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i nvent i orwoodiaserstced to a nethod for recovering a natural/uyasiooemwban nat ed
with high levels of CO . Background of the Invention Natural gas is
a fuel gas used extensively in the petrochem cal and other chem cals

busi nesses. Natural gas is conprised of |ight hydrocarbons-primmari

ot hane T HORROR RECOMRBINCEA SATURAL AR CONTAMISATIERAVERE NG as
et hane, propane, and but ane. NaﬁH@@ELSQﬁFQRXZa|SO contain sone quantities
of non-hydrocarbon "contam nant"” conponents ‘such as carbon di oxi de and
hydrogen sulfide. Natural gas is often extracted fromnatural gas fields

t hat arméeld efrdiednwantibacat ed of f- shore. Conversion of natural gas to a

i quid hydrocarbon is often required to produce an 15econom cally viable
product wher e RESARItIRY A0 A5 dirgCiaddo At Ythi o€ FeONe i Hat ﬁ%talia?gass i s produced
i's re”QBS&Mn&ﬁ&ﬁ%ﬁﬂh&&ﬁ@wﬂgﬁﬂgﬁgsS to a gas pipeline. One nethod comonly
used to convert natural gas to a liquid hydrocarbon is to cryogenically
cool t Mackabunddf thadnveoticondense t he hydrocarbons into a |iquid. Another
met hod t hat e use o0 conyert natural gas to a lLiquid hydracarbon is
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met hanol . Synthesis gas prepared fromnatural gas may al so be converted to
a NP quiathoyp@rod othebberviny hydimcaiben £Fyes pedhasratizanei prapane, and butane. Natural gas

may also contain some quantities of non-hydrocarbon "contaminant" components such as

carbon dioxide and hydrogen sulfide.

Natural gas is often extracted from natural gas fields that are remote or located off-

shore. Conversion of natural gas to a liquid hydrocarbon is often required to produce an

15  economically viable product when the natural gas field from which the natural gas is produced
is remotely located with no access to a gas pipeline. One method commonly used to convert
natural gas to a liquid hydrocarbon is to cryogenically cool the natural gas to condense the
hydrocarbons into a liquid. Another method that may be used to convert natural gas to a
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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Highly active partial oxidation catalysts, e.g. those disclosed in Applied Catalysis A:
General, Volume 292, 18 September 2005, pp. 177-188 consisting of rhodium or ruthenium

20  ona carrier, may be used to effect a catalytic partial oxidation of methane or natural gas at
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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natural gas is contaminated with greater than 40 vol.% of carbon dioxide.

20 Production of natural gas from natural gas fields containing natural gas contaminated
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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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



Brief Desciiption of the Draw ngs Fig. 1 is a schematic of a system
that nay be used to practice the process of the present invention.
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The high levels of CO, present in the carbon dioxide contaminated natural gas (e.g. at least 20
vol.%) act as an oxidation reaction regulator to help maintain the temperature of the
exothermic catalytic partial oxidation reaction below 600°C. The resulting oxidation product
20  gas, including the CO, and synthesis gas, is then utilized to produce the liquid methanol
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
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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
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gas 20reser e extracted accordlnq¥&o convent|q£F nethods for
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may be exfuagiamh (gfrtf?érbttot}@ss%@ttﬂértﬁ%seﬁ?ﬁvétﬁﬁﬁr YOhdscrbddbetlil ! 11 ng a natural gas
well 37into the natural gas reservoir 1 and extracting the gas fromthe

nat ur al gas Theges exdiactet! frdm cheghatirhlegasetsern®ir ddloetiin owtlanereidhadsorf or

assi stin xtractjo f g.gas froma natural S reservoir
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the reservoir 1. The reservoir 1 may be aci di zed by |nject|n an aC|d
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di ssol t] f h ervy jner e flow,of. gas into
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reser vekfimpler mahk@ﬁbtécbgas?;ﬂayrwnms Ry g@&cﬁla@wtatgylt hytjre@atrbcmggaaeshotg& thfessur e
fluid or gas through the well 3 into the reservoir 1. The hjgh pressure
f | ui d orethpns sueh 35 Hhaner Bropaneaand Pytarg. ARg mey alpqcantaisy gaseqys gulfiey containing

20%g/ Ogggﬁggﬁg&{:&gg% S@g?@g%@ gr Fffﬁrer ed enbodi nent, carbon di oxi de, where

the carbo rom a byproduct stream of the process of
t he present 'J]hla\eemhatahgasafsrmiesfaedhed( foe b procedhier gasveeiteradt@drfonam t he
nat ur al as reservoir cont ai n_net hane d carbon di.oxide, where the

car bon PAItSRIAH SR W Q’Fté"éfeéirgats FafetnQlo Thspagcesaciudes thesteds ghs. 1n an

5enbOd'S%BBlngttﬁ‘Eee)&ﬁEQQ%aQWﬁ'a%smeﬁmE't§ rodl &34 RhsHeR@RrAled/ Os- % or at
| east 55 vol . nor€ than 60 vol.% or at |east 65 vol.% or at |east 70

voI % contaming leaﬂsqarlml mgildé/ahaoﬁhetxttaeeétgawut\ﬂ@lea%ﬂd)qulH% cartonalieade, gas. The
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s uch agofhh@i}EsynfHeoR3AE ,ana@ﬁbseque@ﬂsr,, utashg MY oRidaGoit pdtiadtkag ds @ AUF v Al ur
contal rtllller;gof as a feedstock for producing a methanol product gas and subsequently condensing a
liquid methanol product from the methanol product gas.
After extraction, the extracted gas is delivered to processing equipment effective to
20  conduct the process of the invention. In an embodiment, line S and valve 7 may be used to
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
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extractygp,b gas will typically be at a relatively high pressure since natural
gas extracted froma natural gas reservoir is generally a relatively high
pressure gash véry high proBueGxR08d ZeVRAT beSemo¢dRy (edingthodiryrbigh, predsare

extracted ga have ressure of from1l a to 30 MPa. I n an
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the process of the present invention are conducted, so that the pressure of
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e oSS AL BB BB OULR LADs, L0, SO, AT, TR 18
for separating oxygen from air, or, alternatively, may be captured as electricity.

20 In an embodiment, when the extracted 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



the reservoir 1, for exanple, a pressure at or above 20 MPa, or at or above
15 MPa. The pressure of a very high pressure extracted gas nmay be reduced
to a preswonelmmsns2sui table for treatment in the proces®cofustéie/orevgent i on
by expanding the very high pressure extracted gas to 10a sel ected pressure
prior to catalytically partially oxidizing the extracted gas. In an

enbodi nent, an extracted gas having a pressure above 1 may. be expanded
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pressure of the gas extract’e romthe reservoir 1 ray fall significantly
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ext r act,gd ngRsrd¥aerBsr. avoi ded when the extracted gas has a pressure WO

2010/ 080752PCT/ US2010/ 020094 bel ow a very high pressure. In this
enbodi ment , AstBoertin Fig: ddthgaaie phgoryersiadofisiipgasgh methaaghesaeingtothen t he
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when t 126 viol. gs®Le0eyob o, i oaxdptiaed] ethed €0, iS pleedm\n the\sgnyashh gharfdedasmpe. 51 n
the process of the present invention, the extracted gas is scrubbed with a
wash i yoh% to 50 vol.%, and is most optimal when CO; is present 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®,



scrubber 9 to renpbve a portion of the carbon dioxide fromthe extracted
gasproduci ng a washed extracted gas containing | ess carbon dioxide than the
ext ract edwgasiomsb7seont ai ni ng at | east 20 vol . % car bon dipoxiuseo10skdobough t he
mechani smis not conpletely understood, CO apparently acts as an
internediate in the production of nethanol from syngas and thereby
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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
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be injected into the scrubber 9 to wash the extracted gas. In an

enbodi nent, the nonitoring of the extracted gas carbon di oxide content, the
cal cul at iwo 20fo/ishs2anmount of wash required to renove a eerast@d/o2wount of
carbon dioxide fromthe extracted gas feed to produce a washed extracted
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amount of 10 wash into the scruhber 9 be effecte an .aut omat ed
syst emcow%%“@bwﬂawea SheT e By ey %ﬂfﬂ%ﬁrr%?sa|theeﬁ>(flé;ﬁ%61ﬁ§lr&ﬁﬂ%méte€6hﬁut ers.
In a prebaitéada W]ﬁ%%awﬁﬂ%%@% abh ishif@eisdBe R QiteB TS B¥dbaGEgd 9as is

conprises |iquid nethanol. The methanol wash used to renove a portion of

t he carftvomsdiwxpateinfrgrmnijfrendxthaaongdt gasnateyal @killel vedbhedhegmeadipndisrent , t he
met hanol sh may. have a t erat ur f 15from -40C to,0C,. or t enperature
of 1 ronPraeed petgategal. SRy EbLadpDing Matsaels ey Tades 7G58 Mkt ur ¢ her

det gi | iReh@ns zinBoxie! bppel oM@sS AlusigemtaRidCh Hﬁxﬁf&oﬁbﬁpéﬁiﬁﬁoﬁa&, gay be a
portion of the liquid nethanol product produced by the process of the

pr esentmixiwef ¢apper-niakel @dides.ond tengnesivvionidec anhvakal ioside dad mayringlade a
extr aCtsglgpoggosr’biﬁcg:? f(\)’%lsela ortm}{ln%g%,zsﬂicgf %lgl%ti Ia\—/sgliéao tifRIP Y otﬂ&ﬂfeﬁ%tg r]oe)dides.
non- carbon di oxi de gases from t’he extracted gas én suc gasesy are present

i n the extratkeedsgasizhtonis pedfer@abBlLUdhSuctddit aa¥@pphtire hhehisRsdlfuray tHeenove
propane, butane, and sul fur containi ng gases such as hydrogen sulfide from
t he extPhtatayag compounds ﬁd%b%ﬁﬁwqgaérﬂe,sulfwamﬁ)@tfﬂék@t@ék%a gas may
CoRpai {m%qg . vy@ﬁg S ber 9 is
i ng feg%rﬁ efgt%i %e ﬁgﬂn%@eméﬁgg?%%eﬁg Iy a?‘]%n%{)ﬁ]g? ﬁsté)ﬁgegsu 6?”‘3%‘??%1" 2{1 lr#g? gas
conpourdboflimomt tthewestted @ treded)gs. mahlee cumsdved eil & adidedbsglisrizaninh aatdriady
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cat al yt | i.ahkyooxighndtng the washed extracted gas. The washed
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ext r actgdc@@fniprature 1) to provide sufficient heating to raise the temperature of the washed

20  extracted gas to the selected temperature, and/or 2) to permit other steps of the process, for
example 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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contacted with the material. Such sul fur adsorbing materials may include
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700C, or_ from 300C to 60QC by exchange of heat with the oxidatign product
gas fopﬁ@{atlﬁwao&tlaq 8 MayRerpiaaing iaﬂéﬁfil%‘ﬁe‘EIFV?lhgsRH%N@ﬁ apd t5ss prebdalyys |

