0 8 FEB 7007 WD 2005/ 051572 PCT/ US2004/ 035474 1 CONTROLLI NG THE RATI O OF
ETHYLENE TO PROPYLENE PRODUCED | N AN OXYGENATE TO COLEFI N CONVERSI 0y fRBOBESS
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to processes for
form ng et \WPEHE/0IMF2 propyl ene. More particularly, the pPerus100i/eBsenti on
relates to processes for formng a deslrable ratio of ethylene and

propyl ene from nmet hanol and ethanol in an oxygenate to olefin reaction

system BA%G?%@@ iHEN@WﬁWMIéQS’@EkMENE)WPR@ vigkiped herein as
sthyl ene angpeid DN AN CENAPETPOTRIAN ¥ ERSHE T)ﬁww' 'na

variety of For=TraRT g prastics ard ottet m
Et hyl ene is used- to -make various - -- - polyethylene pI astics, and | n
maki ng ot her chem cals vinyl chloride, ethylene oxide, ethyl benzene and
al cohol . Propylene is used to nake various polypropyl ene plastics, and in
maki ng ot heﬁlﬂgﬂﬁr@p@ﬁ]@mwﬂ@qryl onitrile and propyl ene oxide. 100031
The petrochemcal Tnaustry nas known for sone tinme that oxygenates,

especi al | y @oobhol s, dhe pmscntem\tenbbmrqla’a@sdo Iprodessas! fof forming tthylenedst r ed

conver si on process | eneral erred to as.an o epnate to olefin. (OTO
reaction prijeR¥Ene.g, p,@g}qui,%ly, ﬁhea,pr% V‘é’ﬁﬂ??‘bﬁegregc@sgmcﬁﬁe%{%enat

contacts ffective
o conver t A Bt B bR AP e
met hanol i santdweygenatgdmaledin reactien pysteoess is generally referred to as a

met hanol to olefln (Mo reaction process. Methanol is a particularly
preferred axygd ) _ et hyl ene and/ or propyl ene. (00041
Dependi ng o#& Sic har ket s for ethyl ene and propyl ene,
it may be degezjabl e tP,lghﬁrdleﬁﬂ%e d&ﬁh&hthefsﬁi | £ Qhhyabhy | Bae pfpyRh&PYIENE
formed in an O reaction system It has recently been di scovered, however,

that alt hau@nnp@trmmoe@nmmnmﬁhymvfam aivenely @ﬂm@rﬁg@sswfor awkitigon

~condi ti ons t [ By Vi of a
met hanol - C(P},%Sg, nlaﬁ%{ ?@ ﬁ%ﬁé{(%f m%@?/l ene a%cFF psreopy eéeml&e anOfo reaction
systemis relyrkiNelsy piaRsenahd i enilong thet @Bdmicals vinyl chloride, ethylene

oxide, ethyl benzene and alcohol. Propylene is used to make various

?'L

polypropylene plastics, and in making other chemicals such as acrylonitrile and
propyléne oxide. H
[0003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefins. The preferred
conversion process is generally referred to as an oxygenate to olefin (OTO)
reaction process. Specifically, in an OTO reaction process, an oxygenate contacts
| a molecular sieve catalyst composition under conditions effective to convert at
least a portion of the oxygenate to light olefins. When methanol is the oxygenate,
the process is generally referred to as a methanol to olefin (MTO) reaction
process. Methanol is a particularly preferred oxygenate for the synthesis of
ethylene and/or propylene.
[0004] Depending on the respective commercial markets for ethylene and
propylene, it may be desirable to vary the weight ratio of ethylene to propylene
formed in an OTO reaction system. It has recently been discovered, however, that
although percent conversion may vary with a change in reaction conditions, e.g.,
temperature or pressure, the selectivity of a methanol-contatning feedstock for

ethylene and propylene in an OTO reaction system is relatively insensitive to



WD 2005, 10 1872 PCT/ US2004/ 035474 2 changes in reaction conditions. Thus,
the need exists in the art for a process for varying the ratio of ethylene
to propylene formed in an OTO reaction system SUMVARY OF THE INVEMEEEWZW]
[0005] Thi sSWMhYEHTIER provi des processes for forming one OPCTVUSEONIT

ol efins, defined herein as ethylene and ?propyl ene, from an

al cohol -contai ning feedstock conprising nethanol and ethanol. Thus, in one

embodi ment _&Qﬁgesiiﬂ‘f@i&i%ﬂrb GORBAI. Seusditeaidel RgistEhNAO gk f@flg ﬁ&&@@ﬁlr’ .
preferably in a m xed eegstock, to a conversion process r converting the
met hanol andaeyihgihs ratio of Bibylenite mropytenedformerhin anl @FOmsactibh shistsmnow been

di scovered that by varying the ratio of nethanol to ethanol that is
directed to ' he ratio of ethylene to propylene
formed in t@@&ﬁ@%@i&ﬁbe desirably controlled. 100061 In one
embodi nment, [Hées]i NVentTIAR ihventith rcp«ﬁ&@g,}scefs&rs 6P Feihk e 3 more light

[

al cohol -contai ning streamto light olefins. The process conprises the steps
of: (a) prokfiisndehirad hemsin angthotanarmid propaleneatemnom 2lsnbol-wintaiming t he

wei ght ratiq of t hanol. to et hanol ,i reater than 5.0 and | ess than 49.0,
nore prefer gﬁ@ftoﬁggwmqgw%%@f"ﬁp AR q%léagn,gft hﬁﬂ’lsiél.] (P,neaﬁ‘Bg%%@r‘?nﬁoﬁhﬁ
preferably giRatieh ddddtises RiRBAng GaGharohahdO ethandlN GréfemblPhief £rAkky about

