exanple, A, My, Zr, Ti, La, H, Si, and Ba, where Zr is preferred. The one
or nor @ f theorgas @Orﬁ@mag enaidbhs w@edﬁtﬁaﬁ&ed gAY &l aytelail@gr@mr%lg@lfﬁ o lggs, or

xture one o at al act i tal s of arti al
oxitliat (bRoRCATr G ot st B RS SRS DG RE ot P sy Skt Pod abit BRS 5
nmay be ehibo8es th@parfihl &mmﬂontcgtaﬂyspeo&;snsas Bomas 0B wh. 7Rt tohet.aUbE 6@ of the
catal yst. The partial oxidation catalyst used in the process of the present

i nvent ivgie tmy-Styet- P rofahy ommrnmr@@é@éytmléy pgiveanatilst Uy an gnbedimeniatived

extracte nd th xygen co |n|n and nal.l a
cont act"® ’? Ké Odegtlon Catﬁ¥sg écga a e>§tr| y aclfci’ |131’e]r1 e 9 ?ﬁlcaa%%ctg%tr?eéaﬁlalr‘%here

associ alﬁeeﬂhoaimm &de ifaren tarapigattdn (mzaizt %ab i10Re.% 8Pthe fpaﬂlaaoﬁaaﬁdradamystdat ion
reactlon of the m xture may be effected. For exanple, the partial oxidation
catlal y&nd theyh B@umntotlﬁél%Wﬁing ragoFRRRESIn RMENES A omtd: Litar Lk er HgeH) 3% a
honeycgnprﬁgmq)g%aim a fixed bed of catalyst particles, an arrangenent of
metal wWire or gauze, or conbinations thereof.Catalysts effective for use as
t he partl al Thxicdatytionll L adtak ysdtal nf ﬂlh@apraboﬁdstlcﬂfcatd]ﬁtma@%mtssqcrmc&mmh)n are
avail able commercially, for exa fromCRl Cataly i Conpany, 16825

Nor t hc RS &* WFQ/@OY@B&HP‘EN catiglits hF?‘E‘G(?r TYSANOR AT mﬁté SAUPHP MY Pt i al

oxi dat isoRc@d fbRfCHXiyPes of, 18NGdasiiert PEIdRCTA: 9P ”&tﬁiﬁ?de@xﬁége“
contai ning gas, and optionally steam the oxidation product gas is renoved

f r @t t ksaroplealyiNlg 4rakt iLal HOXi datliBon whemchras pieBerretls Thietond oabwveinotgagic
oxi dat In?er‘gale:réggryscr'{la)gge 1nt1n¥1tely ¥SSo8iated in an admixture with the one or more catalytically
active metals of the partial oxidation catalyst, where the cation to catalytically active metal
ratio may be in excess of or equal to 1.0, or 2.0, or 3.0 at the surface of the catalyst.
The partial oxidation catalyst used in the process of the present invention may be in
25 any form accessible for a mixture of the washed extracted gas and the oxygen containing gas,
and optionally steam, to contact the one or more catalytically active metals, and optionally the
associated one or more inorganic metal cations, so that a partial oxidation reaction of the
mixture may be effected. For example, the partial oxidation catalyst may be in the form of a

porous monolithic structure such as a honeycomb or a foam, a fixed bed of catalyst particles,

30  an arrangement of metal wire or gauze, or combinations thereof.
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tenperature of up to 900C, and is conprised of hydrogen, carbon nonoxi de,
and carbon di oxide, and optionally steam The oxidation product gas is used
as a feedsbDaolo/d8ors2a net hanol ati on reaction to produce merhsa@io/0200be

oxi dation product gas may be conditioned prior to being utilized as a
feedst ock for produci ng nethanol. The oxidation product gas may be

condi ti oned one gr nore optiognal steps, .incluyding 1) cooli t he

oxi dati on plOURYS GESHva Ry v a%ﬁlﬁé)emaﬁaxgam@fﬁwﬁ%mceﬁ% ? BFPSETYi ng

the oxiigahiign . RIQ4iHe EATmBR i fﬁﬁ@%rﬁﬁl@, - OmICTEN @aﬁ§1‘§sttd*lﬁnﬁb)ﬁ9r e content
of the oxidation product gas. %he oxi dat1on product “gas may be cool ed in

one or Nwthehastdpsvet Homdpuskexah€/G8ng8Aat ure of the oxi dation product gas to
a tenperaturge suitable for cqnverti t he oxidatign . produc as ,to

et hanol - artiie SpeRGsaprl TR e e ol anka B Gt s B3R UG

wat 8r - @aseshhiohntaidif@ehd, afd bptidnaRy Qhislathk QRidatief Pridudidss I leflovePfreANUEr t i ng

t he oxidation product gas to nmethanol. The oxidation product gas may have a
t enper &t@hsicoprtial exid20@Qeagor b3. 98 mied pbdveohc H3oiEtiop pragugtme mayrhaye am 500C

up to 600C. In the pr s of the inyeption, the. hydrogen content of the
oxi dat PSR LRGBS nd etfule S T e Y O SER ERs8 e on whi ch
may be dedffi@chidoplondlly Sleg@t €d tenmperature in the range of from 200C to
400C, and if the tenperature of the oxidation product gas is above a

sel ect ed t erferoatdatien praduetfgas ét ¥sag ata inedetoclybos aghgthanolatigpireastion the
oxi.dat i on, produc as may be cooled to the selected tenperature. Further,
inlﬁhepgord(%lg%gnse o#m?he i nvention, the oxidation product gas or its water-gas

shifted produetox{datien pridact @8 magyhveldoaditionédinidran bping dttiteddas) feedstceRfyer t ed
to methanol a selected tenperature in the range of from 200C to 300C
t her ef G¥educing mefhangki Fh¢ pudatioRiadyct gasmay be cendiened bypae oh Moreartigtuct

has a ts?egﬁ%éh&ihg 1?9@0‘1&1% hé@iiﬁﬁo&?pr&&@gégta}f& $) é@écggg'am&éri@g shife oxi dation

product gas or the watef-gas s ed ox tiron pro t gas met hanol , the
oxi dat ireaetipn osing thegasdavion iprelusagaras gdsedstock tethcpnedihe hydmugen bentenolf éc t o
the_sel ected tenperature. In an enbodi nent of the process of the present
injént iOS1fateh BIOGREEIF| on product gas, as either the oxidation product gas

itself or asrh%*&%id&ﬁb&ﬁfddﬁ& @E%‘&% QBRIMNFAOEr hbR Sk &4 %jﬁst%ﬁléfted product
gas, may be cooled at nost 700C’ or at nobst 600C, or at nost 500C, or at

nost 40g@peramreatt thostid@hGroduct gas WwosttmpeRO@re owitabte liopsonveBOE the poidatian
gas ¢ o PhaCkLserS MTeieop af P Ea R Rt e TR Rty Bk & PO
oxi dat ispifit lRAQIAGH t1EASkidERY N PRoEROLRDrRY tEXSREABIZNB: HEaitioM frbdidigay@shed
extracted gas, and/or the oxygen containing gas,

20  methanol. The oxidation product gas may have a temperature of from 200°C up to 900°C, or
from 400°C up to 800°C, or from 500°C up to 600°C. In the process of the invention, the
hydrogen content of the oxidation product gas may be increased in a water-gas shift reaction
which may be effected at a selected temperature in the range of from 200°C to 400°C, and if
the temperature of the oxidation product gas is above a selected temperature for effecting a

25  water-gas shift reaction, the oxidation product gas may be cooled to the selected temperature.
Further, in the process of the invention, the oxidation product gas or its water-gas shifted
product (the water-gas shifted oxidation product gas) is converted to methanol a selected
temperature in the range of from 200°C to 300°C, therefore, if the oxidation product gas or its
water-gas shifted product has a temperature above a selected temperature for converting the