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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5The heating el ements nmay be heat exchangers. The washed extracted gas may
be heated in a first heat exchanger 11, or in a first heat exchanger 11 and
a second weaniomsetsanger 17, prior to being fed to the cacalustéloopmesi al
oxi dation reactor 13. Preferably, heat fromthe catalytic partial oxidation
of the washed extracted gas is used to heat the washed extracted gas by

feedi ng the oxidation pyroduct gas fromthe catal al . oxi dati on
reactor 13 tﬁﬁtﬂsﬁﬁ%tﬁ ePtt%ftI%ﬁ@étepéftmgwgﬂX% Bﬁﬁﬂuaﬁ@si 39 hr ough a
second h@ﬁﬁ{ tﬁé@f@aﬂ%r aéznd fbe%o%ﬁﬁ@d’t‘éht% Bvﬁé(@?@ﬂgecron&lzlohﬁl lbtf'tﬂe' w8Hedt 0 heat
t he washed extract ed gas pr| or to catalytical partially oxidizing the

was hed esragtatgadogealyfihpargalt adidatioo. paa preéatrretdxamimdnmentr Ba&ht)wn imEie. be
operati veIx}f/ oanect edbl n g eous _¢onmuni c (gn Wi tlht i rst. heat

exchand® “EREGUTRY OF HE1YY Q" nt?épad’g’ Ve ol?tﬁ%sblt elf %Xﬁalbséoé’eous
conpunii&aceHar iﬂwotréddcé%ezl%ﬁ,ﬁlﬂ: srans e;@tﬁé&@@@to Withihat fl@uditahdenemhel9 and 21,
where valves 23. 25. and 27 control the flow of the oxidation product gas

t o t he ekirpased gasds gea @ﬁ@bb@a‘{vl%t&@ﬁaﬁbm wpsh mrltbber P tr adivd dsodithasnt | val ves
23, 25’d10‘¥1‘ e contem?Xf ?1% eay EC%EP %asgg egtgcti ieag eddto L4 cr)veesap ?1%1?1% grﬁ oﬁrg‘?leq[fat ure

nmeasur enen rac gas exi

exchangellfurlcbntaarﬁdg edsmpcﬁurtdb andvasbetbrexicthand gzdsegﬁﬁmethb t:xmtdd@ssem@nd heat
exchanger and/ or of the oxidation product gas exiting the catalytic
20par t Vel %@W&@tﬁé §2y Bgy thsn bedeatsd ima firgt heatregaireest L te Jdempeiatifished

extpac Qgéj‘? t a
sellgct tgﬁgftg%zt? %g%t F%t%tlgﬁf 9&“%5%3’3 EH fpr e Eésrhggéxm éégd\ifan%h Qgﬁeé tg (rgoa%t ed gas
may be thepdradrd of fidie 150ICHo I502C. axe haslgﬂrexﬂrictecagah 1apy thenak keytalysicallysecond

heat exchanger 17 by passi ng steamthrough the first, and optional Ié
second desdawized prisagépazer &5 fommavaanaphehabregiaining s i gaataining compayngs

enbodi t of from
1000 10" Yeouig! %E%qéécﬁ%tﬁ%%%?ﬁ@t? R P o B BOPE T MY e er abl y
by exchRamgdmgateahangets 7ato paempaatuof attonabovel tﬂahmtongmnoni I;Bi:lhpegaiﬁrefdf om t he

cat Iytlc rtial oxidation reactor 13. Subsequen ei t he rectly after
hedbi ng"4h f‘é%t‘taFfﬁétgéthg%&mil’tht‘Wéh 1 ?@tgeﬂé%talé‘ﬂtgr@ﬁ éﬁ‘i cqyagisd yfttér one or

{mr e | QLRLNE Bét?gug? aPoxi %t%)% ata‘lf&‘? p@@%%% rﬁ@* f‘o ﬁﬁ)’ic37 g%)éatgg heat ed

0 a tenperatu rom rom SOCto or from
300C t @va@ﬂ@&ﬁmemdgamxmmg theme ondlolrcemcoﬁkhdmaamﬁgéw 17 pragfoerfabtoya by

exchangi n heat portio f the oxida product gas . f he
cat al ytr@hy ﬁam@tttf}f“ OHRIRAT BT At S7ANEC Paie) 9B a) 0807 S IBRE A PIBFT 99094

As not e RBYSE:, thdExi8MorBrodR% §a %assﬁlﬁgéceﬁfb E@é&‘?ﬁ Oﬂl’l 1a1‘6§ﬁ1|ah5‘190f tﬂ@%’sﬁéﬂ“ zi ng,
and heating the extracted gas be coorydl nat to provide opti nal

coddi t iesmagied gds is helizgdsh edavéedctheat:foe Hegascliange vathdhe washegaxtracitd gasiiddia on.

In a preferred enbodi nent, as,sh in Fig. 1, the extracted gas nay be
i ni tialfyf a@Qﬁ%Cr?cﬁgg'egtr’Fxg 8&2 a selected pressure, if expansion 5is

necessary t qrhe&EHICE ek PhdRF 6§§p'ﬂ’e§’er@fsc¥db@ele9( tradfegtexdRsndeP1 WdeiifurBeSEs ect ed
ange. atll_c? ?he 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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extracted gas is then scrubbed wth the nmethanol wash in scrubber 9 to
adj ust the carbon di oxide content of the extracted gas to a selected |evel
and to rewowel0ssisgni fi cant portion of sulfur contai ni ngCtarspanod®Iand

ot her non-net hane gases fromthe extracted gas. The washed extracted gas
may then be heated in a first heat exchanger 11 to a tenperature

10effective, t ermt catalytic desulfurizatjon of the washed extracted
gas, e b liapiSbanding ceialyd Al SIGRU Y ISRAI5 P&L%Bﬁf_é?t“‘ﬂilé‘:%ﬁtéﬁ in

ext r actgttog@soRYinichesh REh Gt dLboid 1kal Lxhdgaihf vy i#edyi n desul furizer 15 to
renove nost or all remaining sulfur containing conpounds in the washed

extract ed ga's oxhigen varghieohgegas iadseproyasd pay fecddor the pheassddr convertegor nor e
second, heat exchangers .17 t enperature. at. or_.above the auto-ignitjon
¢ emper A00RENGPT Rtk vahediatoded PGP Gt L AR W RS LRI EyDRAd

consai b e AadytRNfAreD ok Gt &dreatioh 1 tsplrealyeskigiat alewdstedatttdcld Axupat i on
catal yst, preferably from 250C to 700C. The heated washed extracted gas

exi t i ngontaet witlethecatabitie paettnd aridaeen casal iy ahg taneperqtuigepoyethe adtorignidiopat al yti c
partial  oxi dat | [ tor for catalytic partial oxidati.on. In

ar 1 oo sl Al FRGLEard e S R T S b B R B 5 fhe g by
cat al ytoxggdgmadohtamdin@xhhahy boaidfa gheonpsibing a2Rastto0asl. gdogasni & subdthitiadd t o
provi de heat for heat exchange with the washed extracted gas in the first
and se®PYFPOWESR CRRPHHME Y8251 19 ¥pke PXYeShe wel | 3, expander 6, if present,

schybber 9, f E%ﬁ&e@&ﬁémﬁ%ﬁ%ﬁ%@t‘?% o&%%elfj&?ﬁ’gn{ngg %Eseéoni'lt?risgggtqeﬁsli] 90 9BLgOr nore

second heat exchangers 1 operative onnected I n gaseous
comunioggdnan abyidpngieding substanéis] snotnteofaxtrogntie theg@ecasnye.pasf sir betawsed t he
el enents used to 25effect the steps of tg,e rocess priqr to catalytic
parti alas336Qi‘éfﬁ?rb?P“é?lnPﬁéa%@H%ednlléjﬁ%g‘?%F@ BE%S.UH:@F‘“E& & ad{@0%xpander 6

may be PRRCALINR]NbIE NESHER uhd H3BECOHS yGOPIMMI S@AdH8R of thel PRNNEEL radtddy |1 ne
5; the scrubber 9 may be operatively cohnected in gaseous conmuni cation

Wit h tlges.eApanyem @niyning pes @Mprishng dt lgast Yhed % exydeampyr belgrondyd be

opefgati vel %t connectﬁd in . aseous comnfmi cati on. Wi th§§§1 SCL ber. 9 by |line
31; 7t he“RIESNEUPRZI TS 'y 'BE 'ShEPATYT VeI 5YE 'tUhAE CYIRLEL g2
COMUNIcEA¥dn@BniMatrepdifridd iirfit, oRgabnRXGHRN GEEUURY plebdiee SBing bbers@siORt:, beat
exchanger 17 may be operatively connected in gaseous conmuni cation with the

desul f @runitdp WAShOEXYELDBRY B Perprash ey Dnoowgsmbsngy: Picfrsaldsg thegrygeme

cat al yt tial j [ I rati v. ted. in
gascous IS F R L) B IRELRME I URRA TG fef PRRRRASH,

An oxygempeisditaalaabity GaSe bsyghsamdak pxovited 3separhgdofygen tiden fir peess f or
converting hydrocarbons in the washed extracted gas to nmethanol, where the
oxygen CEBYRMEPA 3y s§RYatien WY 5to the catal ytic partial oxidation reactor 13

to partiall En@fgyd(.b'%‘?o Lh& weshee fgf(geﬁ)%hﬁg oRFen YR 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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contact with the catalytic partial oxidation catalyst at a tenperature
above the auto-ignition tenperature of the m xture of the washed extracted
gas and twe 20wyugers2cont ai ni ng gas. The oxygen cont ai ni ngCyas2map2de4 ai r, a
gas conprising at |east 90 vol. % oxygen, or substantially pure oxygen
conprising at |east 99 vol.% oxygen. 10ln a preferred enbodi nent, the

oxygen cont ai ni n as conprises at | east val . % oxygen. t o avoi d including
substaﬁPPté‘fm%n%ﬁﬁgi goraﬁref»ﬁe”ﬁ%@gwswe% i} @ﬁ}@s%f ﬂeeeprgssuerofaﬁi? wighed used as

the OX%Qéébt&Pgﬂsaaift@fM&@%ﬁsio&Bmg eﬂré&&ﬁgﬁ iRkl TEBHEES) @B t6 B&Rp1REs el ure,
and may produce undesirable NO conmpounds in the catal ytic partial oxidation

of t he owggtnechnsininggheniaghs prodmdeddoygepamsort & the mgthgasl mrodmt igad theough aheast
90 | . % . be. i ded. 15 ti f Broi it
For " seaPaEFng: S5 er wiutiher st beygrs FRASporiy S YRR o R s ot

separ atof e divadted %as, Bn&GPNVENBro@MNAY byaRUIENPaREiES SEHHE ekihdie 2RIAAPAIEORe UNi t,

or a unit in which oxygen nay be separated fromair by menbranes.
Pr ef er aptd/totdeepssey arrxyapn-aPMRNGEEAS. provi ded for use in the catal ytic

partial oxidation_ of 3 he: ct rise t le . 99 vol . %
oxygen, and i S 06 %é\ill C@é%?%\ﬁgg‘ésplgrh g%&%‘%% %%ﬁ/lé)g%%frrggfn&aﬁbﬁwg F\h%aau%@li\tboglnt i onal

ai r sepahpdratare efMhé cordiaediyaiiRdexircteld faseant PRy donthidiag gsepanatitagtioxygen
fromair rmay be provided by expansion of a nethanol product gas through an
ex pand@artiahgxidaticiy ieper 1hinfthe preesnca of aiprrtgbpydatiqnicaglysespdisdeshed i s used to
redgyce - : : : e ansi on
of Phe S L BRIl AP b SRS PR pl R lon B GRS R EKE )2
oxygen abownwiah respect to theNvdshatyenrastep ans ttedafto-ogniti breteaiperature o eheavashed

separation upnit 8 may be cooled and collected as liguid nitrogen in the air
separ ate?‘E?‘Ft?fﬂgats e PIYSGRITONAY Hetdtdedt ﬂastdaaﬁrt«fg?gm?gt s

st reangpd b 1§ oPHRSARal BLRGESS My &XE RN oRRd oMb ol I8 damSi.eam to be
cool ed or by exchanging heat with™a portion of the |liquid nethanol product,

as desaempaauienof3Diaast OPC gmtirrdblpet loast 300°C, and hser tompganye o9 °Aiardesgas nmay

be conpressed to a pressure within a rgqrhge froml MPa to 15 MPa, or fromb5
MPASt o °1 8t mpsf BOGFC.1q5 2t BONPRO°E rorz Mol Frefit at mase S g enat gyt 400°C,

2010/ 0%93 %@%yaq‘;%gg'rg(u?g Qfo f%g'm 200°C to 900°C, or a temperature of from 250°C to 700°C,
or from 300°C to 600°C.
The oxygen-containing gas may be heated in one or more heaters to a selected
temperature at or above the auto-ignition temperature of the combined washed extracted gas