7.3; and (b) contacting the methanol and the ethanol inthe reaction zone
wi th a nol ededdatock, te\eecopaemiopguoeassrpy sonyesting ihganetham dind iethagoktfofthet i ve to

convert the nethanol ,.and e nol $o t i gh Lefijns. .By directing
met hanol and™&fhaivor h@% ?I%ﬁ;nsf ggg 35y %z)%c ed}?cr?v ’%%E}\ngbé’rﬁar%% ﬂ%rag?r? | cat ed
above, the agthdnebio dfianofant lsalirec®dtifto thie.coh@drsibh erocesty Hesid opéthifege met hanol

and ethanol to the light olefins can be bal anced for maxi mum ethyl ene
synt hesi s. torpgRyleps formed i ths|copy§IsIor Bragess Gan be desirableeqndiollséne are

Lativel ] ; ) _ ; . _ ¢
feedst ook o0l i'ng Bhsr EppRAREREnl fuciis 4 ARtoch b R AT T o 6
desi r abl e ohkbhdi-dohtaining spsdne teligit @lefinex P peacedshmntprishs thel sedpspé: @Ry have an

ethylene to propyl ene weight ratio of from about 0.8 to about 2.5, or nore
pref erabl y Pryidiassmpthanop and, ethanek io1a teaciierhpane. Aherdnshe yeighhatippbcul ar

si eve cat al L ' I [ ecul ar
Sl ove sl ochRiaRETRYdoPl SO haPS03nd 6B ulanDON(E 1568 ol Bl Gsflll o
SAPO- 11, SA#G@n ) ashREs tian BAPOarkBeveBARGe 120ferdbiyP@rter tBP6:S3and BAPO- 35,

SAPO- 36, SAtFl)lgn .75, a%é%%s%%iefe%éﬁ? z&)]éht ‘93,8 .':u%:ciE E;) %gx%cting the methanol and the

ethanol in the reaction zone with a molecular sieve catalyst composition under

conditions effective to convert the methanol and the ethano! to the light olefins.
By directing methanol and ethanol to the reaction zone in the weight ratios
indicated above, the net heat of reaction, AH,,,, for the conversion of the methanol
and ethanol to the light olefins can be balanced for maximum ethylene synthesis.
Thus, the light olefins formed in the reaction zone are relatively rich in ethylene
(compared to the light olefins formed from a feedstock comprising about 100
wt.% methanol), which typically is 2 more desirable olefin than propylene. For
example, the light olefiris may have an ethylene to propylene weight ratio of from
about 0.8 to about 2.5, or more preferably from about 1.0 to about 1.2.

[0007] Optionally, the molecular sieve catalyst composition comprises a
small pore zeolite or a molecular sieve selected from the group consisting of:
MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-
20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41,
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AEI /CHA intergrowm hs, netal containing forns thereof, intergrown f EEQQW
t her eof thereof. By inplenenting such sna re cat

t he armunta‘%g’fﬁgr oﬂgf‘?c conpounds  formed in the OTO reacHB’ﬁgzs‘ ¥W&tan be
advant ageously mnim zed. In one enbodinent, the [ight olefins are yielded
fromthe reaction zone in an effl uent stream wrl sing less than 5.0

wei ght per c&RPO-H8r eSAP@+4ds aWOF@ssSAﬁQnS@ GBI 4 hintgrgravahs,, meiel nore

preferably |ess.tha 05 we i ed on the
total wei ghfzo%%nﬂ%?%qnfgltﬁ@ﬁ?f q{%eﬁ fh%%%g’f era%lluggr ﬁg f‘ﬁéf? ﬁ’ol and the
et hanol ar ejhpleaRatih® sacts ¥iatiesdrs camms Qﬁéltaamma@famﬂiﬁﬁtﬁta@&hpﬁx‘iﬁﬂshes' S
catal yst and an ethanol synthesis catal yst optionally in a weight ratio of

from about iomaqdomaubem(s lc.achpn SygemIsap terasivanbeaously mdimigedbdatong. 0. Thus,

t he processotlon S cntactln th a
nmet hanol syﬁ ]lnée? i{% @@t Blgﬁﬁs g‘n )Eel?lﬁano °§1§§‘}het t}oél %og'?é fét&ﬁﬂf’w to
step (a), ugt@l&arm fcbfiplisiagnekist thon S . ® et iperehio me\tﬁéﬁuabt}elewmsmo the
met hanol, the ethanol and water. Alternatively, the nethanol and the

et hanol ar eWﬁﬁbﬁﬂWWt Benmate Preferahlygless ihanh 095 swright pexgemthammaticat al yst
(rat her than a i under conditions
effective t6 IFB rﬁ? ﬂl@éd ggf(t)(ftal%%glﬁ O?%e g%{(%?é&éaﬁ% this enbodi ment, the

synt hesi s cpjoagyst pr Bfeﬁrﬂhymhe@mmmsesncbme etianonare doipfedtine Shfiasil
synt hesis catal ysts described herein, which fornms nethanol in addition to
et hanol . TyPmeafaniaining panethand! syabesiy Grikst Tkbans gthapal Syathesis eatalystet hanol

and the et hémdnau?nﬂt %ﬁ%hﬂeﬁ N i TR g u%gppgicer%&g)ﬁp&@wdtngy pri or

td step (a) orl of the water orrre romthe
met hanol anﬁOttb&beum&oIThhsx,rtl’reqbrmdasasmﬁmn(aﬁj mcxm&esrarst@ dﬁ‘)(c)adomiwﬂngcont ai ni ng