30  oxidation product gas or the water-gas shifted oxidation product gas to methanol, the

oxidation product gas or its water-gas shifted product must be cooled to the selected

temperature. In an embodiment of the process of the present invention, the oxidation product
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and/or steamin the first heat exchanger 11 and/or the one or nore second
heat exchangers 17. The oxi dati on product gas may be cooled by up to 700C,
or up to woCa@o/mn7sap to 500C, or up to 400C, or up to 3@QTUSAe10OPIHL 250C,
or up to 200C, or up to 150C in the first heat exchanger 11 and/or the one
or nore second heat exchangers 17. In an enbodi nent, the oxidation product

gas produce the catalytic parti oxidation rea on of the m xture of
the wagheds ss&f%éle% %’88 AL B las%‘%éﬁs it aﬁlpﬂ@rﬁ%gt 233178 %m ¥R y
steam §‘§hl %ﬁayﬁﬁa%e {doid 3919)% bl 50019891509%06% LPaifbRG06XE gd by

exchan t’he “extracted gas an e oxygen contai ning gas

and/ or astr@atmoor’cecbﬂdﬂﬁfost BE°Ci 61sdt thaLOEXS bangesst 130@Npri@Tto tbevedig: BE nore
second heat exchangers 17, and has a tenperature of from 200C to 500C, or

f r om 258Tatign pYEctaRs oF WBisTHa° Bulrdexiditionrinadyss ats ©xeHBRgE. I n an
enbgdl ent, IITIE P& ﬂlﬂ)cyhn;ﬁ'éﬁlcd &esgffi‘l?edoarbo(/é %hé"?}lhgzgu aﬁo&tn:'tg serq?ff)gdum nmy

be cool ed by at exchange vmf wat er, stedm quidnitro omthe air
separ atcboled bpiekctingidg heitheith thealahdd draored gas, and/oe tHehuxygeheaitaigixg Rasiger s
59, preferably by at_ nost 500C, or_ at nost 400C or at npst 300C, or_at npst
200C, opdar e fedest he haiase 4l ﬁ%‘HPr the e s %esﬂldpbﬁaa WS - its

vat er - % o§ﬂfa¥15§ grogﬁgtd%ﬁtm Soe%%%leﬁ% : ﬁqo QMOJ@%} g/at QU0 8%\4#]5 {E) §d®eC hed

extracte gas, xyg n cont ai g gas, I'n the tirst

heat exphangeiC, bﬂ-uﬁto 34eCoBEuPo TFOPE, c&e@qaaobﬂatorapwawe}m tﬁeYﬁrsbuéatl S
cool ed by heat exchange with water, steam liquid nitrogen fromthe air
sepdr atkegrnger k1 @d/%rth%@rwe?r 8y |swd|hﬁatteﬁéh@ﬁérSdr7 b pe enhpdigent dhe

eXCha“%%d%n?% p{oHNBEt y EF%E[E&{)[# he cafdl XAt 78£Hd?{]&9}é%uo%ao% tfléslill%glgl!e%q Ry heat

exchange w as Pand e oxygen-contal ni ng gas
and/ or wish®&l éxsitae@thgharidide foxy@tn d@ﬁainlﬁg( ghangeoptichabnatean, ide temperaturdror e
second heat exchangers 17 and subsequently the cool ed oxi dation gr oduct gas

or its Oh&BY 4Qj)a§ %)HP PREY priodadringseoled by sarhaa g hegicwidh i cafragedeasy t h
vat er, aﬁ&/%? e géeﬂ %rn?élﬁlng%?ﬂagdr dé)rrgtea& 1n%1 e t%g?lrsqglggtr}\)kg@z{nrgelgl]t Ha/SLper

cool ant heat exchangers eam 1iquid

ni 16 Og%ﬁe f)f ﬁlrasret feoitl Kea$ e Atdron7, Wil hada tedipeadthierof ¢al 200°CneY0beC.feed to the
one or nore third heat exchangers 59 through inlet line 67 at a flow rate

suf fi cifesm 25(8€dol400?@afmh¢atg aeladriychueh hgdi@Xdrangﬁt er gas shifted oxidation
product gas.to a e er atur ow ra he wat er, steam
l'i quid nitr&‘éé‘i‘ue PIH{CHE?h aé]r?flﬂr %Ch%a ‘ﬁé Sa*fa%%aé Sﬁlﬁﬁeééfr‘?ﬁiélﬁ‘tm&%?‘.angers
59 may cB6led BPhes dxekhnBY wadi Wik, Bgad, hidlid dithesh rextiaaaeEp£anAHtit 8,k et
valve  69. In"an embodi nent, heated steam produced from cooling the

oxi dat iothrer pe@ditgt ogasr wporet thafdhaat@vcclgmge@ 139f pretérably dnbi wastHO0Aodr ageesi n t he
orS ! Bl Mot NP S St T B 6o g, gt xehancer
oxidation product gas or its water-gas shifted product is not cooled by heat exchange with the
washed extracted gas, or the oxygen containing gas, or water/steam in the first heat exchanger
11 or the one or more second heat exchangers 17, but is cooled by heat exchange with water,
steam, liquid nitrogen from the air separation unit 8, or other coolant in the one or more third
25  heat exchangers 59. More preferably, the oxidation product gas is cooled by heat exchange
with the washed extracted gas and/or the oxygen-containing gas and/or water/steam in the first
heat exchanger 11 and/or the one or more second heat exchangers 17 and subsequently the
cooled oxidation product gas or its water-gas shifted product gas is cooled by exchange of
heat with water, steam, liquid nitrogen from the air separation unit 8, or other coolant in the
30  one or more third heat exchangers 59.
Water, steam, liquid nitrogen from the air separation unit 8, or other coolant may be

fed to the one or more third heat exchangers 59 through inlet line 67 at a flow rate sufficient to
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gas in the first heat exchanger 11 and subsequently in the one or nore
second heat exchangers 17, and to be m xed with the washed extracted gas
and t he owg@gery/asorstai ning gas in the catalytic partial @xirdstélon2eweacti on.
In an enbodi ment, the hydrogen content of the oxidation product gas may be
i ncreased by contacting the oxidation product gas, a water-gas shift

catal yst, and steam at a tenperature of fro ,ZOOC@E‘O 400C iglea ter-gas

shi ft~ FBAPSPXIAFTONPEMECt ga%PY Y HfEE2 ST HATAUIGR PFHCT #1540 fRECHET er - gas
shift &AGdMre! e R e St GaWated! ﬁéanﬁ,'lﬂﬁidﬂ?ﬁro 1bR6thePodidMe tPthi SaE ben
product gas, a water-gas shift catalyst, and steamat a tenperature of from
200C t enat©@xd Ireat drechwegesy SYvmy dhichntralled by oudjurting o thiwt est exxhbioger porlati de and

steam t o hydro and car,bon di oxi,de as foll . CO.+ H20 .+ H2 where
Sher o ol s ol iRty hedlsh SEafubiired 1o et Bemia b B s The
range %fas In_r BEWAAQ Gt 0hifkBY Exidesd ﬁ@dﬁ&%a@frﬁﬁ@@ﬁ@oﬁhoﬁ%ﬁﬂ&ﬁeaﬁ%&&_ﬁ'ﬂg@ﬁsgBi de in
t he oxidation product gas. The tenperature at which the oxidation product