20  and oxygen-containing gas in the presence of a selected partial oxidation catalyst. The one or
more heaters may be conventional heaters for heating a gas, including electrical heaters and
heat exchangers. In a preferred embodiment, the heaters for heating the oxygen containing
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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containing gas is conpressed to a pressure within 1 MPa of the pressure of

the washed extracted gas after any expansion of the extracted gas is

ef f ect ed.warnerogo(se”) to conpress the oxygen-contai ni ngPgaasaep/ob@pr ovi ded
by expansi on of the nethanol product gas through an expander, as descri bed

in further detail below. If an expander 6 is used to reduce the pressure

50f the extracgted gas. ener (e-) produced by the_expansi on of the

oxt r ac v gLEd ﬁﬁgvacgfrdigfsa% ap 30a it BEqING RS G e ECB AR RE R YRS

The OX)égﬁt'ain%Eg‘%a%'t@ 808 fonl the hg&fo%}b&?s & theTRGlcatedrictdd oRlis RROMEN LhE
auto-ignition tenperature of the conbi ned washed extrac%ed gas and oxygen

cont ai Mrefgrahbs therpxypen-cattahingigs panixed withxhel atabled exgagedgasli8 anpmtonat
presence 0(:119‘[6‘1 gartli alt. ox%' dat i og\_ cat al %/st Yo) %he vvash[ed Oeztra ted gas may
be par t1gl 190 B% AT LT R PHESE Pﬁ‘laé)ﬁ’ YERLIEM O FYAL I BNOPEREI BF 13, As
not 8d aba@nRabbhdlin'tRS RESHedleRtrhdtd YRS DB DI4aG 2@ thaGla®s, drReleatttoas, loghi ti on
tenperature of the washed extracted gas when conbined with an

oxygenleash-ad.rindds gfamost §,99%aer aterest 0199, praat most@permtahmostD.-8he activity of
the partial oxidatiop. catalyst . in the parti al i.dation.r r+13,. and nay
be a tenper :ffsusr gwéflgg%g'ﬁe%rst{js‘%(% ,Ovﬁcf?eéifaesraéﬁ'%i/utgée ngghsf uggblgw%%l%nT S a

t enper atdyrte RdvieDLEs BE ok @&H, cohbdin@asfiugBUAEA1 0ot thd ailBBRl béP&Co Duniat nost
600C, qr_ at nost 500C, or at npst 400C, and nmay be a tenperature of from
200C t & foperparagpg exyemIerm alios fgrenfichipg Ssoryesn ot obairs F¢lesatse t o 600C.

Theooxygsn: Gﬂ{%t(gcbrgérpgongﬁﬁinggﬁs,l%ﬁhaeﬂﬂ %Q}/%e@. ARER&S aifTBF SutiERLiS> O%’%e?he

sel ected tenper re at or ove the au ignition tenperature
conbi nethyiesthé ¢b ¢hx tfirstdic ek xghm g2 Dthineh gh X ing eld- dtatead Sinag bgasedi to coiteolpliesence

of a selected partial oxidation . catalyst. The one or nore heaters . be
convent A TEev8FEcanpiniig 23 de’éo‘g“é%ﬁ? IR depipstgs-&P aatiFplag o H’é&’ct@gg‘yeand

heat exghandss st olybef iPIRIRYEGAATRAAL TR caltif EANRIGAIQARARH g the

oxygen containing 'gas are héeat exchangers. In an enbodi'nent, the
oxygen-<suatted gasrig lagathanmpe by aheattédnd 49 maydepeedtoudircothe flovnefthOGrt o 350C,

or . from150C t0,300Cin a first he exchanger . 25preferably by
ex&%}ané’ilwgsﬁ%aé? t%ﬁ?‘FﬁX%gCBOSFP?r%OIb?m%g %rQF%A; e&ﬂgtér oduct gas fromthe

catal yti c pamkioloddodalinif LAY BE hdaded DURS AAWBEL kYchah 1@@5&%&&%&& i ni ng
gas may be heat eglgto a terr%grat uj‘r]e of from200C to QOOC,Q&or from 2 Oc%ato

700C, deattwignihgoadation BOYESt 595 bived be cavhtic patishaxidaten exbhaxgsns 17,
Pt RIh, SRR URDASL D 0 RO 000, B ) A gt g
gas i s sadondtheyd dxbhdngersigshedge kihé 8t fadughs Hebtighbydtbige of heat with the
20  oxidation product gas in order to raise the temperature of the oxygen containing gas to a
temperature at or above the auto-ignition temperature of the oxygen-containing gas and the
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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effective to partially, but not fully, oxidize the hydrocarbons in the
washed extracted gas upon catal yst-induced reaction of the m xture.

Ther ef or ewotzhw/sa¥sgen- cont ai ning gas is mxed with WD PCT/US2010/020094

2010/ 080752PCT/ US2010/ 020094 t he washed extracted gas in an anmount such
that the nmolar ratio of oxygen fromthe oxygen containing gas to carbon
fromthe hydrocarbons of the washed, extr. %ed gas is less tha

Preferably, [ ARCHROYBIFNE SRR APHYE i vt ﬁ@&ygﬁft%nfaﬁ@n%vé%%%@t &t ract ed
gas in @ph&OWAked$ Q{'% fidab of B@rlﬂg)lle%tlJnaJﬂtﬁ)e Ofy ¥ ¥ 8RR 0s g 1RV S8R
contai ning gas to carbon fromthe 5hydrocarbons in the washed extracted gas
is at lesasdtedgas. diheateaimgasy sedydbto iohibetthd masati@n &, cadronatepbets thg. @&lytand i s
at nost 0.99,. or at s;, 0.95, o rat nost 0. 85. As
shown. P geiaforepd Rl gk onghe B BEosseRgaEREEf eam ¢ hr ough 1§ ne 39,
Thesai M BRY¥mBEdiReaY istath Bsy MdQJIGKDRR ok PiindioRtaitngass dndrtReighstedne 41, or
the air may be fed to a unit 8 for separating oxygen fromair or for

enr i chiengadterbanpyige e eightrimgtpagfal artdatl%rea@mquombévlttammega@%y@éw
contalnln Lther air X nrlche n oxygen,
my be Yotk P B b Ao RIRG SIS HER B ¢ pfoTYPRLAROL M oy B

used t @x@@md &ds abh@dfn@tte tﬁd’t@llo‘ivh% 9XY1@aN 2Cen tabni My OFasSH,s+ Cat rwhgiced into
the process, 1n particular, to maintain the nolar ratio of oxygen in the
oxygen Skamt iapfdeddor s Puspasa phyHotheiswl refermatintetherstsaRsman be pddedfe thect ed gas

tophes %m&&%‘oﬂﬂ@ wadidld% aéltZd gg'sdanﬁgthm fi CUﬁﬁgllﬁé)%Sgllﬁ Gf meﬁgt sfukl?map het he

air 15input streamto t e oxygen separdtion unit or aroun e un
The oxygem ispreseithn by ryasureyabanbeatoedp ital3 e % off the ntietate. éWhhaﬂg:ﬁn i1 by

exchan at wi th the oxidation product gas fromthe ca tlc parti al
oxi dat %ﬂﬁg‘“&? He RIYRRsE H?EGchﬁFﬂ?lﬁafog‘%“%@qw%gﬁ%ﬁﬁ%ﬁt‘%@t’{ Hgas, and
may subseRueNla¥eB@al 8 he OQgﬁenQJonfmﬁﬁg 88698deheplo ﬁ&ﬁﬁ@-ﬁ%lﬁ ratlo bir ough

line 51 for further heat i ng exchange of heat with the 20oxidation
pr oductstegmstorcarb@ndmn hyﬂroqtrls@suh eheteasped axteaceedgfas (HeO/6Xy pefrereasert thimd ng  gas
?th or above the auto-ignition tenperature of the
§§ g"'gas and the washed extracted gas in the presence of a

sel ect ed partt mﬁtze@xgt@h@t haf be bAbksied tdAGrEXYGENIIERRTRRiIfRG gasPImyIst hen be
fed fromthe one or nore second heat exchangers 17 to the catalytic parti al

oxi dat NP e iero? M3 tpdp MBa.ar ya 1¢¥fRay In ageebeadimeat theosieam isrontpsesiedved 25
extract gges%% vl'nﬁ{l ‘f%\gpif ﬂ%e ﬁ?esm% OB WP %&%e ths A& aﬁlg;%gﬁa%}%% g

extract gas e€xXi nore secon exc rror to

f eedi n@gxtri@edpastivieffedta. tElﬁ;rglﬁ(te@Hyt:bmptbai theateaﬁmhﬁiyabet pmvrdeacbtycercpdrﬁld‘narf
reaction. tironally, though |ess preferably, the oxygen-containing gas and

t héOnadhrone ﬂlt‘rlé)é‘t@&t gaééhr?&gh Bl CRR3REE! pt @%Fﬂ‘?f@ 1ﬁé’altﬂi1‘°ﬁ efidbelayy Banheat ed
toget h%ﬁ)an(a@r usQ@t(ﬂ]ﬁéﬁ& b kf‘erssdrg'bf @lekHall&RLdNehLRAF I )9RSIRERBY B! V. €. 9.

in the rst heat exchanger
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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30but prior to further heating, e.g. in the one or nore second heat
exchangers 17-where the mxture is ultimately fed to the catalytic parti al
oxi dat i orwpeaowmsn7s23 for contact with a partial oxidati eoTast@owsi94 o

i nduce reaction of the m xture. W) 2010/ 080752PCT/ US2010/ 020094 In an
enbodi nent, steam may be mixed with the oxygen containing gas and the

washed extracted gas prior.tqQ or durin action of the oxygen. containing
gas an_&r#\!@e edisrbdcgn i %;fgﬁ?@a%éxcf%weg%ﬁﬁﬁfmnwwat wtﬁhﬁ idatiohe

for mat ip0ef o £ ERRdBPARI datal it fdial GRIALYE bEMRRK | co%i‘a!iﬂﬁ% bQMafiepst or 13
and/or on the partial oxidation catalyst. 5 In an”enbodi nent, steam may
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met Banenﬂeay e @¥chabkiebadas oRide@sicAdot P3 foenikdklvaw Mg ok pastdogniniglHd + 02
+ H20 -? 5H2 + CO en steamis added for the purpose of autothernal

r ef or mges & the Reskadecxitiaptay ehedyigagaqtiont pranaObainktedrveithogithen er bedh e
extracted gas_an he ox cont.ai nin S in.an.amw h_that the
St cam 19 pR0aRRnL B, SRS, SRR DG RR oy RN BB B Ry B

m xt ur eatalie paiiadagidhoritehd tbZ E3Ifdr efactib® Pukasan of fea s dichae samoref or mat i on,
t he amount of steam mixed with the lic washed extracted gas and the

oxygen SeoRd i srghapssrsild fopfusbebbpatine ghe vire nayris heated dpiterT o thergier o
can gon (é'g g&f&%@ BQ&%%gfgiﬁgeﬂﬁ%yteQala‘P@ﬁQ‘?%?ﬁ%&ftﬁ QgBﬁﬁ‘mQﬂ%he( &&dag{é)%)r(?c{ucg gfs?‘t er

than O ess t I ze st eam may onpressed to a
pr essurlhewtsulting steanamge bé faiditecWpPao the chiSlyMegartal okidatiobreMRar 1Dfretm tMPa, or

to 10 MPa. In an enpodi nent, th team.is conpressed to ressure within 1
MPa of PHE' PPrESEEL? Rat preda %i’éaﬁ% &Y ’ngt%‘eé?eﬁ@rm%)h Aéthn of the

ext r aCteffle/ 3R HolSthe bk fEhtDntaliSE 9% dnl/ok theOw £REP E?t%a%tédkkfﬁas LB REYnPthe
provi ded by expansi on of 20 the nmethanol product gas through an expander,

as desanixbeto the fatnlyHe patiet exitlatiyel roseton ¥3 fanreagipemder 6 is used to reduce

t he_pressure,of the extracted.gas, ener - rodyced by t.he expansi on of
hdSoxt r act e geReRas Ve SEh B B ) hehpl Dol PR SRR s PR URT ey of

st eam payiABlY @tke OmeyBe AfixdMIRn IR RLEoPMDBRIcaRKERIABRY SxidarifieRbcbhe
steamto a tenperature of fromat |east 200C, preferably at |east 300C, and

to a tddpdhamirersiegasdencf awhen axzed, by thar raspied iIB@DEXOtermig caidstic oYM, or at

tenper ot S ab e g ByisRio PR AR BRI dythc pERRSERLMEETRY %o
f r om 3R atDy®OfLctial oxidatioh feadtdp18f @he edidatibopiodRittgas vaitsins the rédctidam may be

fed to the first heat exchanger 11 through |ine 55. Water or steam nmay be
f edVi niPgrdusts g diedsaqtion O gRYEER 1N eetxyRphecnyinig g3hardhydiesabatsupl ed to

line 5 artf%ﬁlaglg%é%ﬁanfe,e Jflé QIR At ded gaL Pﬁ?é GRARgET cffgxng feisﬂ{l% ln¢ used to
cool the oxidation product gas or its“water-gas shifted product as
descr i vedhdubdxonactet! noudichlis mebsGibtinky wirenmiye bet epedsatht weildyticoreaetained to |ine
55. The water or steam may be heated to. .
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:
CH4 + 1/202 — CO+ 2H2
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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WO 2010/ 080752PCT/ US2010/ 020094 produce heated steamin the first heat
exchanger 11 by exchange of heat with the oxidation product gas produced by
t he cat alwOi2010p®ots2al oxi dati on of the oxygen contai ni ngCgas2@nd2aobe
extracted gas. The heated steammay be fed fromthe first heat exchanger 11
to the one or nore second heat exchangers 17 through Iine 63 for further

heating, or optionally may be fed 5directly into the catalytic partial
oxi dat ron r dRECBHAES feaFioh RiMANHNES 2t %@%éﬁéﬁt%ﬁv%h tﬁm&éf gREGEY t he
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car bon Can@IREEIs e SEREN iﬁ&%%%ﬁé@%ﬁ%@%&%@%ﬁ Ippiead! tpgefg%&eant ially