streamcorrprlsm maj ori.t f the nethan ht . majority of
“the et hanoflyngﬁsr |nﬁct X’hﬁeﬂﬁ %‘/i’t‘gﬁ% a8 cﬁﬂ?f’é‘ﬁ élslcﬁ{;\%ﬁglwrl ncl udes

the step ofy, S5 ?n&d&ms{ wﬁu&m@fe&ﬁm\%oﬁva«t thebéémgﬂategh@ﬂle of,emperature
at which the ontacting in step (c) occurs, y the weight ratio of

t he net hanahe ethapelped ovaterf qulmmﬁvgbeﬁw(llwth@lmllwdéhd gthano] aEsfptmsd bg to a

obefno. T orREECIRE SYagS (AT L R B Pl P ol F BB pBsto; O
Opti onal |y, differpt Ya@lys@PIn8éd eMTiGSHA BFéHVEXWIRIm FheAnfIAESIS andehgr ati on
zone under conditions effective to convert the natural gas streaminto
ethanol. In this embodiment, the synthesis catalyst preferably comprises one or

more of the ethanol synthesis catalysts described herein, which forms methanol in

addition to ethanol. Typically, water is formed during the synthesis of the
methanol and the ethanol, and the process may include a step of: (d) removing,

prior to step (a), a weight majority of the water formed in step (c) from the
methanol and the ethanol formed in step (c) to form a dry alcohol-containing

stream comprising a weight majority of the methanol and a weight majority of the

ethano! formed in step (¢). In one embodiment, the invention includes the step of

varying the first conditions, e.g., by changing the temperature at which the

contacting in step (c¢) occurs, to modify the weight ratio of the methanol to ethanol

formed. Step (d) optionally is responsive to a determination that the weight ratio

of ethylene to propylene in the light olefins formed in step (a) should be increased

or decreased.

[0009)] Optionally, a natural gas stream contacts oxygen in a syngas

generation zone under conditions effective to convert the natural gas stream into
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synthesis catal yst preferably conprises a netal oxide, and the eth§fpg 2507

synt hesi s w@balswsis7pr ef erably conprises an al kali-treat ed-¥Rris3) ULfide.
The net hanol and the ethanol preferably are directed to thgﬁfrseegéfto?%hj zone

I n an al cohol -contai ning stream conprising fromabout 0.1 to about 10.0
wei ght percent water, based on the total weight of the al cohol -containing
stream [ 00tiB1syagss. obhe methandlesynthosp criglyst prefanely comprisees metwd oxtdeps of . (c¢)

contacting a_fi.,xst,amunt of. bl ream conpri.sing,carbon

nonoxi de, %‘%ﬁ{ 6%%&5‘.‘”8"9% %mlgﬁla%gagsgéé%g%gﬁcgﬁlﬁg%ﬁa%o gﬁ(fb%eﬁtgginsw@gt alyst in
a first synkll€8é.SThe areethaupled the ethind prstbiabnge airbeed to/ thetraction Ao

met hanol - cont ai ni ng stream conprising the nmethanol provided in step (a);

and (d) coniragt alﬁglg@l-@@ta@}img sifeAun eompRsing SOBb AP Phiy i akaut d8H weishl | si ng
carbon monoxi de,. .caLb %‘;ﬁﬁ'hoﬂe%taf"&@igh{‘@%ﬁ@h&lé plta?ltﬁagts{}anm synt hesi s

cat al yst i nPE-g6cond’ SI's zone*®un Second ¢on oNs effective to

form an et hgmab} cont aOptiogals, HBaheRiph | firther chmpriedshaitolsteps @i dgeh in step
(a). The process optionally further conprises the step of. (e) conbining at
| east a por ¢QIFtBE & Hest gRCHRINGS 2 S5 SANEAS Ry CRRTIRE carbon mwaexide. porti on

of the ethapgl-c ! cam ﬁ.@ggg : |.h step
(a) conpri sgés%%lr‘(&)i\%ge%agy&ﬁéast t%%%eﬁﬂlﬁﬁgﬁs 0 tﬁe%%%(gfﬁtt):i&agg} Sg Z%%St o the
reaction zggie. uiddd1fifst | conditiohd exffeetitodo nfonh, at inethanylestniaifing Sstfe@ma pr ocess

for formng ethylene and propylene from.an al cohol - ¢containi ng feedstock
conpri si ng camsHEotbe amgthangbprox|dsd fy tep Q) @gﬁﬁﬁweﬂ@f:vﬂgaﬁ%ndamewﬁo| " means

an al cohol - oY L td | 81 Jxanol e300 C3
al'cohol s, o%ﬁgg%@dr}gir g%g%g%gﬁcéhdgﬁg)r%%%p%%tﬁ?%g% y ohecal(;@ﬁngggld +ﬂal cohol s.
Opt i onal | y, hytdnegemewithnal ethanol tstyethedic chtalyst @mtaasevond) sfyethesit aoke uaddrorned in a
process for conyerting s as to. nethanol .in the presence of .a t hanol
synt hesi s —c%?%%%qn%tbcﬁﬁcfé{é?ﬁ‘%tp foRm g ?atﬂ‘g‘OI'Fwﬁlnﬂ%W FOMBIRANE the :

al cohol - condgiral ?&vﬁd’e@% kRp a)l SI‘hfeffﬁ(SE’c@s bptomaBy HRAG icOMpBikes tRY RgRsFOVer a

fuel al cohol synthesis catalyst. The al cohol-tontaining feedstock is

di rect ed t deheorokipignitieast @ pottohiof tilaneihanelsennitaning \streamm with attlhast eonver si on

th f to ethyl d l.ene.. Thi | ti ng, wei ght ratio.of, ethyl t
oropyl ene. ATEO (e EHianpheshtanipe posant i X & ERTsd BERA- TSP var o by
varying t hqayedrbptises préadiag at RastEpiraoR lof e Edifhinad s@Eh $o the rbitGon

al cohol - cont ai ni ng
zone.