ct 9 . X1 G
gas i s edyrheded euthgifirst hepteexghanger Gaeebiines 6F andiPy & coob thefopxedation peoduelact i on
may be sele dj.ust e relativ I ratio_ of rhon_npnEXxi to
nydr gl i PEx PRkl (Bt o e S s SO AR CRABRE R o0
i n hi gher aciop\bemsikedwith tigaw bhded soiaxddderstaad ear dgaedtoxhidhgandid thes a hi gher
nol ar hydrogen to carbon nonoxide ratio, and higher tenperatures in this
t enper &AANECPAREE O¥idatim rep¢idnower conver si on of carbon nmonoxi de to carbon
di gxi de and . r i ratLo than
et gag s P e B R b Pt at ur e
range. ifdreaspd bgeotectofp thaotidmich prdwcke gad) atweerepas dhitfi carml it cod Gteages ahel ps
inhibit the reaction _going to conpletion and converting all carbon nonoxide
pr esentCNPEIRHE %fr%flg%@ %r”@@u@ in g 3t gapyyHagacierdds vhge adfisional sy as
shifte i E r il ; t
met hangllla?(ﬂfﬁg& \E/\I/g?g%‘ggglcéaﬁ%?‘ tﬁteﬁg%tgf)?a?lﬁ%d hf)s(r?% uc%&élglggﬁhy@%@%ﬁg?ﬁl%pri marily
hydr ogeRridatiaf p@dusinexd deter-gay hifa cathlgxd siel agoh st e@mplheuraadt aomua®°cho f t
catal yst contacted with the oxidation product gas to produce the water-gas
shilpt ed083G tathi ovitgszesishuft repstorfd copeerts cedoreneriozideyand sigiamato/hedrogay aid | onal
vvaterg%grbshid;otx.&aatsay WSLe. The water-gas shift catal yst may conprise a
cat al ytii call y Act Ve TV nsition netal or transition metal oxide sel ected
fromthe group consisting of FeCc@nHO s CO,+M, Co, their oxides, and
m xtures thereof. The catalytically active transition netal or transition
net al  oWiesethggyodyetiqupidpidressndnenpngesicathy fayorediat spmperatyies b 5202898/ or
sili ca f?o'ﬁ??&f°b to|4%03@ dgﬁﬂggﬁe@ggﬁ:&% Qfe exvc\:@é[secgﬁ%%sdigxqag 1tn tﬁ@%)%lciX&otn Igrr%é{ucl?e

chrom um pronot ed magnetl
20  gas. The temperature at which the oxidation product gas is contacted with the water-gas shift

catalyst to effect the reaction may be selected to adjust the relative molar ratio of carbon
monoxide to hydrogen, where lower temperatures within the range of 200°C to 400°C result
in higher conversion of carbon monoxide to carbon dioxide and thus a higher molar hydrogen
to carbon monoxide ratio, and higher temperatures in this temperature range result in lower
25  conversion of carbon monoxide to carbon dioxide and thus a lower molar hydrogen to carbon
monoxide ratio than water-gas shift reactions run at lower temperatures within the
temperature range. The presence of carbon dioxide in the oxidation product gas helps inhibit
the reaction going to completion and converting all carbon monoxide present in the oxidation
product gas to hydrogen so that the water-gas shifted oxidation product gas may be utilized as
30  afeed to produce methanol. The water-gas shifted oxidation product gas may contain

primarily hydrogen, carbon monoxide, carbon dioxide and steam.
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particularly for shift reactions effected at tenperatures from 350C to
400C, or in another enbodi nent the catalyst nay contain a m xture of CuO
(30-70 wiwog2p10Ar8@5¢20-50Wm . %9, and Al O3 (5 -40 wt. %, partiscaoardogs f or
shift reactions effected at tenperatures of from 200C to 350C. Preferably
the water-gas shift catalyst is supported in a fixed bed in the shift

reactor 71. The systemfor conducting the prqocess of the present invention
may be conf i'%ﬁr Frigh SR ﬁ@ltm@@ mtgé%es%l@%ﬁnr?ém% EUP RS Mo ¢ he

cool i P%a@&%a@%hi%@%xﬁéﬁ&@ﬁ&@u&?g%‘hfa?@e%%@nﬁﬁ&ciﬁﬁ& &b diMBle Al QR Ra1aNdecar bon
nonoxi de content of the oxidation pfoduct gas to be used as a feedstock to

pr oduc gasrgtifiznlyst. ABhewitedg@brbifecatalys noxi chatpron apratiuchllyagivedsankigofied from
the catal yti artial oxidatio actor 13 to the first_heat exchanger 11
and or "o % GeRahor e S8 helSTel FOEBh A ST H et TReZe: (x SHaNbE o t h ¢ he
wasBhed tixt 6:864s8 8 Ddssturel thefoY I Re QAN ALy tiJ@Gansdish BBh] SNednkitiof th@adm
through lines 19 and 21, where valves 23 and 25 may be used to control the

f | ow ofoxtdgendibetarporedniodudvmyys titapiay Hecongs ped/py sibcd supgertafvarsecond heat
exchangers (11 17...In an | NeEN not .shown) t XI L0 r oduct
%ﬁ@édlfmeé@,qge waiteﬁ— éasc %}1% %B’gg ng%; t)cla é?rgﬁlluraa)tror}loteg %1a %tggt(%mp

gas may ed’from al “oxi ionrea é second

heat exahROBEN fHOdhif ealktiOxCITROGE aMentpetdt@eWaSAETH0ER 6 A00€Y of @Sanoktee
oxygen-cont ai ni ng gas, and optionally steam and the cool ed oxi dation

pr oduc tempadinesuit therrgtal yoe mag cont@intremixtene o &g Om@ywi®).fa) (29-30ve-%). e8d heat
far furt i by .exchangi ith th h ted
RO R A R R e A R SN Gl o

productzsgas P%?ér&tﬂﬂ thenGatki- Eat shﬁ?é’étal?é&%‘ apelted th IBYediedfif thd @ift Raciat er - gas
shift reactor 71 through ITne 75, of, nay be fed to the one or nore third

heat exXdhangers 59 through lines 77, 79, 81,and 83 wi thout passing the
cool ed oxidation praoduct gas through t water gas shift reactor 7 or may
be passed d MESPInIG sudiiiie BoPRErsscb iRty T Rt asbe S TREAE gas
to a nmebh@anrahg ﬂﬁspr%ééggﬁtgmﬁlw, Qb dldgBSthd Boolhk and@r h8a ex @it g8 feqiirbdout

a

passing the cool ed oxi ion product” gas through the water gas shift
r eddt orang thgrrelabige bydrogan angraartioni mehdxédetcoaseohainge pxidgdon piadvegagto b3, 95,

and 97 may be. adjusted to contral, the fl of the oxj.datiqn product gas
o { A Pl Bk a € Prdfie BRURRLY (AThdt SR b. HEGBRFTbGleRaF BT beThe | o
or nor ged fRbmdhdeailyeX phaaneSathd, re@iort1Q tb it fii8Ekda@ExBngePilMiaha/ol yhe dnBe

cool ed oxidation product gas exiting the second heat exchanger 17 may be

fed toof Rorqwacand get exdingers daéudieatzexchanesuth the neshaiextrpgied eandhers, ~ or
T 6 A5t SyiRPR, B RIS\ A RIS PR A ol H gene,
t he0watnety-lgased i ddntiobetfloiw otlthe okidatidyploduqraas exthelrgspedtivy first and second
heat exchangers 11 and 17. In an embodiment (not shown) the oxidation product gas may be
fed from the catalytic partial oxidation reactor to the second heat exchanger for heat exchange
with the washed extracted gas, the oxygen-containing gas, and optionally steam, and the
cooled oxidation product gas exiting the second heat exchanger may be fed to the first heat
25  exchanger for further cooling by exchanging heat with the washed extracted gas, the oxygen-
containing gas, and optionally steam.