_ el i - orain th
unr eacrtérﬂufeég)tg#e (%fﬁfl@'{)ﬁﬁatwheprg&ﬁg gﬁéu Qﬂd/'bte@%dt]ﬁ’églgg %ﬁé; I'raﬁ!i) SPHMedLra@Bifth@i N the
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20  effected by mixing the washed extracted 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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WO 2010/ 080752PCT/ US2010/ 020094 The oxi dation reaction is maintained
at a low tenperature such that the oxidation product gas exiting the

cat al yti cwpanto/b75exi dati on reactor has a tenperature ofPCIABDI0MN20006S, Or
at nost 800C, or at nost 700C, or bel ow 600C. The tenperature of the
oxidation reaction is maintained at a tenperature of 900C or |ess, or at
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the oxygen a?t%ﬁghsr‘ar{‘cﬂmggﬁn gnoths arbon dJfi hﬁi?r ga%%tfs Wivd Quehilie %Eaﬁ,glcct ed gas
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4) adj wstivingtotdifecr alidmioaf(pirtiel) bergiroadrborf pdriculddy axyges i6 et raixtisgt gas to
t he washed extracted gas to decrease the anmount of oxygen contai ni ng gas
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effected by m xing the washed extracted gas and the oxygen contai ni ng gas,
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and oxygen cont.ai ni i talytic partial oxi.dation.catalyst,
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cat al ytch@alyRepdrindlr, WHetkih h&indt fitedd ¥Fdrs kSlildiddyr SERESANGonsand 25P€ ap@it i al
oxidation is effected by contacting the m xture of washed extracted gas and

oxygen atont ai ni ng 25gas with the highly reactive catal yst where the mxture

has a tenperature, of from 200C up to. 600C. As di scuss qve, ..t he washed
oxtract oo gadeaninehul LRTERREs R & AE e TuiaR G Shal IS ¥tk mmy be
m xed pkidatioh Gab@dmer the ehitre dfeh€ dh el ek Gadied %ds&hd@la{d Shlgk M BoritgiaiioQias 13.
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opt i onaPayybest eoanentipigl pratialpixidagipn gatadysidnving suifecienicatabiticachuifs fogttegki dat i on
reactor, _13.:-pri.Qr.: tc]rgra | i . j oxi dat i on
of the Oﬁ%lg‘?: g%l%%%go p eg%%%ﬂogg’ I%a gcu\%ggﬁé%hé%lp attlcl:% ed' ugljr-agg £ %gégﬁ%éégtg%enﬁuct ed at
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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

20



WO 2010/ 080752PCT/ US2010/ 020094 washed extracted gas and the

oxygen-contai ning gas, and optionally steam may be reacted may range from
1.5 MPa twoRbBioMBass2or from5 MPa to 15 MPa, or at 10 MPaCT/Niseopne®sur e of
the m xture of washed extracted gas, the oxygen-containing gas, and
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the oxyggrRAi6PMaadisH HAndaxtuie & thd Gzﬁi}ﬁédr&é&étéd/gas%ﬂ%ea&x;%éh Q@ﬁthﬁ%{h Cg%Tsa| yst
having sufficient catalytic activity to ef oxi dation (partial
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oxi dat ifgn @fw{}wdslogta@mmﬁ Bbdit@npiena im@s of 700C or |ess, or at
tenperatures up to 600C, is preferred in the process of the pr esent

i nvention 1)Thgioneer migee %frlmﬁﬁﬂltﬂuaé&w@etp}seg dhrt parfialtorrédafian Katalyssanpabe ed gas

may be 0 Fad | dation
e 0 A SOOI S SRR ST ML Rt Aoy S|
t her malart30@ nel@gde hess anehefticusy led@QEL&Ih)ats Isﬂlc@,adhhmﬁia shdatirconiaghiect ed at

h| her t enper at ures. Such highly reactive part| al oxidation catalysts
corl@wt%@s thereolorHighradloy atuariga cenmpinipg steel. \%CWF&@ §&Qct-bire mmaseHahe

8623%&% b P 1Bt et SR a0 s i 1Y it o
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catalytically active netals of a hlg reactive partial oxidati on cat al yst
may be SR nRYQdY 4jreaBiadiaset wHagterg rﬁl%t‘EZFr%aW%éﬁﬁi Ly wibdizse by Ree net al s
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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

21



Snetals 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 pm or within a distance of 5
pm of at |east one of the other catalytically active netals. The adm xture
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The one or nore cat al ytlcaﬁ3 % active metals of the partial oxidation

catlal yspd HW pdiuaeiodsiivey weight Félognayaheigtthe mpes @ﬁfrwatoelr foal 0. gy fre@chatques
known ish t ﬁmq)rfg o3 n one enbodi ment, 30the one or nore catalytically active
met al s "of e partial oxidation cat aI yst may be deposited on the catalyst
carrier mat dheahtabyichlipaegnatdidn of the@atal oxidatioresatdhgstinmyrbegnsdcededmvith one
or nore solutions of the one or nore catalytically active netals, then the

car ri e©"f RpPSEHALEAN RSB 80 7HERER/UGINE HYO6SGORCH ¢RIOPREAZRE or nor e

cat al ytbieakd Yroﬁf:@bl\ﬂﬁmg@t §-|45 198 dbe FrchePertdlid @ﬁlﬂé Eltfk?th%qzhﬁllla}fﬁdes ®pd then,
optionally, the dried catal'yst may be calcined. If the catalyst conpri ses

nmo2e t kasmpleeAt MalArt T &kl Kf, &ctanddBaywthate, Zitik pretﬁat@il ylthieak loy meee invegamist al s
ey, e SRR Bk P TR R B S oty
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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5sol utions 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 parti al poxiusatiooeoogat al yst
conprises one or nore catalytically active netals in any suitable anount to
achieve the required catalytic activity to enable the reaction of the

m xture of the ox n .containin as. and t he washed extracted. gas at a
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600C, QfvedtionB2tavaiPife c&ﬁm@fciﬂ@?ﬁoréQ%gplgv{ ﬂoﬁ@[@@ﬂ\&}?ﬁ%mpatn ergrasti al

oxi dation catal yst conprises fromO. .%to 10 % or fromO0.1 wm.%to
7.5 wt Nerthehase AivenHoostomplremac Atl0yUBdal | y active netals. In an enbodi nent,

catal vt cal 15acer b8 pol oY TR R Db SHaTES et bERAR 4 £r om
0. 08 WoxYednohthinthg ¥a9hind Bsridialy k@hmOhe dalda@bn pridattyst is bRRANEU fBA) the
rhodiumto-iridiumweight ratio nay be in the range of fromO0.1 to 10, or

f r om 0.catabygicpartigt oxidagroreactpplI . As noted aligwe, thgroxidptipe arddyciges imgy hise al s of
the partial oxidatio al yst _may. b spciated. with one or nore inorganic
motal cpHEre e § 003 i e iodal RGeS Sndh bteChly e BeBact ea r r om
Col uMglickide3 andtoptichallpB@ah4 of the Periodic Table and the |anthanides, for
20 exanple, A, }I)\/g Zr, Ti, La, H, Si, and Ba, where Zr is preferred. The
one or nor e Thaerifarpe praduel 2as 4t ysod s pigedpieck fariarracthanplapggedctiivadd i n an

adnpxture, with.the one or nore catalytically active netals of the partial
. .produce erhan 1. ; ; ; .
oxi datirfon catalyst, where the cation to catalytically active netal ratio

may be in extessidafio®prodgetadas thybeQonditiodeddpridito Beilg atilitddenssiteédrekabr t he
catal yst. The partial oxidation catalyst used in the process of the ﬁresent
i nvent iPsefugirg aethanel 2Bhs 9xidation Riedess sppmay beFonditiened hyonsor fpse gpfitie

extr aC%?e?E,QHau&Hg r15 Q@ol%XHee%fi&&[Hngqr @dkﬁ g?s?ﬁnd %j;%%gf%ghg g%'téorégtﬁ "sﬁ‘i’tm to

cont act e one nore“catalytic ve ionally the
associ ataedownsingthenxidation prghiet gasretadtedsaick onmcreace thhatydagpacdrtalt obxiedat i on
reagti on, of. the m xture may be effected. For exanple, the partial oxidation
catdl y SKidaHon Bodiet §8%e form of a porous nonolithic structure such as a

honeyconb orrg okRARbN rdduXefs BEY HRfcosRE R ¥8¢ oPAblel stdp8 %o adifstaRe ar r angenent
of netal wire or gauze, or conbinations thereof. WO

2010/ 08020 fIROIOAXRGOYdduct gas to a temperature suitable for converting the oxidation
product gas to methanol, and, optionally, to a temperature suitable for effecting a water-gas
shift reaction in the oxidation product gas prior to converting the oxidation product gas to

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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Catal ysts effective for use as the partial oxidation catalyst in the
process of the present invention are available commercially, for exanple,
from CRl wataloso7sConpany, 16825 Northchase Drive, HousPomuSTena09y060,
USA. After catalytic partial oxidation of the m xture of the washed
extracted gas and the 5oxygen containing gas, and optionally steam the
oxi dation product gas is renoved fromthe catalytic partial oxidation
react or€ay 2 eHae ks Seidatisghodich gavikeliar eﬁ%@&epp i G PRIty Water-

t emper Sl pidBui a9 GRE b AR Iddt GRIPTIGRT 0Pl HNHEOSR] or SaRBRB0TRACKI de.
and ca %on é?o&#ﬁg,%%ﬁgﬁggtloné%ly steam ° hé "oxi dat i on product

gas i s ausest 49°@, reedslso330°Co6r @ nidt DT, at Atanodt 88010 priortto cdfheptimdtie e
met hanol . The oxi dation product gas may be conditioned prior to being

uti | i z&didason produeisas ok WRisE-gpt dutied pgdatianapeict eavie nesthangli on product gas
may sbe condigf g@?&&r@&’erﬂ&?‘d&&%@g cfees&%éd%%be %ﬂ@&ﬁdatidﬁ?{{?ﬂc@gagﬁlaff}g ing the

oxi dati on product gas; an cting a Vater-gas eacti1 on using
t he oxicdaled by epelndgiai hgatswialsthe Wakebdaektet @as, nadeage dxygehyuditdgiap gagnt ent

of the 15oxi dation product gas. The oxi dation product gas may_be
cool ed ANf/opHeargn %rfgsté%eébw?%}lg&ajlhg@d/% e OBfrpbMAteEost hqah%“g&%fé% 1£n

pr oductyg3%idafof ploRAS 8 iy Be bl Bl &plt0F0FRMEE b k8odoRe o O Bddoed. & oduct
P, ang?%% 3 6 & t enper é8€§5 o)