[0011] In another embodiment, the invention is to a process for forming
ethylene and propylene from an alcohol-containing feedstock comprising
methanol and fuel alcohol. As used herein, “fuel alcohol” means an alcohol-
containing composition comprising ethanol, one or more C3 alcohols, one or more
C4 alcohols and optionally one or more C5+ alcohols. Optionally, the methanol
in the alcohol-containing feedstock is formed in a process for converting syngas to
methanol in the presence of a methanol synthesis catalyst composition, while the
fuel alcohel in the alcohol-containing feedstock is formed from a reaction of
syngas over a fuel alcohol synthesis catalyst. The alcohol-containing feedstock is
directed to an oxygenate to olefin (OTO) reaction system for the conversion
thereof to ethylene and propylene. The resulting weight ratio of ethylene to
propylene formed in the OTO reaction system advantageously can be varied by
varying the weight ratio of the methanol to fuel alcohols in the alcohol-containing

feedstock that is directed to the OTO reaction system.



feedstock that is directed to the OTO reaction system 0 8 FEB 2007 WO
2005/ 151872 PCT/ US2004/ 035474 [0012] In one enbodi nent, the i nvenrgieogﬁﬁ' ﬁ] 7( o]
a process for_form ng light olefins froman al cohol-containing stre pn
this enbodMEHPIWE process conprises the steps of. (a)PGHEVPeVIEE 4

met hanol - cont ai ni ng stream conprising “nmethanol; (b) providing a fuel

al cohol -cont ai ni ng stream conprising ethanol, a C3 alcohol and a 4

al cohol ; (c)[oonzibi ni ngirt die amsddanealt; theitwntibme Bt wacssade fohRingf 1tk

al cohol -contai ning streamto_forma conbi ned al cohol - cont ai ni ng stream and
(d) cont act Ny HoghEn ACH-CPYADER FiFE onBi Mt cBPedRsIL CBRIRIPFESHG st ream

wth a nol eV | |4 [t ' . er
. conditions g;? P gﬁsie\%gl% ?‘8[9 S?%fr#i%ﬂyi en%aa%gﬁ%}dégg g%@%c%%%&oégﬁﬁvgﬂg he
et hyl ene andnghaml] @)eradding ¥ ifed] dizdholrcoataiehd bueand catprisanp dthatiohgr @h et hyl ene
to propyl ene ight ratio of from about 1.2 to about, 2.0. In one
. enbodi nent , aﬂ&ogﬁ%‘éé@ tlephakaic) EU'HEW%@%%M@? uaigme stggmagdithet i ng a
first syngas,st K | i 1 - di oxi de . hydr ogen
W ih a petnanaae R R R e e I B Y Form
t he met hanol(dreonttaiting rag leastr eportiomnfl thef dombomedeadddhobcantsnimgtean ywigas St ream
conpri sing carbon ngnoxi de, carbon. di oxi de and hydrogen wi.th a_ fuel al cohol

synthesi s caUFGHer 9s1getadyst SORMPRYMA 1 doiFacHOPfAORE MeT conditions effectixe
al cohol - contaimi h&HeN : , 0 e 4
& BR getmlgef gﬂpl)(g %@gﬂg (cgo?ltaﬁﬂg), thd Réhyiehe i m%%illgldrb

al cohol . Preferably, occur 1 n parallel
Opti onal | y, yidided imein edflomh etreann havang am gthylene tmpiopylens weghbsetioedftoact i ng

syngas with fu al cohol .sypthesis, catal conpri si a n cropprous
a0l ti 6 mmeBeHal 2 R APTCRAa, I SR CBPROEER A% SRR, B RBRAE Lo t he
fuel  al cohgleps BRL(@) Ainfdtifil AR syRPR dhdth RPEBR-GMdhIhdRMeSEHBMMN
optionally is° forned by contacting syngas with a fuel al cohol , synthesis

catal yst undmxideardihydrogen efithes mejleanpb syyshesesr eatalbies wday fsst tconditions uel

ool OIS FRe MR Dalaind Nk GODOh RURLAGSL B VoL
fuel al cohokyrfspihiesh somptisihy Shrbop piidronile] yarbsn alokileianfhyaRiges wikddi tional |y
or alternatively, the fuel alcohol- containi n&lgst reamis forned b

1

contacting Siphgleohal emthesisyetalyst el seoppt irendidions affetiys to Jpiare &6hdi ti ons
Chnect e, e Aol B oo st O ogren
or al t er nat Predérubly! stepsf(aphnd{fradeat incpanallelni ng streamis fornmed by
[0013] Optionally, the fuel alcohol-containing stream is formed by
contacting syngas with a fuel alcohol synthesis catalyst comprising a microporous
zeolitic material under conditions effective to convert the syngas to the fuel
alcohol-containing stream. The fuel alcohol-containing stream optionally is
formed by contacting syngas with a fuel alcohol synthesis catalyst under
conditions effective to convert the syngas to the fuel alcohol-containing stream,
wherein the fuel alcohol synthesis catalyst comprises one or more of
Cw/ZnO/Cr;03 and Cuw/ZnO/AL O3, and wherein the fuel alcohol synthesis catalyst
optionally is alkali promoted. Additionally or alternatively, the fuel alcohol-
containing stream is formed by contacting syngas with a fuel alcohol synthesis
catalyst under conditions effective to convert the syngas to the fuel alcohol-
containing stream, wherein the fuel alcohol synthesis catalyst comprises rhodium,