The cooled oxidation product gas exiting the first heat exchanger 11 may be fed to the
water-gas shift reactor 71 through line 75, or, may be fed to the one or more third heat
exchangers 59 through lines 77, 79, 81,and 83 without passing the cooled oxidation product

30  gas through the water gas shift reactor 71, or may be passed directly to reactor 89 for
converting the oxidation product gas to a methanol gas product through lines 75, 77, 79, 85,

and 87 without passing the cooled oxidation product gas through the water gas shift reactor 71

26



to reactor 89 for converting the cool ed oxidation product gas to a net hanol
product gas through lines 99, 101, 79, 85, and 87 w thout passing the

cool ed oxwoavioosopeoduct gas through the wat er-gas shif PCTA®BC110/020024 or t he
one or nore third heat exchangers 59. Valves 103, 109, 95, and 97 may be
adjusted to control the flow of the oxidation product gas fromthe second

heat exchanger 17 tq.the water-gas_shift reactor_ 71 he qne or re third
heat exXEHKTERS Msge Ty gt PHEBEER D Ve fb%oﬁ?ﬁanﬂm}?* B O Sdusislde or abl y,
the oxigatdiane REQWGle G@Gation pRQUucEOR! Bfn BY MSAkcaBXLAFNLS 1144 helilReriBzhed

extracted gas and the oxygen-contalning gas, and optionally steam 'n the
first ahidtsegontl, teatneex ohan gerdsheni exchdnge?s Shuor ta thefrendtati89ect |y from t he
catalytic p i i da act or to either the ter-

oot o 51 Y U SRS ARE e e et PR Bot B R b o g

for scomgged ionfe WaRr@%4 Sattir@iRtdRr7dnGL gl Bles 9D, A0 TRLAFBObr, RS bREQHIGhe odd1e
oxi dati on product gas nay be fed directly fromthe catalytic parti al

oxi dat ios ot tdrddicatixchangeried Wihranghdings 8hil0l, %84 rod 83 withhenpaskiag thenper at ur e

f th ' ' [ 200C t.o 40 it |
ner east P ABaf bR ¢Sl bl B TR it e R SR PR, o

pr oductto gastor P €or@dh datih® thefooRd Okidaésn PrRyduberak esla eictie@bl proflli@@nsg he
catalytic partial oxidation reactor 13 to the reactor 89 when the oxidation
pr oductthrgagh hags 99, 1@ J8r 8. apd 8mithespagogtherogbdexidstipn HERIEEt S et hanol

pr qguCtthlggglhth-g%t%ag@ﬁi%ﬂ@a@é%&lthggﬁe Sﬁ%oﬁ%ﬁﬁge%@%ﬁké’m 59 kARQNE or

nore thir eat exc angers en 1 ncreasing t ati o of hydrogen
t o car A6, H9OXiane 97 snaydie dipssitadad cantolwheflowhd tlexdxdddtioaprepduedgstfrgashemay be

cool ed suff.icient in the third heat .exchanger 59 so that.the cool ed
oxi dat isﬁwnﬂﬁlﬁﬁféf‘l“%’ﬁgr ]ni;l? the Parpérat ftée%for;}ao%?%@r porediie hedthe oxi dati on

productxgas -8R %9P& th et dhdiscgd.y fromthe catalytic partial oxidation
reactor 13 %o the water-gas shift reactor 71, or the one or nore third heat

exchanger s 3¥ptiopally. het lesspemraty thyoxdatemt froduct bas i notwapfed hyehaaki dat i on

product gas to. sel.ect ed el enent ile precluding flow of. t xi dati on
P aictxgaBet e FRTER Sl Mo Sl Rt B e B Prohd R et Gat o
pr oductin gRairsEndRecdidRet &dhddeer tihedadt Bhiik F&l dretly dlondikk dakhiy@b pheact or 13
to the water-gas shift reactor throu ines 79 and 105, where val ves 27,

h |
93, 95 oxgiation graciend3 1®@th¢aﬁlebéat@rd$a§§gﬁare@@0tﬁhtor die ageor maspvthord heae

i dat i t f Ry ial oxidati 13 t
e e RG0S LTS 06 A1 AL A SHLEBL 0TSRRI Lo

f rom t peoduat. aifhe dxddfidhtpréducoxisdady Bnfed @aettdy frdd thOcithlgtio patiar oxi@dtdnt hi r d
heat exchanqgrs through lines 79 and 81, and the oxidation product gas may
be 28i r deacEd 1840 theevteagasohitbisactar Hliyher Hi tenpgatupgoifg ogislatien pigdees 2ahe

first %H‘o&%@s@ t§$@d°Ceﬁfl(c\iqﬁi@Qi%gi&bi‘eltoe}g&ease the molar ratio of hydrogen to carbon

monoxide in the oxidation product gas. The oxidation product gas may be fed directly from
the catalytic partial oxidation reactor 13 to the reactor 89 when the oxidation product gas has a
temperature of from 200°C to 300°C to produce a methanol product gas. The oxidation

25  product gas may be fed directly to the one or more third heat exchangers 59 when increasing
the molar ratio of hydrogen to carbon monoxide is not desired and when the oxidation product
gas may be cooled sufficiently in the third heat exchanger 59 so that the cooled oxidation
product gas has a temperature of from 200°C to 300°C.

The oxidation product gas may be fed directly from the catalytic partial oxidation

30  reactor 13 to the water-gas shift reactor 71, or the one or more third heat exchangers 59, or the

reactor 89 by directing the flow of the oxidation product gas to the selected element while

precluding flow of the oxidation product gas to the first and second heat exchangers 11 and
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17 may be precluded by closing valves 23 and 25. As can be seen above, in
certain enbodi nents of the process of the invention, certain steps of
condi t i orwogotomso™s2i dati on product gas to be converted troTmsStéanedoonay be
omtted. Therefore, in certain enbodinents, a systemfor effecting the
process of the invention need not include unnecessary elenents. In an

enbodi men for, exanpl e when the water-gas_ shifted oxjdation product. gas
oxi ting t h‘@%{d@% dugfigps H}aé@etd&ﬁct?% iRgtha C@@hﬁ@ rpaft&f xR rﬁa%t%iﬂ ect ed
range Qf QPR AlsWhfEchQbr ﬁgash\ggrﬁnw@ hie 1084k ORTy S D7l 9295087 dayipn

product gas to a nethanol roduct in reactor 89, the step of cooling
t he watl@P nypadesidjfsteddo esmtda ttheofioyp b theatxidpgion iprodonegasfram the datalyte faetéd

exchangers .59 need t .be conducted. |n 1hi.s enbodi ment he one or nore
Chird ROPIE EHaGr & 68 Srly e SR ¥ P 6] Sreet B85 RS of ng ¢ he
pr osesslited h@nd ¥ @frhlyao paﬁﬁdoiih@tid@ﬁ%@d‘to@ﬁ@to&ﬁé bhest A¥ledrid Réncpr oduct gas
may be fed directly fromthe watergas shift reactor 71 to the reactor 89 as

a f eedsrdurgers threwgh/dresi7grind $ oang the pkidaden praduqiesimiey be diveeipd embedi nent ,
for examplG.goWfel] I%Iherh%eé‘??hﬁ& Q@ahto%%rtﬁegﬁr”st IRy D6 NEEded. N 40§y 9x) dation
product “gas an t'he Sstep of “contacti ng e oxidatron pro uet gas with a
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the water-gas shift reactor 71 and the one or nore third heat exchangers 59
may be easitinuiedater-gan shife reagor @inhhor teprpgeatieiwithin heelpetod swige of t he

i nyention,and the oxidatign product may .be fed directly fromthe

cat sl y iR ar Soviibe O PRBEE i ST rksRebrs gt alia P b coot ed
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reaction:
20 gas shift reactor 71 to the reactor 89 as a feedstock for conversion into a methanol gas

product.