gas to nethano ptionally, ature suit r effecting a

vat er - gpso 8b09Q, of eped 3GUIC, Br G® IHOPOAd PNo ROOW G ufdS 1 FIADIN thOfiLORMET i Ng

t he oxidation product gas to 20 net hanol. The oxidation %rqduct gas may
hav8 a cxelinpaeradlang/asfthe ongrarrowe segond eggpchangersflio dp 20 0@bagimest. 80C, or
fromb5 0 f [ 4 Lon: t ont ent
oo S5 PR gk AP EaR o I L NEOL O ot N RSP 0 0
whi ch rghdicexefated icadamt tha oS pledcioaditiegper atdisg@ionally keamanga tempémaine 200C
to 400C,_ and if the tenmperature of the oxidation product gas is above a

sel ect &d froenfi atuprte 9PYIC prgetring caolzdwatcarhagginedisnt vith ircwfrasied ere
Oxil dat Iaﬁ&/op {h%%%géer?ﬁo%ta%x %?s gn%%regeahloinj[eht% J,St?lle ?ﬁzgt%gatte?c@ﬂﬁlr glt H & d/(!:rutfn% her,
in the process e nvent: on. the oxidati on produc ga§ of P16 WAt er - gas

shilft ednpbPHIES seCdbiEhoNaERIhafdss $TNiaht @ds P¥nfiRidteR JIFREIZE0°gas)500%C,eenver t ed
to methanol a selected tenperature in the range of from 200C to 300C,

t her ef drom 25¢°G thel 085G dfitri temguroothddty syl heat ekelmngmt er - gas shi fted product
has a tenperature, ahove sel.ected t erature for copverting the 30

o dat 1 on’ pibat Erbgaeeg TSt oB e St s SR prERetRYES ¢ o
net han@boelel B¢ hextiestaldn@B withQgMet s@@S, Bduid hirodeh BonOMs afRbpdrRtbrnid8IGE Must
be cooled to the selected tenperature. In an enbodi nent of the process of

t he pr etentodlamenivhon; mpreethos ihdatteixomngens dQcprefeaygdly by at most 500°C, or at most
20%8/ 0%88‘58 Egc/nyoss%g&(gyc(,) %(r) gtgn%ost 200°C, or at most 100°C. In an embodiment, the
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, as either the oxidation product gas itself or as the oxidation product
gas and/or its water-gas shifted product gas, may be cool ed at nost 700C,
or at noswo@o@sowe at nost 500C, or at nost 400C, or arCrasRo180QW094 or at
nost 200C, or at nost 150C prior to converting the oxidation product gas or
wat er-gas shifted oxidation product gas to nmethanol. 5In a preferred

enbodi nment, as, descri hed above, the oxjdation product gas y be cool ed by
exchan@Pg]dhﬁQWaW&Wog‘l’fé g%%‘@ﬁ%&ﬁsrsg‘b#feé@%‘%él,og% gt &g ﬁ%ag%ﬁé‘ﬁ cont ai ni ng
gas, and{ifradteael fiov Pfe b the a8 adiefX ARG roddh, BPIMEF cdolbfit Wi Bhe BPT €

second heat exchangers 17. The oxidation product gas nmay be cooled by up to
700C, @norg phitdohe@0@ChaggerufP ey 500 traled by admsda Cthikhaapexaba®@dCpolamt up t o

250C, or, up,to C, or to . 150C in the first heat. 10exch er 1 nd/ or
Che ondhsh A 65 o8 e BeerdeRen sispe rroduce o Ebod TR gdichat f on
pr oguctyagasthpekiad shted BRIdGRIApYHEG gRAIN thabn®i Matel tRidd heaekting&t shhe
m xture of the washed extracted gas and the oxygen containing gas, and

opt i onahdyybested snihe fias hgatexghangar Greughflines 6hpaddTtageol Biegaddatipn psrduco bei ng
cool ed . e ngi eat wdth th Xt rac: s an [t X n

cont ai #ins HESRORISERRN L Il Bt AENTH: SR Al dbed el hecs o

t he 15 10ngndab bewiiiRed @ixh it Wedtd exedutnigeisaind the aiydehasntaintingngaeirather e of from
200C to 500C, or from 250C to 400C after being cool ed by such heat
exchangatalytic partia] pxigatiinisaetident , t he oxi dation product gas or its

wat gr - gas shi . IR . 1 ter, steam
| cl|g| dnit rgféfé‘%g@’g‘?]@%ﬁgt% r gge)%g(r%g?{legﬂoﬁﬁ? P %g%tlcgfr(ﬁjg?ﬂg%a%%% g}é\? in one or
nor e t hinarehshdhy centedtaggke sxiB&jonpredet aid, ¢ vioyeragas wist cabOE, andrsteatn arast
20400C or at nost 30QC, _or at nost 200C, or _at nost 100C. 1n an enbodi nent,
the oxiteaRSMHeRdERR £0¢Lstogt00PE dn paater-e3s shiltppactsd LpMBerg @dditionglsteanhol ed by
heat e i t A : g pni ng gas,
or vt Sy ac i the e B AR LR oo R T T B o

heat exgliafngeprodhdt, gabd whter-gaadheftl chiylylhieaid @xamh angenipetdiuraat 6om Xioeand

liquid nitrogen fromthe air separation unit 8, or other coolant in the one
or lor d0PHF indthe S ae dufi dengtar I 1 onvavtsrcarhonanesoxisleyandstpamoteihggdragem ap oduct
gas iscgr al gﬁjo ti)é'e ahseialtlo eggchange with the washed extracted gas and/or the
oxygen-Eont & Ri ng gas ahd/ or water/steamin the first heat exchanger 11
and/or the one or nore second hea) +axchan@es $ H,7 and subsequently the

cool ed oxidation product gas or its water-gas shifted product gas is cool ed
by exchdsietheprogugtionpk ydipgears engreatienlly fayared anfamrsgrinres othe frHweHf r

separ at._on i ther. coglant in the 30 ope.or. npre third heat
exenangifL24BC 0%00% gL InGRAN of ik A%aPp SAGHES IRF Bl Mo 088 ot 1 on
unp 8,ga0r TiR fefipeQQE arivhidB Yhdd&ifl@bntpRodute g 16 cOtadted &ith hd WatBLads shift
exchangers 59 through inlet Iine 67 at a.f%ow rate sufficient to WO

2010/ 08erbpPoEfigsyibe oragtonowy be s¢leetpd tandiathegrlagv o mokar refisofarkeat er - gas

shift ecrinoonxoixg ettio ndrﬁégndklv teregl%\sve} %m%e?a%llr%(:t ‘iatﬂinttﬁe zﬁlr%?to? §§Q°CT‘[%%10[)L€ wgte of
t he water, s earry qui nitrogen,” or other coola 0 the one or nore

third heafghexchangvhor e&boRYndaoxiens EabbedioRideadl walsiatGglier tbldrthyagsen
exchanger cool ant inlet valve 69. In an enbodi nent, heated steam produced

from cdFIthgn MeacHLe st 3l Rjgbriiempagasesdn thih emperasve gargegpivitiadowsi dat i on
pr agUthoQ%?sii)l? of &?b%of%xigp {oeca}ﬁgnrcﬁoyaggancﬁ)ﬁﬁpgﬁ]&l’%ﬁnoﬁgr 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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may be fed to the first heat exchanger through lines 61 and 55 to cool the
oxi dation product gas in the first heat exchanger 11 and subsequently in

t he one owormorossmeond heat exchangers 17, and to be m ®eeu/vsealo/ozdees washed
extracted gas and the oxygen-containing gas in the catalytic parti al

oxi dation reaction. 10l n an enbodi nent, the hydrogen content of the

oxi dation product gas jmy be increased. by contacting the oxidafion product
gas, a wat erﬁ@a@@rﬁaﬁéﬁ%ﬁxﬁéﬁmaﬁﬁ Sl %éaé@_ K48 PEHIEF R 200C t o
4000"%ékﬂg%%ﬁﬁﬁé%x§ﬁﬁ$ﬁp&ﬁﬁ&%ﬁgn&}be%ﬂ%ﬁﬁmﬁ&gﬂ§h@ﬂﬁbb%%ﬁ@&hﬂﬁwwﬁﬁmied
into the water-gas shift reactor 71°through steaminlet line 73. Contact of

t he oxigdashifiwathotubhe yatsr-gas shet eatalystanmhddmproanahipgiticaldnactsedansidon a

t t f fr. 200C t 540 i th ter i ft t 1
Conver gy Dan TSR Ex kR s EstEn ook S SeR s oo GF 551 b
f ol 5oWsheif&Riddd2 QSRR tHdde ot he cAtli§tipNIRAieElE BinsdoniiaPE& hnisBion metal

energetically favored at tenperatures in the range of from 200C to 400C
despi t @xideanpr keseippertest orearcdy@ingatitapie. direpniad end/ar sikiea swppeidt fro# pr oduct
20gas. _The .t ture at i.ch the oxidation pr ! optacted with
the. v hPogLETTRebAEEe Rt Rinby Radi PRtk Rb AR Rt FEDUEG T

adj ust paRRulglyabi JHeft PR Asny dfecRd At teaiehiie MROAXI JIECHO 400°dT, 0gRManoweer e | ower
tenperatures within the range of 200C to 400C result in higher conversion

of car lsevbodivrryk ihgecatadyst mal santdinoxingréurgrad GulliS a7 Onw ghaarZngd (28 Shiytdp bgadh t o
car hon (o)'d ratio, angd higher.tenperatures in this te rature.range
redll't ATROT G b mouREeN fOr i rRRR o bkaa! FEETHeR SR e GG Chus
a | owensspat aprefy £l QAR AB:-SAT MANCAROQXE AHpbALd B 4 Hat MMALiS theddsr ahblol
reactions run at |ower tenperatures within the tenperature range. The

presendéd. of carbon dioxide in the oxidation product gas helps inhibit the
reaction goi to c | etion apd conver.ting all.carbon nonoxi de present in
e oxi dat i dResYSeADT SRR ErePOGEN LM atent HeCha ey Hec ey o

oxi dat icgRdREifA %E})rg@e%s Bey, ubpdnldzRtbrahe 36blthgl @8/br %Qatfé&@l%%@ rd@tB@nol . The

wat er - gas shi oxi dati on ‘product ‘gas may contain prinmarily hydrogen,

canbon andthexedt ve brdrbgen aidoxitha raendxgdecpntenydd the 0RidaReY BR2PET/asroi0/ 020094

The wat er-gas.shift .catal yst contacted wt.h the oxidation .product gas to
T e Sid SRR G BRI e BRRPE A S iyt e BXletid PRABLARLRBES 1 D

avai | ali¢efre@niedthignapartal &idgrs rédvidrt13aatiad 1St heal BechaRde? 11 3a8/08 thefdne
catal yst may conprise a catal¥tically active transition netal or transition

met al = OXIMMES 5P head ex¢henethd’ (R1dispt Sshanestwitythewasked eatracted gasthe Ni, Co,
el S T SRR S, TR B b et on
zi cOOoNinAy @endédro Sinkrot the Loy the okida@dh product gas to the respective 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
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enbodi nent, the water-gas shift catalyst may be chrom um pronoted magnetite
(Fe304), particularly for shift reactions effected at tenperatures from
350C to M0Cp104080752 anot her enbodi nent the catal yst mayPconiSain/o20008 xt ur e
of CuO (30-70 wt.%, ZnO (20-50wt.%, and 10 Al 20 (5 -40 w. %,
particularly for shift reactions effected at tenperatures of from 200C to

350C. Preferably th ter-g s shi t al u rte a fixed bed
in t he %5 Hierne 08 g phirgy eatex angP sy\if%al %o&’ c?sjin B‘E?’? g’ﬁé‘ P6Edes of the
presenteoh YR ﬂ@@o@?ﬁé@@da@féﬂ &Hl"c?Qa sHRYm GRITHNCHda DS e el 1 P48 ER v@ﬁéﬂ Iy,
dependi ng on the cooling and/or heat exchange required 15and the relative

hydrogshlfmdctclaﬂbdm mrmxmietlummeentxomngemeﬂ)mdaﬁlﬁmwcpm@&uct gas to be

used as a f met han ed a oxi dati on

broduct gas G PR e Car R RIS R e B0 Bt rS BRGNS 1o
t hesfi nstredi@ahe Q/)éféli‘-%ﬂgﬁﬁft lcéacaﬂd’/l%roh@l@hﬁéke)m 101Rhe 78 e&Oﬂﬁy Ihe@dd @&ﬁé\&&ger S
17 for heat exchange with the washed extracted gas, the oxygen contai ning

gas, ar@ﬁrr@mﬂmddlleasﬁ@hms Wthewgh linend% 108, Zh81 2nd 83matheuipasyiss e3 and 25
20ma ro of . th t roduct _ga
respect it FRiRoLRAid et Wplaife Siuck Ms PANGEARTILE BT ocRBRh BHIR,