Additionally or alternatively, the fuel alcohol-containing stream is formed by

contacting syngas with a fuel alcohol synthesis catalyst under conditions effective



contacting syngas with a fuel alcohol synthesis catal yst under conditions
effective WO 20115/ 051872 PCT/ US2004/03 f?S" 2007 6 to convert the syngas
to the fue ontaining stream wherein the fuel ol a807 s
cat al yst ct”rﬁf%‘lﬁ’g}gglség oxi de of one or re of zinc, chro {]fﬁ%z"{’f&%gﬂ?
cobalt, and nickel, and wherein the fuel al cohol synthesis catalyst

opt i onal ly is al kal I, lanthanum or cerium pronoted. Additionally or

al ternativel g convest fthmlsngasdhoﬂhe duelt alceliakgosamenprstreant, owherdinbhectal act i ng

syngas with fuel coho nt hesis cata under condi.tions effective to
c)c/)n\g/ert t he g{?ﬂﬁi&%@“ﬁ@ﬁ&ﬁ aﬁﬁl‘:o@%i‘?ﬁ&i{l O&bﬁc;?ﬂen(ﬁ IE?rFé&rﬁm"‘a\,ﬁ BTt he f uel
al cohol synt h&sies, €abatYstd nfQBRY i WHeRS Qhe NMEE aRbhOOSABASE CaalVeS2, and
wherein the fuel alcohdl synt hesi s cat al yst optionally 1s al kali “pronot ed.
The fuel al coptodnadlyns alkrahnlgnthgnmamerpnn oreandted. c Adgitiosdly damt;ntahawiy,about 75
wei ght percept sed on _the t .of

al cghol pcont@ﬁ nf“%i; z‘i"ﬁ%ﬁ?n HOER USRS llsyitoﬁqned thcé’ﬁﬁéi?ﬁ‘ﬂ/émastwgi f ¢!

al cohol - cont g 5hd1%ytHeER PaaPEP h&e Toaditib@ASttectRO Y cdivertVBE g?ﬁga@% aRNt

et hanol, preferably at |east” about 25 wei ght percent ethano based on the
total wei ghtfust alh@cflwentaamg)mmaaxnonvlmrﬁnngwsmeéaﬂpo@t smlmmycatalw f uel

al cohol - cont ai_ ni ng _st ream conpr.i a h t C3-C4
al cohol s, ba%é’ap%% StHE o nglrgp I\afﬁ tcfe@él%gé %’é?ﬂ?fn El% {ﬁlﬁfﬁcﬁgqst ream
[0014) Opti ofiditedis thelysEbpadallyi 18 ilheﬂl @&ﬁﬁ@@@l - TR fid Ndleghos bérRtaifings  f or med

by contacting syngas with a nethanol t hesi s catal yst under conditions
effective t ctsamventionaHy ceynyees less th%ﬁ’ea ﬂﬁiﬁélght pereans mathangh brsed ot ai ni ng

wh h h h de of
o more of - bep! AR 3R cine Xk RORYERhANE, FRER | S RRuRBeBN IR Oy O

al cohol - COﬂtaiteﬁldﬁ@eB_,I, rtﬁanmelombhaafantasﬁaﬁg shiearn  adaprised latviRkg hdbopernoent
met hanol, based on the total weight of the combined al cohol -containing

stream In t‘@@ﬁﬁtmm%\ﬁﬁ%am]aﬁ&ébfﬁ?%af &easttab@%%%ﬂ’e%séapﬁlc@aw&m’cbmeéu ni ng
stream opti Qﬂla‘h:}eyt ﬂr(pél ! ne I fef F‘lg (ﬁ@umdnq Sf?gaﬁl?ertﬁ mﬁﬁr\:ﬁé ’fuelbased on

the total werlght the co o cont ar ni ng strea conbi ned

al cohol - contal¢ahohgosthinéegnstrpdn awalprigeshas leesimebdantl) weight2petdenal€H6dl  wei ght
rati o of fro bou bqut refera fram ab ut 0.33 to about
570, °[ 00161 Heshafo b uiBo et oF e o GoPB o R TE B ecs | o

produci ng 5[00?4100“0| ObXSdaNg, B hkhsof Gh Mé%@tﬁmﬁ)lfc%ﬁﬁﬁﬁl%%tréﬁﬁ ign

oxygenate to olefin
formed by contacting syngas with a methanol synthesis catalyst under conditions

effective to convert the syngas to the methanol in the methanol-containing stream,
wherein the methanol synthesis catalyst comprises an oxide of one or more of
copper, zinc and aluminum.

[0015] Optionally, the combined alcohol-containing stream comprises less
than about 91 weight percent methanol, based on the total weight of the combined
alcohol-containing stream. In terms of lower range limits, the combined aicohol-
containing stream optionally comprises more than 86 weight percent methanol,
based on the total weight of the combined alcohol-containing stream. The
combined alcohol-containing stream optionally has a methanol to C2-C4 alcohol
weight ratio of from about 0.1 to about 4.0, preferably from about 0.33 to about
3.0.