In an embodiment, for example, when 1) no additional hydrogen may be needed in the
oxidation product gas and the step of contacting the oxidation product gas with a water-gas
shift catalyst need not be conducted; and 2) when the oxidation product gas exiting the

25  catalytic partial oxidation reactor or the cooled oxidation product exiting the first heat
exchanger 11 and/or the one or more second heat exchangers 17 has a temperature within a
selected range of temperatures for converting the oxidation product gas to a methanol product
gas in reactor 89, the step of contacting the oxidation product gas with a water-gas shift
catalyst need not be conducted and the step of cooling the oxidation product gas or the water-

30  gas shifted oxidation product gas in one or more third heat exchangers 59 need not be
conducted. In this embodiment, the water-gas shift reactor 71 and the one or more third heat

exchangers 59 may be excluded from the system for practicing the process of the invention,
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CO + 2H2 CH3OH where carbon di oxi de may be invol ved nechanistically in the
reaction, and increases the reaction rate. The quantity of carbon dioxide
in the oxwoabiomsopseoduct gas or the water-gas shifted oPcaaiSean/oproduct gas
is selected to be from20 vol.%to 60 vol.% or from30 vol.%to 50 vol.%
or from35 vol.%to 45 vol.%to optimze the rate that nmethanol may be

formed fraom contact of catalys th t oxi dati on product .gas or the
wat er - ¢3¢ therRaqation Predyst #45m bfdf\énéldlrg%rgv fromehecagtiqpatel jdasoneactin
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product gas over and/or through a fixed bed of the catalyst located in the reactor 89. The

resulting methanol product gas may be comprised of a methanol gas, hydrogen, and carbon

dioxide, where the methanol product gas typically may have a temperature of from 200°C to

300°C upon exiting the reactor 89.

25 The catalyst useful for catalyzing conversion of the oxidation product gas or water-gas
shifted oxidation product gas to methanol may be selected from conventional commercially
available catalysts for effecting conversion of a gas containing CO, H,, and optionally CO,, to
methanol. Such catalysts may be formed of copper, zinc, and/or aluminum metals or their
oxides. The amount of catalytically active metal in the catalyst may range from 2 wt.% to 75

30  wt.% of the catalyst, or from 3 wt.% to 40 wt.%, or from 5 wt.% to 25 wt.% of the catalyst. In

an embodiment, a methanol catalyst may include from 0 to 20 wt.% Zn, from 40 to 50 wt.%
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hydrogen separator 111 via line 113. Hydrogen present in the nethanol
product gas may be separated in the hydrogen separator 111 and recycled
back i nt ovohreiweserstor 89 through Iine 115 or separated asTashydioomen gas
product. It may be particularly useful to recycle hydrogen back into the
reactor 89 as an excess of hydrogen facilitates t he conversion of the

oxi dati on or _the water- shlfted ation product gas to the
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hydrog N4 be conpressed by a conpressor 117 to increase the pressure of
t he separa dlhydrogen prior to feeding the separated hydrogen back into

the react or 189 restitthgSegaiad @ebduyOF8Gety dprivniley BOpaRERISHaE thcoreactpr 8 &ud € of
from5 MPa to 15 NPa Energyg&hd% to drive the conpressor 117 nay be
suppl i dydroggseparyyl 1dedy ling Yrirpgen pieseakithe giethpnol praducy gatMrpBe bel ow.
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effective for operating at te to 400C. Suc oy
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support nay formed of a ceramic or netalTic material that i'S porous to

hydr ogen. Pdihelnydrgen sepassorskld gireferabpyois etfsctielatiseraraing hpdeargen redlamt eri al s
for.the s ort .of e rane. The hydrogensel ect

codd ed TR TR ipobe MRt Heb Sais P L Es BRGRR e S et TS he S Ani sti ng
of Pd, hifther Plessufl, FdrdexaMpleY theMydrdgen séparatédfromahe MNdthadbichrBiuct 2amAy Xt ur es

thereof particularly in the formof alloys. Palladiumand platinum alloys

are préneg @ essuie phiremdll ¥iayo 3rdParwhile the msthenel rrséyqsizas may Revegt esent

proces <¥§ﬁe%fﬁ%h¥5kﬂ%ﬂ HB' f a palladiumalloy having a high surface
area coa orous ‘starn ess steel support. Menbranes of this type can

be prepared H;sﬂrmntsb@rﬂea bods 1didssdeaseshrator U 1ShaPiatie bdNecy@ed bZ:k98t6. Thin
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be28ui teaAsta Sddyeech e PoERAPEEICd 69 é’r‘?ﬁé’tlféroif &he oXTgioR P BIGE BRSSPI e,
hydr 0g&hs s}ﬁﬁé@%lhyt?onrﬁm&lggs lggwre%%lrfgrfe& Bfthe reactor 89. The separated hydrogen

may be compressed by a compressor 117 to increase the pressure of the separated hydrogen

prior to feeding the separated hydrogen back into the reactor 89. The separated hydrogen may

be compressed to a pressure of from 5 MPa to 15 MPa. Energy (e’) to drive the compressor
25 117 may be supplied from energy (e’) produced by the expander 119, as described below.

In an embodiment, the hydrogen separator 111 comprises a hydrogen-permeable,
hydrogen-selective membrane through which hydrogen-but no other components of the
methanol product gas-may pass, and that is effective for operating at temperatures up to
400°C. Such a hydrogen-separation membrane may comprise a support coated with a thin

30  layer of a metal or alloy that is selectively permeable to hydrogen. The support may be
formed of a ceramic or metallic material that is porous to hydrogen. Porous stainless steel or

porous alumina are preferred materials for the support of the membrane. The hydrogen
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formof a tube that the hydrocarbon oxygenate product gas or the

hydr ocar bon product gas nay contact as either product gas passes through

t he hydr ogeromdpsarsat or 111. Alternatively, in an enbodi memtused1oob@Ipr ocess,
hydrogen is not separated by itself fromthe nmethanol product gas and no
hydr ogen separator 111 or conpressor 117 is included in the systemfor

practicing.the process. Th t hanol product, ga optionally |less the

hydr ogéﬂle?thVétm?fé]oorﬁi]_@ﬁ Cs?tsi i Pt TSR SHIBR D IBELEE Gt B passed
to an expaffelorPhdpying Al e, 123 NHhee Bt fanpd, A AHYRL, SRSmIRYPaefbpanded
t hrough the éxpander 121°to dépressurize the gas and to generate energy
(e~) ayattivelaglysn it fexpandéayst Palbdgim tikplesimandBoysiaed prefdrecde Aganaedary?21 nay
be, for anple, . a turhi ne,. where passage of the. methanol .produ as
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preferably is, sufficient to drive the unit 8 for se%grat‘i na oxygen from
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en separated,in.the hydro r.at 111 in r,essaor. 117,
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119, t Reealvermateni@y The h9p@iat-buehesblRORVECEddseleRtige m@yhbedreahdyi ISl the

connections, with the unit 8 for separati@gﬁgS oxygen fromair and/or with the
&

conpr edaiEk ofja trbe ghat hsrhyideasarteyg oryrralRTo Aadiehe hndrorabeR Biodieag epar at or
11 | I I ltllgeejg, ' he met hanol
prggug}ﬁd asﬁ]faﬁ?/%sug ¥g[]ﬁ>e68§<§c gn %rsgs{t}fg{u%gy b dg%%elﬁégﬁﬁgﬂogglrfuse out si de the
system f or pPleciatioelygint dveenpycaliaes ob thet frecess, dgdrigen ventsenated beiteetpanded
met hangl pr.oduc s may then be condensed in ndenser 12 t a

t enper 3{%?@%?@?0@@ OFBth%’élS and ge PV&@g%S%’érﬁtﬁr a]rglg O8R! iﬁﬁalﬁﬁlfld?ﬂ oduct
from caf brnydb@bAfaadnoiReoQdses in the nethanol product gas that are
not condensable at the selected tenperature. The expanded net hanol product

gas may be ghevwnefeanot prodhe mermpeinsdly 1833h¢ hpdropdrethetdpdriden presentlin the 125. The
tenperatyre selected to condense a |i i d hanol oduct from an, expanded
ot Rantetiho? Brofii as e Rut NI R  Rp sk ital TR e 4B STHE eyl i feE

poi nt  ghs mAY BeRxFHNAXd BRodghtBO Expdned1aW dEhiesddre thrGaPahdio @helRidh@ng . I n

particul ar, the tenperature for oper atlﬂﬁ t he condenser 123 to condense the
| i qui d (ereeshiiiaghs beapanded threvsh the capandabd - reetranandey 431 mapdactor sxsiitlel be