(not shewagtot 8BS f@)@odeémﬁg]tmrdodlwtoxgﬁaoﬂpmdlaet dagto ﬁh&tﬁahhleplcaﬁcalgy§| c partial
oxi dation reactaor to second heat exchanger for heat exchange with the

washed ﬂ@fﬁﬂglalélﬂeéc?ﬁ’g&l 79h%5 3RY §é nidsnt %Sﬂn&&eg%?@led%ﬁaaﬁﬂ PEIEFI 82Sst eam  and

t hgocoql B, }f ‘%]e% Qg@ :ﬁoxgﬁsoﬁ éBh & hok HEER 8%5 £X§9aRGRLs My be
fed to the first t exchanger urt er coo y~exchangi ng heat
with t ﬂ63m1119h95l aadﬂ)ﬂamﬁ;elﬁk @asxedttbeomtxgdghmﬂowmﬁt}&i cmmhaglog@odlmngascprm dreal |y

st eam he cool e datl on uct xiting the first heat
exchand%“ronﬂ“eﬁtﬁc%"’élg% Eoot ?W@teﬁéﬁg agacgq%ﬁtt &]eP Fwi?elthfrﬂrhﬁﬁtgh | i ne 75,

or, maybent&d shootiheneRetgrggrore third heat exchangers 59 through lines
77, 79, 81,and 83 w thout passing the cool ed oxidation product 30gas

t hr ough t he Quitoeallygdst kski preferabdp it oXidatiaarpradct bes ipassewblad ety t o

tor for ver XI da roduct gas to a ne | .gas

Suciexpgt gt gatsd dbife B Bu RS iRk 5 B0 RORE w3 e
OXI dat i@ theFirotihatse &gl Hels}tr&ugihgmel a7, B@ss &l difectl ¢ @hDthe édtalyOpartial
2010/ 080752PCT/ US2010/ 020094 or the one or nore third heat exchangers 59.

Val ves ogidatigmreagor 13 trjeidier fgywaier-gadjshit @actptﬂb @ﬁfhed?net% andre giwrddreat he
oxi dat 'e?&la%é’r‘g%torgtﬁérea&%[]’@ B c%h%isrh{l?g%hea ctééa Hcg@h{%‘?ha‘ﬁ%f [oas

shift reac one or nore
react ofpr&fict. The oxidation product gas may be fed directly from the catalytic partial ox1dat10n

20  reactor 13 to the water-gas shift reactor 71 when the temperature of the oxidation product gas
is from 200°C to 400°C and it is desirable to increase 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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Simlarly, the cool ed oxidation product gas exiting the second heat
exchanger 17 may 5be fed to the water-gas shift reactor 71 through |ines
99, 101, woaoidsomse, may be fed to the one or nore thir@Chastoieneivangers 59
through lines 99, 101, 79, 81 and 83 wi thout passing the cool ed oxidation
product gas through the water-gas shift reactor 71, or, may be passed

dlrectl ctor 89 for convertin ooIe OXId pr oduct s to a
met han& &%886 tigi Brodetay HﬂaW\{’ﬁ 9‘8 rf@&&le ?Qta Y85 Paﬁﬁ‘ﬁjo’@ AR 5BTET ﬁﬁssi ng
the coqbafd watdakisait RLQAGLGEGRIint 079 LAV BES Wl%ré"@atlv?ers?ga% /i 7 1p9apgor 71

or the one or nore third heat exchangers 59. Val ves 103, 109, 95, and 97
may be 188jmeytbechdiwteddntontioltheefléw ofithsfoxidution prabiti o fmdmciata@ets Hartorh t he

second he exchanger t he ter i ft act or t he one or nore
Chird RABRteS KRARTES to 66 wa ets PRy s idsBh bl easutity Foes

prefer abkyted g @K catalykioPaRaPeKahti @ASadtdr 180 thOBhES Ryreliiad hddeexchange with
t he washed extracted gas and the oxygen-contai ning gas, and optionally

st eam ekehangersthrpugh kies 79e0d8d. nsthe exigdhtéomyrioduct Ragmay by dirpeted fosthe e
di rect lré(ac{or%g"t I‘Olel lgﬁ}eqm%% 25 af# §% I ﬁlowot)éltgea %1rs? eagllicpﬁ a%‘g ch?ln g TF & he
wat er - gas shif r'e he ‘One Of nor e %ﬁ d Heat € an &r's 59, or

t he reaokmﬁdﬁqn%aﬁdﬁnﬂMﬁbﬁnggﬂp&&Q}nﬁdnﬂn on product gas to a nethanol gas
product. The oxidation product gas may be fed dlrectl¥ fromthe catal ytic
partial oxi dstGeBRe BBy Srin £ertdip empadigentsyof dagspropsss ©f tedBYG oTICeHREN t he

t erper
deg?ra%fEE?g&%ﬁgggngﬁh?%%kﬁg?ﬁéﬁﬂﬂ&l892?&%%)5%3%“%3%&%%$>%%9%%2@gga£ in the
oxi dat iThareforofdinctrigiasmbbdenand, daystem fpratieahg gepromys betht édvediioesdddy from

t he cataly { ﬁartlal éldatlon reactor 13 to the reactor 89 when the

oxi dat MShINGHG8 JRRECESEANNHEME - enper at ure of from 200C to 300C to produce a
met hanol pr g HﬁEmgéﬁme-ﬂh%%agﬁlé WhenltBe Wa%ﬂlg% sIASd BRMatdsh pr8dudighgct |y to
the one or nore thi heat exchangers 59 when increasing the nDIar rati o of
hydr ogeniting theawbion garoyholk redetor 1 hes a thagicratarearithing e¢lettherange dét i on product

ga be cool ed suffici third heat xcha t hat the
0T o e To bl st Py e il B T RS S et Bt The
oxi dat ipastuRt RdesdtorBIS tHERYe P chBlngihe SGlidry; %?E kRiffed Bﬁldﬁﬁérﬁbﬁéﬂh& gRaid b or

oxi dation 30reactor 13 to the water- gas s reactor 71, or the one or

mor et iard tHgkheabsecohargsey 39 BEd not be ﬁ@ldﬂé@ét @rth@erb@pddmm@cther@ge ©Ohaofg ow of
the OX't@?ci hay e;PJh% ‘%% 59%1%y %difﬂrg@ttﬁé’ e%{%% %zfﬂ %[nz Y Gotadipg,f | ow of

t he oxi Ion secon exchangers I1 and
invention, and the water gas shlfted oxidation product gas may be fed directly from the water-

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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WO 2010/ 080752PCT/ US2010/ 020094 17. The oxi dation product gas may be
directed fromthe catalytic partial oxidation reactor 13 to the water-gas
shift reawoapidsosagh |ines 79 and 105, where val ves 27PC331S2015/02®%4 107
and 109 may be adjusted to control the flow of the oxidation product gas
fromthe catalytic partial oxidation reactor 13 to the water-gas shift
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oxi dati on, product gas exit.in h ter-gas shift reactor 71 has a

t enper gf(lﬂagowlfoﬁﬁtgﬁs%%“loé%%go &lﬁﬁﬁlﬁwgi%fg%er atures for converting the
wat er-gas shifted oxidati op@rogyet (ggH 0 a methanol gas product in
reactor 89, the step of cooling the water-gas shifted oxidation product gas

i n one vdrermgarkon dipxide heatbeaxeHeasgaeahaggtippdydn st repetianoaefliscisdsesithe t hi s
e di nent. e e or..nor hi rd heat exchanger 9 be excl uded from
ndCsy Srep B8 P PlS kol 8t Fe FRRART B T o e RHECAMTG, |

shi f t edhigiet @datdation proddetGlas gassladtey tbee Fideh 200 vEIk ky 60 Kot hefrovaBerol. Z0gas
shift reactor 71 to the reactor 89 as a feedstock for conversion into a

met hanol ga%- gF BamCTS, vol. % to 43 yolgh teppsdaizabin raterthit rasthansl eayiedarmod no
addi ti ongh gl of gzﬂaL?%ywila?th@%§Q§QOﬁ Brdll& 'ﬁP' gnte'&a{%erpga%%ﬁ&ﬁ?)g?daﬁaﬁ the step

of contacting the oxrdation product gas wat er=gas s t catal yst
need ngetoduet gondhetkekt qundty2)f catten didadoi thabkidatiqr mddadt ggamaebet i ng t he
25catal ytic partial oxidation reactor or the cool ed gxidation product
exilbi n@glﬁﬁsdgvmhlﬂéﬁie f‘é&reﬁtaﬂgésrwﬁam%w PR eGP Second heat

exchangers YfeRajadoh BFIRGE RSN o h v&aﬁérfga% shigle8 %&EﬂtiB@Bﬂﬁu&fgaE &lp@kat ures for
converting the oxidation product gas to a methanol product” gas’in reactor

89, t heeatadgo ddrncontedendhgroding gaxbdeadntaning tiedurddatpagpreduchga avaraer-ggas shi ft
catal ys d anpd, t.he

FASEC T TN N R e R T
nor e t b i eat g RXEFRAGRIEIOR pRRIBE HQmdIebe contacted with the selected catalyst in a

20  reactor 89, preferably by passing the oxidation product gas or water-gas shifted oxidation
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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conducted. In this enbodi nent, the water-gas shift reactor 71 and the one
or nore third heat exchangers 59 may be excluded fromthe systemfor
practici /yotzhw/genmseess of the invention, WD 2010/ 08075PPTN/SUBA01®Y020094
and the oxidation product gas may be fed directly fromthe catal ytic
partial oxidation reactor 13 to the reactor 89 and/or the cool ed oxidation

pr oduct_, gas e fed fro he first heat exchanger 11 and/or the second
heat oXehamy e giDee Fyl I Ghhberignt gg.m ﬁ?%??f:%tﬁ]ﬁétrf&%‘i’%a SRSET ed
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shi f t edilisgi damingntitgpigdeicroniaseris galbip candaixfuepiderfept preferablyl siligat Jusdnay ol . %
or from%@lta\ﬁ?l .%to 50 vol.% or from35 vol.%to 45 vol.%to optim ze the

rate tha 'anol may be fornmed fromcontact of catalyst with the

oxi dati on prigduedulty@smehaid @rotatEfas @as shiiohilgdbeopdssial fir@n thy eauct 8Pasa where
the quantity of carbon dioxide in the oxidation product gas may be

15sel edydpehy ssRastmyd Loneliesd baddetiogaspratenhingheriieHianel Pragids sasmagser i bed
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product ‘'gas nmay be-"reacte orma anol product gas by contacting the
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sel ected nethanation catal yst. The oxidati.on product gas aqr, the water-gas
shi Ft edaghdnigat 6?@6&&@@&%5&%6%&1@39 feafiied ( T VERPSY BT PHANRY al yst
In a 20reRet &fs B%he \Qét%lf-gésaslﬂiﬁ’edm&id%i%ﬁ'pP&iu‘éhgas% iahé @ R pRAMEL ggas or
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t he cat al ystThedydtogdn sepatater kldgueferab§ois efifhesiviees s¢aratigpgriptiivgaohs ptoduct gas

LRI A S T O G R
upon  eXiidheR frekfife. r Bk pRIthe2dRR ek sk asd fromahemefRnolGabaleY hd@ay
conver Shla\?ena gges;[u?ee OP f);:)rga()ti &%apcg %dl\l/JIIC’;, \gliliilse tgfr: mvf\:l?l}a?l(r)l-lgrgcsiuct gas may have a

pressure of from 5 MPa to 15 MPa.