[0016] In another embodiment, the invention is to a process for producing
an alcohol mixture suitable for use as a feedstock for an oxygenate to olefin

reaction systemn, the process comprising the steps of: (a) contacting a first syngas



reaction system the process conprising the steps of (a) contacting a first
syngas 0 8 F E B 2007 WO 2005/051872 PCT/ US2004/ 035474 7 stream conpri si ng
car bon nonoxi de, carbon di oxi de and hydrogen with a nethanol synt WeksFE8 2007
catal yst WEAF43ET2 condi tions effective to forma met hEEIIUS2HMMEHTHI ng
stream conpri si ng nmet hanol and water; (7b) contacting a second syngas stream
conpri sing carbon nonoxi de, carbon di oxi de and hydrogen with a fuel al cohol
synt hesi s catrahnis tottpeehg Seaphd raandide, wasboal Giegidevend ytiaideh awfthied

al cohol - cont ai ni nq stream conpri sing_et hanol, propanol and butanol; and (c)
combi ni ng- atméteanal synihesis icatalyst undrs Bt seadBions GHedlvsi tadosn remathaialh at | east

a portion of |.cohal.- ¢ W] e ' stream
wherein theoBslng SEtauf b BRI ED A0 el SR o G RS RRRIRE ol TS b
from about sQedmtcdnaprisiig darBon Morex{deptababdivxideomdabyiibged. Wih taofu@bout 3. 0,
and nost preferably fromabout 0.5 to about_1.0. The process optionally

further comgiiobek syihesis a@plpt. Indgy seedrdy Forlitians wdtctive ftpofarbne Rishbi ned
stream to f%[cml?]ﬁgcgr}{ai O%tr@ré%grg \ﬁé%ﬁ?ﬁg Jﬂﬁfeﬂrmgg{r@' B9 ShE QAT F((E)i onal |y

conprises | éss an a ercent based on the t'otal weight
of the dry ecemibinirg astl¢enmporfldre ofrthichmptlanslyohtatiing seednalwidi atledstfdiel
al cohol synthesis catal }nla% be selected fromthe catalysts disclosed

St "
above. Pref @pai@myofsthéése_}f@&p niayyIng SEEAT fhiomya gamptined strcamp el
optionally lid Deipif0I MR Rad {hoffBl @l €4 af@oﬁ&%&ig& rE{fi‘c?o{‘ErB pged Stream
or a portion thereof (elther an aliquot or non-allqtot portion) to an
oxygenat e t @.l1okefdbout dait more pyferably BRMERbIMESTR R | BuiOB .00 HindDRAYY NGS

[0017] This invention wl| berter, understood by reference to the

et ai | ed deBEteraRBROBIOPHES S 10 hEutart whih SRS PG HEAGE CHPERS a ( ached

dr awi ngs, FQER of (@ rendvin e Rtedl iR 8 BomBinBB shahR 1o S¥RA Nedhs system

Fig. 2 is a flow diagram of one enbodi ment of the present invention; Fig. 3
iis a flow dieagbiaml sfreamotThe drie pdroblinad sireant optirsally esmprtises ilgse draniabout Fig. 4 is

a flowdi agﬁg rvrs}e?éhtapne%eg ‘ater %Csit!: o0 tthé) Iotahhue/eiglgtegte t?lt L e

e dry 2Sbimed Stream.
The methanol synthesis catalyst and fuel alcohol synthesis catalyst may be
selected from the catalysts disclosed above. Preferably steps (a) and (b) occur in
parallel. The process optionally further comprises the step of: (d) directing the
combined stream or a portion thereof (either an aliquot or non-aliquot portion) to

an oxygenate to olefin reaction system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] This invention will be better understood by reference to the

{: detailed description of the invention when taken together with the attached

drawings, wherein:

Fig. 1 is a flow diagram of a methanol synthesis system;

Fig.2 is a flow diagram of one embodiment of the present
invention;

Fig. 3 is a flow diagram of another embodiment of the present
invention;

Fig. 4 is a flow diagram of another embodiment of the present

invention;



0 8 FEB 2007 WD 2005/051872 PCT/ US2004/ 035474 8 Fig. 5 is a graph plotting
prine olefin selectivity and reaction tenperature as functions of eé]gﬁﬂzdﬂ
content in a methanol-containing feed; Fig. 6 is a flow di agram of 1N 7
enbodi nentY82'¢ WS Pesent invention; and Fig. 7 is a fl & g‘t’ BHAG
anot her enbodi nent of the present i nvgntl on. DETAI LED DESCRI PTI O\I OF THE
| NVENTI ON A, | NTRODUCTI ON 10018] The present invention provides processes
for formng one or norge kighi gedphf pibsing dnfrheesleterslcbtivisy ahidyéRA8, and
propyl ene, from an al cohol - contai ni ng ?ee dstock conprising net ha nol and
et hanol i n EmpesAtiERsRIneirms loéﬂh@nol|09ntmtsnﬁwthm1¢omamgw@d that by

varying the ratio of t nol ol tha d an oxygenate
to olefin (OTO conve g@lspfiofie‘gslik{%% orfa@lo e(Sfﬁd[?%@F‘gﬁ gle Iene
formed in theemeyanai on process can be desirably controlled. It has al so
been di scovered that an al cohol - cont ai ni ng feedstock having a nethanol to

et hanol wei ght ratio d&lg.drsaadiow Wiagran ©f angthes ssmhddimentoofdthe myesenpr ef er abl y
greater than 6[ Q0 and I ess than 10.0, and even nore preferably greater than
6.5 and | es¥"H'H5h 9.5, and nost preferably about 7.3 provides ideal

t her rodynam c conditions for formng light olefins froman

al cohol - cont ai ni ng stream conprising nethanol and ethanol. [0019] By

di recting nethanol and ethanol to the reactlon zone in the desired weight
rati os descBEHA DESCRIZETION QR 7 'ERGHIOMN  AH, ,t, for the
conversion f t d et hanol to the light olefins can be bal anced
to effect § mm%b%%on of ethylene w thout adding heat to the
rgactl on Z00E8) Speci The.@fdsym ihbentioe atovedes preckskesofor tfdn&n&goﬁ&arﬂibﬁs