Soroet Stk Lanae B R RE P ISl STl st om
condensed i Mhekeacigoneppsanceidsy dxpyndige thegudtadmd pwidubt @s giaohgnthe eXperdeool ant
ma%O ¢l rl(ig ln?;y%et, Qr{dolgjrgfré:rébﬁ]; is, sufficient to drive the unit 8 for separating oxygen from air, if
utilized in the system for practicing the process, and to compress the hydrogen separated in
the hydrogen separator 111 in compressor 117, again, if utilized in the system for practicing
the process. The expander 119, therefore, may be operatively connected, e.g. by electrical
connections, with the unit 8 for separating oxygen from air and/or with the compressor 117
25  for compressing hydrogen separated in the hydrogen separator 111. Optionally, any excess
energy produced by expanding the methanol product gas through the expander 119 may be
delivered for use outside the system for practicing the process of the present invention.
The expanded methanol product gas may then be condensed in condenser 123 at a
temperature selected to be effective to separate a liquid methanol product from carbon dioxide
30  and other gases in the methanol product gas that are not condensable at the selected

temperature. The expanded methanol product gas may be provided to the condenser 123 from

the expander via line 125.
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condenser 123, for exanple through coolant coils or through a cool ant

j acket in the condenser, to exchange heat with the expanded net hanol
product oae 2ards8vtser eby condense the |iquid nethanol prediasS2énwonmwhe gas.
In a preferred enbodi nent, the coolant is water, and the water may be
chilled water having a tenperature of |ess than 25C, or |ess than 20C. The
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uti | i zedndemsa@d2Bbfo bearepit tlaotgdegdst céilparthionph afcodlhst jhélguimtharedidensdr, wash
porbion separated fromthe first |iquid nethanol product nmay be stored in a

iSt d ag o F’é‘ﬁ’ﬁnth wHBR e&p@pdeéit}ggtlgalpé Rrodusteas and therehyiqondeyse fhediquidry o
au . i 139
| aut A ERRTlo MR RO TP <R PSRRI OO, AullSe  uxcianger 199 (o

chill met hano ortion to a tenperature o rom-40C to 0C,
or fromwatd@aytiee ch3ild pateokiaving a reppetaturg of kas thaq26eC netiésaniadn 2086€h porti on
into the scrubber. 9 as the nmethanol wash to wash the extracted gas. Liquid

ni trogen frdiftigaidgnethanal produrt whigh magoptgnale coptpiaserg Walgningh e ai r

separ atyj i t i i { t l'iquid
met hantgh%] V\%s h%o% rtopgﬁ.d?%}%ﬁgﬁsﬁﬁg ?gg?%ﬁrgr%?ﬁgrgﬂéqo{{gnagﬁ%olr?i aglgq?r%fy Iir%%?wn be

i njléct éiduidnhethting pssluotiney b utilizedas ldesdnibed ut mact dethilgadow 0 The pauee df e

washed extracted gas .and a.carbon di oxid nt am na met hano sh
i e N R R AT AR S R

cont ai Qo] AaRisCHt AbnHroxhad thhRbOLLds Witk SRlBRAGhs WA Be RROYELAPrior to
washing the extracted gas in the scrubber 9. A second |iquid nethanol

pr oductthaveguidh methavolppdertf r om t he car bon di oxi de cont ani nat ed met hanol wash
product. In.a [r.0c ese invent j

car bon di oxih?;i @eﬁp%ﬁ?eg%no”ﬁtﬁ% gggslﬂitlthﬁ‘(%uﬁ‘%t Sezl%cfﬁcid \tr/{}ggﬁgé)lrp(g UI%:Ctt serpﬁ§at%de§$%ﬁ%€gd
from t hgethtouplatctwadid d gt A@dd aithdneMplodt®. The fieR mdeiasasthdds pryduet t 0
separ atnllar;/ et sggarigg?rﬂg a methanol product portion and into a liquid methanol wash portion,
where the methanol product portion may be removed from the processing system via line 131
for storage and transport or for further processing as described below. The liquid methanol
wash portion may be directed to the scrubber 9 via lines 135 and 137 for use as a methanol
25  wash utilized to scrub the extracted gas. A portion of the liquid methanol wash portion
separated from the first liquid methanol product may be stored in a storage tank (not shown)
for subsequent use as the methanol wash. The liquid methanol wash portion may be passed
through a heat exchanger 139 to chill the liquid methanol wash portion to a temperature of
from -40°C to 0°C, or from -20°C to -30°C prior to injecting the liquid methanol wash portion
30  into the scrubber 9 as the methanol wash to wash the extracted gas. Liquid nitrogen from the

air separation unit 8 may be directed from the air separation unit 8 to the heat exchanger 139

via line 141 to cool the liquid methanol wash portion. The chilled liquid methanol wash
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l'i quid net hanol product fromthe carbon di oxi de contam nated |iquid

met hanol wash product. Liquid nethanol nay be separated fromthe carbon

di oxi de cwotarwesetsed net hanol wash product in the condemrs@&mUSi®8/oe@of or mt he
second |iquid nethanol product, where the second |iquid nethanol product
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cont am nat ed net hanol duct thls enbodi nent, the second |iquid
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di oxi de present in the extracted gas, on a mass basis, is recovered by

separ atpreshict angnthe hiest tignidengbancd pebdiust may bfnj:cmzbledd it o liebted frogethe o r 1.
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pr OdUCtrﬂlémar@f pifodbéthedy hadephidleddasm tHePRodREng S5@IY @4 the InetPaiol be!dhar' y if the
carbon dioxide is re-conpressed prior to injecting it into the reservoir 1.

In an &attadi %htle 134 apdi aipaitieon egda ca@bméd{lqmddmtb@rp&pmduﬁbm@hbe eppyEnéad
cont ai Qhﬁgug 319 fd %n{eﬁla&l@ﬁwgéhr ?&&%ﬁfc}]%‘f&i% Ehe Y vﬂﬁ%gs {85 cool
roon I OXI C

the ca € coo car bon OXI rlc gas may be
Conpre&ﬁ@d3b&i@ﬁﬂﬂﬁebf&£ﬁ&ﬂ§m to increase the efficiency of |nject|on I n

an_enbodi ment, the |iquid nethanol product may be transported and/ or
f uPher Alternatively, a second liquid methanol product may be recovered from the carbon
dioxide contaminated methanol wash product by feeding the carbon dioxide contaminated
methanol wash product to a separate condenser (not shown), wherein the second liquid
methanol product is separated from a carbon dioxide-rich gas. The second liquid methanol
product contains less carbon dioxide than the carbon dioxide contaminated methanol wash
25  product.
A carbon dioxide-rich gas may be separated from the condenser 123 through line 129.
In an embodiment, the carbon dioxide-rich gas may be 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
amount of greenhouse gases emitted into the atmosphere as a result of conducting the process
30  of the invention and also serves to maintain the reservoir pressure. In an embodiment, at least

85%, or at least 90%, or at least 95% of the carbon dioxide present in the extracted gas, on a

mass basis, is recovered by separation from the condenser and is re-injected into the reservoir
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processed. The liquid nmethanol product nmay be | oaded into transport

containers, for exanple liquid transport tanks, and then may be transported
to a sel ewpadidsemi on. For exanple, |iquid nmethanol preduasS2@oocweed from
a reservoir |ocated of fshore may be | oaded into liquid transport tanks on a
ship and then transported by the ship to a refinery for further processing.