Hydrogen separated by the hydrogen separator 111 that is to be recycled back into

20  reactor 89 may need to be compressed to the pressure of the oxidation product gas or water-
gas shifted oxidation product gas before being fed to the reactor 89. The separated hydrogen
may be compressed by a compressor 117 to increase the pressure of the separated hydrogen
prior to feeding the separated hydrogen back into the reactor 89. The separated hydrogen may
be compressed to a pressure of from 5 MPa to 15 MPa. Energy (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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shifted oxi dation product gas to nmethanol may be sel ected from conventi onal
comercially avail able catal ysts for effecting conversion of a gas

cont ai ni nyoC@o/as@752and optionally CO2, to methanol. SuclkrCtatsadiyse@onay be

formed of copper, zinc, and/or alum numnetals or their oxides. The anount
of catalytically active netal in the catalyst may range from2 w.%to 75

30m . % of the catalyst, or from3 w.%to 40 wt g; or from5 w.%to 25

wt . % ofSCleFie edBrtal §<AIoy cratgh o SuiPRhmay Re selesiad, Pmcla?tafafgqm MSETPHE ude
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Cu, and from40 to 50 W % A/ I'n one enbodi nent, the nethanol catalyst may
be a coppenkilyca dledfoimofmliidysoRalladnen sutplathunoypllowsyardpreforaded mitiaularly

Cu/ ZnQ Al 20 m xt ure. . The catalytically active netal be. supported
on a poRdEReLEF pPERe sl Bdpo i ah Riseindy B bl Fskor £ el taiy 1Y he
sul g ab!h@viﬁq%faflﬁgli SQiracEBledlcoiiodBsorOiis stdihleSPdt&S s@FpopC MER HRadteds @R shié HPE eof
known in the art. Particul ar exanpl es of such porous carriers include

si | i cacambe picpared uping theamethodedinglasedde U. &, Pagal¢.ital 52448 - Fhintfime9ft her eof ,
preferably sili | um . na, .an ifana, The resul tin nol
br ocuc e T AL oy SRR A B0 e ot G SO ELRDE

separ atselecthEImmedall e hiddgeldpeiihagble, Pydsat seldttivdmemdidn@nody {iadhet gas
may be 10separated in the hydrogen separator 111 and recycled back into the
r eact orfoYok hiude it thedydioeaihon oxgeriiai Rigdu 2as pithe BYERCYR Prodleid™s 1t nay
be  part] I r | LAY, [ eactor 89 as an
exégsstr%&gﬁggf %%sﬁﬁ gﬂéﬁop}gﬁtﬁggé&ts eth%:loglﬁgermﬁ&%%l s%%aggg?giti on product gas
or the wat erAlgastishiyf inexth eoxbadiaherof greoguatss,dasdrdgen et seganaadby psadfiuct gas.

The hydrogen separator. 111 preferably is effective at separating hydrogen
as a | G REBRS BrOgHE 8 P P%éyﬁf‘@gﬁhﬁaf‘mﬁﬂf&a&é’f Cf3R" 18 iy i ng
the methapalsPhadtsic@ass He Rodtkgher pressure. For exanple, the hydrogen
separated ffom the nethanol product gas nmay have a pressure of fromO0.1 MPa

to 2 MPa, wiiheenathanohptodact@as mpoidodty lgsstherhydibgerethat imddssupesaft if them 5 MPa
TR S L N IR TR
of the gaxind@tk eRpaied trbughafie Xpa@EeI21 to depressurize the gas and to generate energy
(€) as the gas is expanded through the expander 121. The expander 121 may be, for example,
a turbine, where passage of the methanol product gas through the turbine generates electricity.
The energy (e") produced by expanding the methanol product gas through the expander
20 119 may be, and preferably 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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gas shifted oxidation product gas before being fed to the reactor 89. The
separ ated hydrogen nmay be conpressed by a conpressor 117 to increase the
pressur e WO 20tvssmpar at ed hydrogen prior to feedi ng thePsgpse@vseobydr ogen
back into the reactor 89. The separated hydrogen nay be conpressed to a
pressure of from5 MPa to 15 MPa. Energy (e) to drive the conpressor 25117
may be suppl.ied from ene (e-) produgced by the expander 119, a escri bed
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hydr ogen. Por stai nl ess steel or porous umna are preferred materials
for therduppBriiomflothe 3&ahr ane. The hydrogen WO

2010/ 080752PCT/ US2010/ 020094 sel ective netal or alloy coated on the support
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sui t ablvetasndyhie: diyltkdogetor Iselirect fevpermire of &ss thhh @58 dirdepe thqped0i€abl e,
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cont act at?dl ngroaﬁa%qﬁe dl‘%éesg ﬁ%ﬁﬁﬁlewﬁ&&&%} 1@'3%1#%9{ RA&N298Ra"131 Ohd 11-
vely, I nbo SS, hydro

Al t er nat an e ment of the proce gen I's not separated
by 1pt séiqhidf methmidi @ravdettimapbe priliatdcts dgasibad th morehdethiblgpdow s dpapatcess of ie or

conpressor 117 is included.i.n the system f racticipg th r ss. The
P e B o AT tidne ReRUEkETSUR, aF sEehn BRAS ob AdeBLEEPhacns i n
t he 15 jpathaee! oﬂHa%ﬁﬁire&ﬁﬁin tH@Hyd%@cd@@&fsQﬁ tReCexRAcBY lgéfﬂl%& bdiRoVéad id ne 121.
The net hanol product gas may be expanded t hrough the expander 121 to

depr esdha liqad nigthagakpradertt o generate energy (e-) as the gas i s expanded
t hrough the expander 121. The expander, 121. be,, fo xanmpl. e, ~.a turbine,
wher o' passadb B Pes REDkaor ap Bater tyasiPe o e SRSy et os

el egt r ingdtlhiahol flvEu&asL Gya fils) h@ﬁ@ﬂwﬂmogyromamé figst Ui gidméhan®brqaueduct gas
t hrough the expander 20119 may be, and preferably is, sufficient to drive
t he uninraygbes sgparg@g artai m@hw e@qiuf:trm%ﬂ gnd ipfo 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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utilized in the systemfor practicing the process, and to conpress the
hydr ogen separated in the hydrogen separator 111 in conpressor 117, again,
if utili2®020n/8hes2syst em for practicing the process. TireTasp@nder9L19,
therefore, may be operatively connected, e.g. by electrical connections,
with the unit 8 for separating oxygen fromair and/or with the conpressor

117 25 for conpressing hydrogen separated ip the hydrogen separator 111.
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bel ow tffen BheistiubBerdaa Nhe 033 aet feanab thd songadset £28 @fior tb B&patRimgaraiddosd f or
operating the condenser 123 to condense the |iquid methanol product from
t he expiartignchmal REafyrt e the ebrn digkige contpmingéqddiquidimgthapelvashdrodishe of
abgye . . . !

o or L R P B scrfifle P RO Blrbor I08C onlind methanal w208, 1 ¢ e
condengpesdutlid thayordensee d28 &t fadmwhd fecand hghid miethahbepiodattanheralye ecoul at e
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the gas. In a preferred enbodi nent, the coolant is water, and the water nay
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The_liqui d nethanol product, i C optionally contain sqne ter, ma
be T3 epaPifeairrda3aS o RS i S budRet 3RFr mir Bl R Skl T gh
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described in nore detail below. The process of the present invention is
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20 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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20met hanol product gas is a first liquid nethanol product. The first liquid
nmet hanol product may be separated into a nmethanol product portion and into
a |iquid wethevsh7saash portion, where the methanol prodect/uysermioonndsay be
removed fromthe processing systemvia line 131 for storage and transport
or for further processing as described below. The |iquid nmethanol wash
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met hand I(i/lvé;nsc O?\II%ECQJOTOI 080752PCT/ US2010/ 020094 portion may then be injected
into the scrubbeindimemadb lithid reethimt pedugatay be pisgotal ifdgorwasied
extracted gas and_a carbon di oxi de contam nated net hanol wash_ product,

wher e PEReeEsAbdRe Hrvidinarthangh pradiatdubsiopthiaio Hispoth FOHMEE S cloh 5 PRIE nor e
cargon 1di oxi [ UL i Rri I t he
et ot SRR PR, 0 Ut R RO S RE Y AR fr SR Nbe
r ecovemadhdnobprotihe peaddeod frdimoxredervoio hdcatedredifskore medyhianohdadasto lguaduct . 1 n an

enbodi nent of the prqcess, of the present inventiop, the carbon di oxide
cont anmiRARSE! IR ﬁ’él‘t’ At HASHOBFO BULE Ty e lawggrdfcur%ﬁrﬁrPWéS%r ubber
via line 133nangdufcfethMd ptdicCORCE RR@andPRaP bt AlrtHeP pRRPAEAL] fBdtdae second
| i qui d net hanol ‘product fromthe carbon di oxide contam nated 1iquid

met handlighgaiolqendweight hgdrocagbdrpredudianivher attyr hran sepmpeartiestorfat g wéle car bon
di gxi de. copt am nat ed anol wash_ product in the condenser, 123 to formthe
ceding ol & SRR e RPN Eou of TR B REEABE I, oduct
cont ai MgetRd®] BrodOV¥BHa TRy QRRefdOsiadeole Odth@Ntasbiid prbfhie:t 6RO oKnOXi de

cont am nat ed net hanol” wash product. In this enbodi nent, the second liquid
met hanétetimnolitpcgasahige pieeessii thighj rethanohBray dssonysrisd e rasedipe palizgogbnhed and
col l ec f C Ser . . L .. aui d. pr oduct,
and a E%%FF%%E%%Q?ﬂ%gggﬁg?ﬁggaPﬁég?gaﬁg?ﬁ%%ghgggggﬁgﬁhﬁggs%gsggéarated from
t he pr egdssildigiesy shtalsas Thi¢igqurithahaiol preauchapbe tiperhedied ahd AexddBditaad a
portion of the conbined |iquid nethanol product may he separated and

ut PPi z YNBSSt a8, PRUGERHY Hist Fratnbion RERHChESt ISHFORHCEH Wigh 3 &kpliocaiHestsErdbber 9
via li %ﬁ%o%ﬁ%ﬁ@g%sﬁ—g z%Qlit\é’?iﬁm thitGarfof %ﬁﬁa&sggn f8Stor &%L‘Wﬁ%? L %%E%:’ratﬁres econd

| i qui d net hanol product nay be recovere romthe carbon

cont amofi éfoet3608Chan8l Crasia prestiucsd s fiym fleesiPago 2 seMPatdpioddicoxgalsline-

cont am nat ed net hanol wash product to a separate. condenser (not shown),

wher ei FORBRBIRERBAY CsplerpihbisPapicddinmt thesasefigreontdning 8raddc i bon

di oxi dg—srtjglggorgas. The second |iquid nmethanol product contains |ess carbon
t

DO 1 o ;
di oxi de an the carbon di oxi de cont am nated net hanol wash

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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25pr oduct . A carbon dioxide-rich gas may be separated fromthe
condenser 123 through line 129. In. an enbodi nent, the carbon
di oxi de-rich gas may be re-injected into the reservoir 1 through the
well 3. Re-injection of the carbon dioxide rich gas into the
reservoi ICLABMBves to reduce the anpbunt of greenhouse gases enmitted
into the atnosphere as a result of conducting the process 300of the
invention and al so serves to maintain the reservoir pressure. In an
enbodi ment, ata heask (G %oRkingdh nhfRd tza®05ftadinattld WwiBfEEh BRUWsff ddland
carbon di oxi de present in the extracted gas, on a nmmss basis, is
r ecover eqoByeriang e a8iusH gay e MethagelneenrRsingind is re-injected into
the reservoir
descri bed abovzghﬁﬁﬁgég%%%éﬁgq%%b% 3{o§$g§%?% eﬁ#ﬂ%B§%§%$@%V?Inay
serve t o chiitaming eatiraegdsowhare |c@:ﬂbo@fd1dxlitﬁe doBgRIsvOLeattr than é0abl.% dffiee
production of further natural gas fromthe reservoir 1, particularly
i f the c&WeedEasxide is re-conpressed prior to injecting it into the
reservoir 1. lbﬁ' HE i HaAted gésqtyft}(fla Bk 9@@&1@% Hﬁ) gceI 4 @Phed extracted
separating the’oxygen contalning 5gas fromair in e alr separation
unit 8 mays tmtaising 1¢se CEI(bOh didxédectaabtie edtrmoted:lgasrandho gﬁ&tuceamchrbdnedtomde

cool ed carbon.di oxi y C res rIQr ction
to i ncr e§SRANAt ‘f’? iR g’fah ‘%\T%@é"qu%‘ffioe tracted gP?t %mal fn?)tg ﬁéﬁf")l Phe
liquid m%sﬂisaﬂ@ioxpaeoeﬁtuqthetr@tfleleerbbhetb%d@&g &ﬁt‘tiarﬁﬂgt/e@'iwagﬁlﬁltoﬁﬁ& RBhRAGRTSGE:

The |iquid nethanol product nmay be | oaded 1nto transport contalners,
for examghoddidxide Han tharvepsby t tanks, and then may be transported to
a selected | ocat

le, li d. peth I duct d
From o eser vol PRI Bh VR eHor A 8 35 HEHEeP PO R 8 Flnapor
tanks on aes&tuemfarpintdneﬂldtaﬁ@ﬂemwedata{nﬁettﬁu&mf@oom Br 1re@§tbrp%dﬁctaﬁ
further processin ui d net hanol product that
met hanol Oﬁﬁl;ih@eptf(%ﬂttt@s cm’@ee@egrqgen Olﬁﬂ?@‘ﬁe ﬂndmrb@rutilamdﬂewm
hydr ocar %enmglrap oﬁk‘%e}ﬁei%mﬁ the (gxry% I n(%lt}ilil%{ék%o (4] ca n(%n %C?l:[ﬂ t]%t%liy&lygcarbons

15site. I'man e CESS (0] v

nethanol1ﬁ&@ngﬁ@djg&1bkgyﬂﬁnmm§hanol product may be converted to a
hi gh oct ane gasollne pr oduct tg t he known net hanol -t o-gasol i ne
e

process in whidAPtRRHN sentagHile the oxigatiey predugt gagy b stca@ Qﬁtﬂlathﬂan@aSéh@
or more %%ﬁ)s tasce &J&m?é Pt% P%O@%ﬂ)%@la}’lﬁ%}&ﬁﬂ?%@fﬁ%ﬁl 6.5
silicaal um nop osp Pecular s eve cata he 11 qui ano
product Ba h@retﬂ]ﬂemhﬁﬁéleghsahﬂtedioxﬁﬁtlm ph)dathghs;y nthesis gas,

optionally the OX|dat|on uct gas, and contacted ith a zeolite
catalyst, in ShoUH#A %@a@gm@%w qréhe pRter Spetmigiorxidaionaredush

reactor GROih Q%ﬂa@mtﬁéﬁ%tﬁ*%ﬁﬁa Rn fefa@tiﬂe 36 A6t fb@@%%@(ﬁb@ ghd.a

pressure of from a to produce a gasol i ne- containing
product . pGaswkbhéomayMPa tg dp B @droduwmatrhethgad ptdduet o momprising
pr oduct %Y dISfI| at. on

ethanol an carbon dioxide; and

f) separating a first liquid methanol product from the methanol product gas.

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;
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251 n anot her enbodi ment of the process of the invention, |iquid

met hanol product may be converted to light ol efins including ethene
and propene according to known net hanol -tool efin processes. The

| i qui d net hanol product nay be heated to a tenperature of from 450C
to 550C at a pielsfirgghofepheds] pdram 4f the K ligndl methied pediued tbla a sol i d
acid catalyst,  such as a.zeolife or a silicaalum nophosphate

mol ecul arte’ﬁPeé@tBrec s‘fo ﬁoto duce the olefin product. 30 CLAIMS

1. A process fqy s&rasoﬁgmertga@cte@gwmh megﬁ%a%macén%%ﬁy 48t liquid
| evel s of CO2 and converting thé natural gas into nethanol

conpri si rmgethanol produot)to éomr @cmaﬁlgedacxgasted eaparidsd ergbaedibode domxnitetednd
nmet hane fﬁr 911 t@ °§ nt ai ning natural gas, where carbon di oxi de
conpri ses gat er T Al Bf? \‘}Btr % of the extracted gas; b)
scrubbi ng the extracted gas with a wash effective to produce a washed

extracted gas cont aining | ess carbon di oxide than the extracted gas
and to preducdhg dend Bethebermartsig B sia ol sserdine s seqindrlguithe
washed e)ﬁrléftﬂa(htg?ﬁrogﬁa £ tt}?elcﬁ ﬁtdnj) éééon%&ﬁ;‘ﬁ%ted e(E %PQJ Q]}S)l)éhlgc% V\%%rem
where thé carbo I OX1 de "cont ami na con ains nor e

car bon ditlexdedend hquid ifeehanalsfroduct contamﬁ)es@)émﬁbtz dfd)gldehﬂaﬂlttas baton dioxide
extracted gas . with an oxygen containing gas in the presence of a
partial &N@HERagss wehang) Irashprofuglenper at ure of 900C or less to
produce an oxi dation product gas containi ng hydrogen, carbon

nonoxi de, and carbon di oxi de, where the nolar ratio of oxygen from
the oxygen corthaipnicess c@ats];aitn(ﬁ whersorthé cmﬁnm bbxtdpwonmaﬁhmasmbmamhevash

extract ed | ess th tionally confactin
oxi dat i oﬁffgﬁ%la &Pm§ AN PE&W&HHOQH tgﬂfgratg Seriedhs $8Cg8 1%&1
t enper at WehAbl o8l tRRACH LIRS SorlERatl Sndhanbl R0 whePHife Ef’s)t 15

MPa to produce a water-gas shifted oxidation product gas,
cont act i rhlgurcdhnetbmcrll@mdont ﬁu@mdhﬁcme@;lasoloIrOdWngm@rthtgmomhhqmémethanol

oxi dati on a. 1ret hanol esi,S C st at a

O mar o ragr bR RSt RoReBor AP RLBET S8R bRl efimirass 15
MPa t o pr&dee ﬁ@mnte RefiinoPpodUE gad &S Ge FRbof IdRtekidedontahatd fheBRARSION
di oxi de; and f) separating a first |iquid nethanol product

f r om t he Yhek REMSBPL, prepeptivelygassa combined piwé ewthagpl piodigh 1 wherein the
wash used to scrub the extracted gas is conprised of |iquid nethanol.
3. The process of claiml1 further conprising the steps of: a)

separatisg a [bebpraessodf ddig § whedkinl thelbiepl ofMBdpanitiak apoetinCdfithe first liquid
methanol product comprises separating a portion of the combined liquid methanol product;
the step of optionally storing the separated portion of the first liquid methanol product
comprises optionally 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 separated portion of the combined liquid methanol product; and the
step of utihizing the separated chilled portion of the first liquid methano! 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.

7. The process of claim 5 wherein the wash used to scrub the extracted gas is

comprised of an amine.

8. The process of claim 1 wherein the extracted gas is scrubbed with an amount of
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b) optionally storing the separated portion of the first liquid

met hanol product; c) chilling the separated portion of the
first liquid nmethanol product to a tenperature of from-40C to 0C;
d) scrubbing the extracted gas with the separated chilled portion of
t he fi r stwash gifectivedd hiaxdote pwashedtextractédgan dohiinias frenh 20tal 4€ toetD ga 956
and a carbon giox'de contam nated |iquid nethanol wash product. 4.
The procé&89°9 K@F&inantuther conprising the step of separating a
second |iquid nethanol product fromthe carbon di oxi de contani nated
met hanol wash product wherein the second |iquid nmethanol product
cont ai ns % ess Thapwassdifekiigel whemintthe weshred ertraétok pabds ovidizediwitht thel

met hanol wash product. 5., The process of. clai.m 3 wherei he carbo
i oxi de. 2o REIHEE s fhorodih SEPB ettt pRon it s e ieteinc oF
met hanol gpoavigclessgas prior to separating the second |iquid nethano
product fromthe carbon di oxi de contam nated net hanol wash, where the
first liquid nmethanol product fromthe nethanol product gas and the
second | ijguid C . L OX| ' e
et hanol "ash The B aeg: oftAGCk LAt SRURE oty HerC R AT B2V
product ¢asexaacket lzas.car bon di oxi de cont ami nat ed net hanol wash
product, respectively, as a conbined |iquid nethanol product. 6. The
process of claim5 wherein the step of separating a portion of the
first liquid j : : of | f :
combi ned 1 aur BorRase o s duifurRpRRR SR TS A 1ehsP R AL, ol Bt
separ at edf pobon omtiadfy grésenf inrthe hydrgeardonyetf ianadirapted gacin the fipst ligeid
optionally storing the separated portion of the conbined liquid

met hanol %HQLF? ¥fe step of chilling the separated portion of the
first liquid nmethanol product conprises chilling the separated
portion of the conbined Iiquid nethanol product; and the step of
utilizi nd2t he Thepercassend ciinl 1| Bidthpoeanimisingf the biep of separating biydroget framdhe
product as_the, net.hangl wash to sh. the extracted gas .conprises
021 oG LB Rt s Bt AT P e B AR T 8%

et hanol npstiegldcproasetighe nmet hanol wash to wash the extracted gas. 7.
The process of claimb5 wherein the wash used to scrub the extracted
gas is conprised of an amne. 8.The process of claim1l wherein the
extracted,gas b -\ . Of ffective to

pr oduce g3Masgggn%&(#§§$%1 dgghggﬁﬁggﬁgﬁﬁlt?%%?@%ﬁgol.@6to 60 vol . %

car bon di oxi da) cénpibssigy the egsraéd Bydogenltowieessumr df i@masietoastvingtaad
gas is oxidized with the oxygen containing gas _in the Presence of the
partial oxi dab) BAiB&ths spstpréssedseparpis yidieen githeibe exigatipnepig duct @aspithe
process 1Ak m: L L OX| i 21012

ol - 56 of TehE By Py A BRUEIG FRGRQ Rtk 2R AT BE Sx A il B or the
conpri si matarepovieftcd gxidatidreastiud @és wih tiee mothamol Bgsthesis catalyst to produce the

methanol product gas.

14, The process of claim 1 wherein the partial oxidation catalyst comprises rhodium

and iridium.

15. The process of claim 1 wherein the oxygen containing gas contains at least 90 vol.%

oxygen.

16.  The process of claim | wherein the washed extracted gas is oxidized with the

oxygen containing gas in the presence of steam.
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of carbon initially present in the hydrocarbons of the extracted gas
inthe first liquid nmethanol product. 12. The process of claiml
further conprising the step of separating hydrogen fromthe nethanol
product gas prior to separating the first |iquid nethanol product
fromthelwet hﬁh@brq@essdﬂclailgdﬁ ﬁlﬁﬁer'ﬂomprdeingmmixmfg stdaad with thef washhér

conprising the ste rressi ng,.the separafed hydrogen
SO br o St GRE e e iR D0 oXiAng [F TR GRS 295
CONPr €55 g RBPME AhRAnWILEARERWILRH M VXh P ABc @ L ROMEL (hE aﬁy the
wat er-gas shifted oxidation product gas prior to contactln

oxi dat i oporgainihgcgas grasslagredtth provadees mghs rajioi ditstadmotei caéaonéz’onplgxwg@ﬁrb@mn
with the_neth t.hesi ta du t he nmet hanol product
gas. 14. %ﬁé ﬁﬁigggygFé%Fgfwﬁ%iﬁh%?@fﬁﬁéﬁﬁﬁﬁgﬁf? oxi dation catal yst
conprises rhodiumand iridium 15. The process of claim1l wherein the
oxygen contai ning gas contains at |east 90 vol.% oxygen. 16. The
process of claim1 wherein the washed extracted gas is oxidized with
t he oxygen containing gas in the presence of steam 17.The process
of claim 16 further conprising mxing steamw th the washed extracted
gas and the oxygen containing gas prior to oxidizing the washed
extracted gas, wherein the anount of steam m xed with the washed
extracted gas and the oxygen containing gas is selected to provide a
nolar ratio of steamto carbon from hydrocarbons in the washed
extracted gas of greater than 0 and | ess than 0. 4.
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