conver si on of t han to |i ght olef|n5|s t|||zed|nt endot herm c
conver si on [t glefifisg eﬁl’ﬁdg‘f’m‘! aneihyleneengd R?& 0%%2‘8‘6‘?1%1@?@6%% i ncrease
in operati rraeo%&fckqg%wmo@gﬁmah@nﬁdlmmf e heﬁ]ea Phighi Ao BIRGoLN the
reaction zone are desirably rich in ethylene iC typlca y i's nore

val uabl e t hmen [Jtsogwretrh@}at bvaanmltlneoattdré‘ mwthaxmleocthaholghat ipHigédtersto f or med

froma feedst 8}?}lf<ge%g ko Sollgﬁln %61;1'(5) anngﬁ}orﬁaB?ocess 1%6 ra%o oto ethylene to

propylene formed in the conversion process can be desirably controlled. It has

" also been discovered that an alcohol-containing feedstock having a methanol to
ethanol weight ratio of greater than 5.0 and less than 49.0, more preferably greater
than 6.0 and less than 10.0, and even miore preferably greater than 6.5 and less
than 9.5, and most preferably about 7.3 provides ideal thermodynétmjc conditions
for forming light olefins from an alcohol-containing stream comprising methanol
and ethanol.

[0019] By directing methanol and ethanol to the reaction zone in the
desired weight ratios described herein, the net heat of reaction, AH,., for the
conversion of the methanol and ethanol to the light olefins can be balanced to
effect a maximum production of ethylene without adding heat to the reaction
zone. Specifically, the heat evolved from the exothermic conversion of methanol
to light olefins is utilized in the endothermic conversion of ethanol to ethylene
thereby providing a commensurate increase in operating efficiency. Additionally,
the light olefins formed in the reaction zone are desirably rich in ethylene, which
typically is more valuable than propylene, compared to the mixture of light olefins

formed from a feedstock comprising entirely methanol.



WO 2005/ 051872 PCT/ US2004/ 035474 9 [0020] The nethanol preferably is
synthesi zed in a nethanol synthesis unit, and the ethanol prefer[}a@l;yg 12607
synt hesi Z‘«w 255' A6 Ehanol synt hesi s unit, which preferabhé i.ncl udes an

et hanol syn?he5| $'%%ne and/or a fuel ajcohol synthesis zbhLUS2pHAsS474

al cohol -containing feedstock is particularly well-suited for use as a
feedstock in an OTO reaction system Thus, in one enbodi nent, the present

i nvention i s[0020) ect edThe nactbaret praféreblypisotjmttiesiged iglat methefdlngynthekisch syst em

optionally conprises SLS uni t, .an et hanol s\ nt .e is unit
o oo enane 3 el ey 3 Nhet ek et BRa P ERe bRy ent 1 on
provides pr gﬁéﬁﬁf’cﬁ’ty ﬁri?:'.lude% Qh @lhﬁﬁol%?ntﬁééiQQ&le z&ﬁfbfr%'fﬁélrh%oﬁbfs%ﬁ{ﬁeﬁ@%ﬁé si ng
met hanol fuel al cohol used herein, al cohol means an

al cohol - contﬁla'alc@ld@nptasnmg fmdsttwkps psntmglarleartvvﬂhmlteddmrelseras adeals©8kal cohol s
and one or nore ﬁg)al cothol thano g)d ?n’g’FCOhOlt ont 1n| Nng stream
is forned i A&" 535S “fleySEeghvg 1Y 8§ TIPS ST RERSH NeT WB Bresence
of a catal ysfireeQAPRSI4 |s9ftem st bﬂﬁhcﬁgcg | oleffink,Nvhidl GPdieh- 6MYmalIHI Ng
streamis formed froma fuel al cohol Synthesis reaction or reactions of

syngas in t emprissencmetfanel fyndhesisl wohotn sihandlesynhesist aty smd FHhOTO
al cohol - cont ai ni n% st ream preferably is directed to an OTO reaction system
wherei n t he TTRARERST®%nd fuel al cohol contained in the al cohol - cont ai ni ng

stream ar e/IG@Zl yerted 0z afifilhe BBbadithelit, O 1ﬁﬂﬁmoﬁ ﬂo@ﬂ@é IpYodRBdRs Ofor MOT €
but enes and optionally one or nore pentenes é Accor ding to one
preferred efbaeingwntaleghol-hentpiniag sHean PEEPLISHIS, metbﬁ@lrﬂé lﬂlﬁtllaiﬁghvsbl@ﬁt ratio

of SUhY! ene g BLARY A5 ARl sl SR L AR o R BB LR oL oo be

vari ed by Vélel ng e wei

cont ai ned i gtiahel, @héQhﬁiore?@ta%oﬂbl@@n&bh&@ﬂhﬁdia'cm eﬂccdlbrsecltlrﬁdnétﬁaﬂoﬂlen oro
reaction system Thus, i.n one enbodi nenf, the present invention is directed
to an— i nt edreatleghaleonirinng sievn Irdemacbin RPreass ok Porvarting mgas fanol

synthesi s “Pd a;/mf"?ﬁi tflgr@'r%glr]]%ﬁm (f I ?‘ﬁ’%'s‘?‘%oho hé fidt Sl OP%!PCHE synt hesi s

unit. Prefera t he are co |ned oforma
conbi ned st nleabol-cdmitaifing sstredimr Bcoaded diromn aORG)] radmbbdl mmtlsqsst reartiow of he

Synthesi o SYRERTE of FYRRaRGRE PESERfoehs DSFelsbRl B Lty Ss Bre
PCT/ US2004/ Ql%éﬂtﬁ"containjng stream preferably is directed to an OTQ reaction system,
wherein the methanol and fuel alcoho! contained in the alcohol-containing stream
are converted to ethylene and propylene, optionally one or more butenes and/or
optionally one or more pentenes.