The |i qui t hanol product that is. nmethapol. may he further processed to
pr oducd: rﬁd"@tﬁe amsseﬁfrdaf(rjb%@lgmﬂmw %IB?B%% SR R ARPEE (Dei ng
transpop ke Bk feimdide oMl Bidrfoir | fo ALRMRL AL JMBlorPsf fiRBeHaAEESSs Blont he

i nvention, the nmethanol recovered as |liquid nethanol product may be

conver tledresaveir hi prrtiodargni thyasobomdopide duetcompreshal fanown injecting it into the

met hanol -t 0- gaspl i ne .pr.ocess.in,whi ch t hgnol may be converted to gasoline
i1 2 Gl o dnsralRinan il BoRth LA HRele S 0e0 et Sl
zeobi t @a®frof dit Hand hﬁ@ké}ﬁ%ﬁﬁ&ﬁiﬁ%&n?’b@ﬁ%ﬁ% cSb18NEcHBS P RIdS-rich s, dhgui d

met hanol product rmn% be superheated and m xed with a synthesis gas,

opt i onahg gpolaslecag @Xlé‘nl’lﬁ‘? SHUBRY hasompigssed PHOA EX iaECtpPn P iacIzass] the e

catal ysty .10 .emhodi nent a ZSM5 zeolite, in a nmethanol conversion

react oretffzcﬁ%l}cyggé%r?loglt a tenperature of from 360C to 380C and a pressure of

from 1.5 MPalntad entvdiviRent! the figoidut&han ol peRluitNagobd @insbogeddmidiidlrthésasol i ne
may be separated fromthe gasoline-containing product by distillation. In

anot hePrsbwdi FBatiaeid netbangl pradyst M1y bhloadssiatn tranport Fefliriaciteon &8P Br oduct

may nbe Vv, [ | efJ ' i cearding to
e one ORGS0yl Q=B 09, SRR E SRR SRE o
heat ed ntehamot progectatredieed frohr oreseS50iC] dcatedwfiShate naayiedssdadenwfliquakss t han 1.5

MPa and contacted with a lid acid tal yst, such as a zeolite or, a
si | i cadlPOPRRKIPHEPHatheP ﬁ’EFf g‘é’& Fr&?spgftéégy @%ﬁ%ﬂ&/@ta egngy 5%@&8’?%06515%‘?%

product. C L e |thd$nétha1ﬁ»l%E&fﬁ%§t%atf i_@li’nelﬂ%gyl%ﬁ%' BY i tHA Il se@BSpro@iteam nat ed
with high I evels of CO and converting the natural gas into nethanol,

conpr i dighgr majecalar waight hydracagben prodpets sithey atiar eorg dirordite enwd theevdlhne from

a reseryoif containin tural gas, where cayrbon.di oxide c rises greater
thin 2060l 9 Spotdie o e eesg BE tregiveaBiptdhy RS e st BABHUE Wi th a
wash  efh&@kdnioV frodActhBOBIC@ nReit@SRChi B bétatd HoRSpro@it: dly Mhdlghdwass car bon

di oxi de than the extracted gas and to produce a carbon di oxi de contam nated

wash preianol-tansrspling proceidsh é/@i@@q»thwg day s ceprrrtgdnia atoline a8lizipg oner %
car bon 205,04 L0 R RRT nGO, LARI AR e o0
ext r actnesle @ sidvt BatalysBx e ligednhe&hial @rqiast miy bdheuperirsedaad mixed with a
20  synthesis gas, optionally the oxidation product gas, and contacted with a zeolite catalyst, in an
embodiment a ZSM-5 zeolite, in a methanol conversion reactor (not shown) at a temperature
of from 360°C to 380°C and a pressure of from 1.5 MPa to 2.5 MPa to produce a gasoline-
containing product. Gasoline may be separated from the gasoline-containing product by
distillation.
25 In another embodiment of the process of the invention, liquid methanol product may
be converted to light olefins including ethene and propene according to known methanol-to-
olefin processes. The liquid methanol product may be heated to a temperature of from 450°C

to 550°C at a pressure of less than 1.5 MPa and contacted with a solid acid catalyst, such as a

zeolite or a silicaaluminophosphate molecular sieve catalyst to produce the olefin product.
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of a partial oxidation catalyst at a tenperature of 900C or |ess to produce
an oxi dati on product gas containi ng hydrogen, carbon nonoxi de, and carbon
di oxi de, wbhepw/wshs2nol ar rati o of oxygen fromthe oxygemCTtarst@ionzegs gas to
carbon fromthe hydrocarbons in the extracted gas is |l ess than one; d)
optionally contacting the oxidation product gas with steam and a water-gas
shift catalyst at a tenperature of fr 0C to 400C and a pressure of from
0.1WMPa to 15 MPa to produce a wat e(ig&gﬁrgifted oxi dation product gas; e)
contacting the oxidation product gas or the water-gas shifted oxidation
product gas with a nethanol synthesis catalyst at a tenperature of from
200C t d. 30pEcanndoarepr esimg aaapiralf gag poigahiPatadovitlphigPde viets grdduaoe a net hanol
product gas.copprisi met hangl and carbon di oxide; and f) separating a
first ICP%W%@E%WB‘{J%&?Hﬁ%&eﬁﬁ“%?rﬂ%nﬂ%'hanol product gas. 2. The process
of slaim1l whettticling B@ayeshprissRcdrBorSdibkide bA® nRMaha&bith B3& VLS c6MaPiigsed of
liquid nmethanol. 3. The process of claim1l further conprising the steps of:

a) sepaetrdliggs.avhiper edrben dipxidasomprises Ar¢aderi thandd veliolof fresdtrested Bys; opt i onal | y
storing the a Qrti.on of fif l.i. qui hanal, Qr.o 1 .C
chilling tnd) SOREARFRRRHRERR MR okt Bitpde B3 PoTRe CA e RENE o),

t enper abua i lefy @MondNéxitle Gtk exaac1bBangnd e reédiceachidngiaskidd t h t he
separated chilled portion of the first liquid methanol product to formthe

washed CEREPRAEV AP atstavhess Bsvathekpdectd spantriained 1P dP dohEREwsl wash
PT QgUCio.3de oHAGH IO Eﬁ.sc%rﬂ%fg &&ﬁ%&%téﬁ%& QIWaQ? Wdhé%é&ﬂtaﬁﬁk%éﬁe?rb%
I qul met hano omt

separating a second pr oduct e carbon di oxi de
cont amdiadiédthaee theanosh; wash product wherein the second |iquid nethanol

pr oduct contgﬁi ns,.l.ess car ?on di oxi de than the carbon di oxi de contam nated

met hanol  wash GHEHE the WashehextFchdens Wi a0 VR BCANiURIBR Fot MethE RFSEAFCdi oxi de
cont ampatediaIBLAANH VAN aPg RAHIRL S LOTBINGAW b iddiee BRLRARRY pr oduct

gas prior to separating e sec i qui d et hanol “pro romthe carbon
di oxi deratuat gavicoatagdngrieydragml, cawbsihmonbere anbeafbion slioxlidegsihdrentae heihalratpr oduct
frggnth met hanol product gas and the second |jquid nethanol product from
t hé> caPb 8 ENIAT d R EhT A B P8t 67670 %fﬂﬂﬁfrha@ﬁ%‘iaﬂ%?ﬁlé s Bis B
t oget heng fsnogd ot hanol product gas and the carbon dioxide contam nated
met hanol wash product, respectively, as a

d) optionally contacting the oxidation product gas with steam and a water-gas shift

catalyst at a temperature of from 200°C to 400°C and a pressure of from 0.1 MPa to 15 MPa
to produce a water-gas shifted oxidation product gas;

20 e) contacting the oxidation product gas or the water-gas shifted oxidation product gas
with a methanol synthesis catalyst at a temperature of from 200°C to 300°C and a pressure of
from 5 MPa to 15 MPa to produce a methanol product gas comprising methanol and carbon
dioxide; and

f) separating a first liquid methanol product from the methanol product gas.
25 2. The process of claim 1 wherein the wash used to scrub the extracted gas is comprised of
liquid methanol.
3. The process of claim 1 further comprising the steps of:
a) separating a portion of the first liquid methanol product;
b) optionally storing the separated portion of the first liquid methanol product;
30 c) chilling the separated portion of the first liquid methanol product to a temperature of

from -40°C to 0°C;
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conbined liquid nethanol product. 5. The process of claim4 wherein the
step of separating a portion of the first liquid nethanol product conprises
separ at i nyoaopasvisen of the conbined |iquid nmethanol preduaiszomwiecoss ep of
optionally storing the separated portion of the first |iquid nethanol
product conprises optionally storing the separated portion of the conbi ned

| i qui d nmet hapol oduct; the step.of chilling the separated_portion of the
first |iqui & rﬁé’ﬂ%m& e, Epgiee b IPIMER SRR G S l%ﬁ%ﬁﬁsﬁ& liggidt i on of
the conhiggd) *yﬂoauét% S hD@R QlasRERAWGE ted @RTaridEcSb&PdiBkid bhhthAiMagdl1RRIid
separated chilled portion of the first liquid nmethanol product as the

met hanohethvmohwash gradictt he extracted gas conprises utilizing the separated

chille rtion of.the i ned |iqui t hanol product .th t hanol

vash to- wtEiRrgites e E BhgREomes e Be b b Srapfind iR e aFfF P viash
used t @r&ductRomMBe b REloR-e ¢88tan$n£QNREhERS vHsh Bbdabl Wkereif-thd §Rofd ocess of
claim1 or any of clains 2-6 wherein the extracted gas is scrubbed with an

armount ligpidyaethardl peedurieontanplesscigeonadigueid e 8gn dhy ¢aaleanedioyde cesamiiatiidng f r om
20 vol . %ﬂtc‘,a?lofg‘%g%loé@?{%cciar bon dioxide, or from30 vol.%to 50 vol. % carbon

di oxi dé]r,1 vol . % to 45 vol . % carbon di oxide. 8. The process of

cl ai m 4. dtheanycesd oftdl@hn® wheréinhe k&ibon Uhsidwa®hechigxtd aetdolgasshi ppodikt B zed
with the oxygen cont ai ni ngE gas in the presence of the Bar‘ti al oxidation
cat al y$§Pmitnegmaiiniae siethaaobproget @abpriprds sepastingghesespnd Hgwid ngthaebc or | ess,

' f : - | Al - f
B A T A Al
70 vol .préducofromtthd magian@(prodict Yas ond tht sdcoadtiq@io nwohard pfodtidtdraxtireact ed gas.

10. The process. of claiml or, any of clains 2-9 further c risin
 ecovergh &foxpc&agoelf%%wi megianployash REBOHC! e SaParhEd Al 5 4roBy{na mrdroge!
basi s, p?@du@@ﬁef%%‘ﬂd!t}ga' &airisd ) Moﬁﬁ@%&%&miﬂ&t&dﬁﬁetﬁ%ﬁﬂ Qasd ngﬁﬁﬁctﬁfe,sﬁé&ﬁv@l&t iacted gas

in the first liquid methanol product or in the co ned |iquid hethanol
pr oductcombined Tiqeidonetbesd pofduet.ai m 1 or any of clains 2-10 further

or 107 2o DSBS R EHET FRPED P Ql5P " RGLRAIRGI® fFSHLELTF FONOHE LRk
pr oductyr@mst cokdpristhgepaRiined paftic ¢t ddmbidéd h@id GRMMbBpgudth@e StepRs Of ©  a)
conpressing the separated hydrogen to a pressure of from5 MPa to 15 Mra;
and b) opfignaiky sttimgcherpape osipaehthe dirsiyidrisgeethenal Rradyet eapises on product
gas or oi)Hgnally storing the separated portion of the combined liquid methanol product; the step of
chilling the separated portion of the first liquid methanol product comprises chilling the
20  separated portion of the combined liquid methanol product; and the step of utilizing the
separated chilled portion of the first liquid methanol product as the methanol wash to wash the
extracted gas comprises utilizing the separated chilled portion of the combined liquid
methanol product as the methanol wash to wash the extracted gas.
6. The process of claim 4 wherein the wash used to scrub the extracted gas is comprised of an
25  amine.
7. The process of claim 1 or any of claims 2-6 wherein the extracted gas is scrubbed with an
amount of wash effective to produce a washed extracted gas containing from 20 vol.% to 60
vol.% carbon dioxide, or from 30 vol.% to 50 vol.% carbon dioxide, or from 35 vol.% to 45
vol.% carbon dioxide.

30 8. The process of claim 1 or any of claims 2-7 wherein the washed extracted gas is oxidized

with the oxygen containing gas in the presence of the partial oxidation catalyst at a
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wat er-gas shifted oxidation product gas prior to contacting the oxidation
product gas or the water-gas shifted oxidation product gas with the

met hanol wontwsis2cat al yst t o produce the met hanol pro#aTiusg@s/0284 The
process of claim1 or any or clainms 2-12 wherein the partial oxidation

catal yst conprises rhodiumand iridium 14. The process of claim1l or any

of clains 2-13 wherein the oxygen contalnlng gas contains at |east 90 vol. %
oxygent@ﬁped@turee%fsﬁoo?ﬁovkﬂss%85@"&% lesssor GHEC K desesy B renggionfrmbe> iRy of
clainms 2. Cyvhereln the washed extracted gas is oxidized with the oxygen
ontalnlﬁéﬁ as in the presence of steam 16. The process of claim 15

furthem. cCRRro&sNEF diX NEr StyestBlatink -8 WRerdshesbneNb iae tQAPIGRS ntviel tHahe
oxygen containing gas prior to oxidizing the washed extracted gas, wherein

t he an®dvol- & osatelgapt AP xell %nior At leps Shaeh Oé%tlﬁaesé9%&0%§féh¢op><tma@teé>gwgen
conkai rlb“%h%?oce o%echa‘?%hf?% aPn;?(to% hds. @fuﬂﬁ%;ragon{ in% 2 ov%h gﬁn%&’ﬁt%%bon from

hydr ocarbons "I n rac ed gas o ess’t han
0. 4. or at least 85%, or at least 90%, on a molar basis, of carbon initially present in the

hydrocarbons of the extracted gas in the first liquid methanol product or in the combined
liquid methanol product.
11. The process of claim 1 or any of claims 2-10 further comprising the step of separating
10 hydrogen from the methanol product gas prior to separating the first liquid methanol product
from the methanol product gas.
12. The method of claim 11 further comprising the steps of:
a) compressing the separated hydrogen to a pressure of from 5 MPa to 15 MPa; and
b) mixing the compressed separated hydrogen with the oxidation product gas or the
15  water-gas shifted oxidation product gas prior to contacting the oxidation product gas or the
water-gas shifted oxidation product gas with the methanol synthesis catalyst to produce the
methanol product gas.
13. The process of claim 1 or any or claims 2-12 wherein the partial oxidation catalyst
comprises rthodium and iridium.
20  14. The process of claim 1 or any of claims 2-13 wherein the oxygen containing gas contains
at least 90 vol.% oxygen or at least 99 vol.% oxygen.
15. The process of claim 1 or any of claims 2-14 wherein the washed extracted gas is
oxidized with the oxygen containing gas in the presence of steam.
16. The process of claim 15 further comprising mixing steam with the washed extracted gas
25 and the oxygen containing gas prior to oxidizing the washed extracted gas, wherein the
amount of steam mixed with the washed extracted gas and the oxygen containing gas is
selected to provide a molar ratio of steam to carbon from hydrocarbons in the washed

extracted gas of greater than 0 and less than 0.4.
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