[0022] According to one preferred embodiment of the present invention,
the resulting weight ratio of ethylene to propylene that is formed in the OTO
reaction system can be varied by varying the weight ratio of the methanol to fuel
alcohol contained in the alcohol-containing streamn that is directed to the OTO
reaction system. Thus, in one embodiment, the present invention is directed to an
integrated system wherein methanol is synthesized in a methanol syntﬁesis unit,
and fuel alcohol is synthesized in a fuel alcohol synthesis unit. Preferably the
methanol and the fuel alcohol are combined to form a combined stream, which is
directed to an OTO reaction system for the formation of ethylene and propylene.

A detailed description of methano! synthesis systems will now be described.



]Il B. METHANOL SYNTHESI S SYSTEMS 1. Exanpl es of Methanol Synthesis
Processes [0023] There are nunerous technol ogi es avail abl e for producing

met hanol including fermentation or the reaction of synthesis gas (s§6F&g)p;
derived fmammsohigds ocarbon feed stream which may incl ugermabissdssi9as,
petrol eum |iquids, carbonaceous materigal s including coal, recycled

pl astics, nunicipal waste or any other organic material. Methanol is
typically Sént heﬂli‘(‘ I é eaction of syngas in a nethanol
synthesis r ;

act o= erogeneous catal yst. For exanple,
in one synthesisjpr ocggngnlggglagmthg@] sﬁngggmcdggésng a copper/zinc oxide
catalyst in a water-cooled tubul ar anol reactor. Syngas is defined as a
gas conpr i si0id3kar bon Tioresxé demeOCs teqhnadp@es b aflableyidr prpdnciggimetizangdl

inr cact ed - PERICE S eRER a8 Aersane’ (el R ey arbRaed KBRA o

hydr ocar bongydr@darBéd) G RN N AhichCARST Rklude rahBalP bR UsduofinPflighiRgas
involves a reformng reaction of natural gas, nostly nmethane, ‘and an oxygen

sour ce i nt ccarydcegpsninatsrals oncinding xodk resyoled plastiesh omnd¢ipdi whste Sy amas

producti on ocesses _are.wel nown,. and include conventional A, steam

ref orning, ‘gb?rof)mlmat%r#ﬁeﬁ&“\ég?s gypé%a iﬁgﬂ}e&%eg Y80 cﬁﬁ%ﬂﬁ Met hanol
conposi ti onga@rim F SRS et ur afttianem sSnthyds Qeaithioin freepresddceast deri ved
froma variety of carbon sources. Exanples of such sources include bionass,

natural gashetatpgaIBohy datidest-boRier exabhlchan dneasyptissisr prosesn wiethenol & coke
(i.e., coal),.Preferably the.hydr. r feed stream.co i se { hane in
b aimount - rodioeR RRR 5 boph i B8 3ARE: boE St BP R alhA BeRalR 00 ¢
70% by volrgiter. '®gigapiedefinad by a ghs beagisighaborBRdadyidy (C O Prefbrabine

enbodi ment of this invention natural _gas 1s the gref erre ydr ocar bon feed

source. [ odpdroseRdHahgudeptiomlii ceibeg didradecdiQeon Opbenally, sxngas Fay trsol
CoMposit! Ofndifiad Anbdabith ROMEIL LB £ARAAMMSALSS ngllgn%gﬁgg@a%ﬁ aogidnen

convert the syngas to t conposi t onal "process
can be usedydicrvarjoast srcatharcongroyndo niGemdralby die pradindionodisghegas dimdvesi on

catal yst can he used to c?nvert t he sgt?)gas to the nethanol conposition. In
one enbodi REFIOMMIRG reaghign Of N3Hrale8aso APETS MsHhape, ) O¥¥gen SRR dRtoc ont ai ni ng

catalyst. QuBdzEB ZR0dn WonéLe/-0ab8 Earbbi-diowrik0 BB A>Arbduction processes

are well known, and include conventional steam reforming, autothermal

reforming, or a combination thereof.
[0024] Methanol compositions can be manufactured from a hydrocarbon
feed stream derived from a variety of carbon sources. Exarnples of such sources
include biomass, natural gas, C1-C35 hydrocarbons, naphtha, heavy petroleum oils,
i or coke (i.e., coal). Preferably, the hydrocarbon feed stream comprises methane in
an amount of at least about 50% by volume, more preferably at least about 70%
by volume, most preferably at least about §0% by volume. In one embodiment of
this invention natural gas is the preferred hydrocarbon feed source.
[0025] One way of converting the carbon source to a methanol
composition is to first convert the carbon source to syngas, and then convert the
syngas to the methanol composition. Any conventional process can be used. In
particular, any conventional carbon oxide conversion catalyst can be used to
convert the syngas to the methanol composition. In one embodiment, the carbon

oxide conversion catalyst 1s a nickel containing catalyst.



11 [00261 The hydrocarbon feed streamthat is used in the conversion of
hydrocarbon to syngas is optionally treated to renove inpurities)gifag ggn

cause pr < urt her processing of the hydrocarbon t These
WoIs/hdst Fﬁ?ﬁ%ﬁ@*@%ﬁﬂ? )

impurities’ “can polson many conventiongl propylene and e g
catalysts. A mgjority of the inpurities that nmay be present can be renoved
in any conventional manner. The hydrocarbon feed is preferably purified to
renove sul f uf0026pnpoundihe hydroagem &sdptueatisthapar tieduinathe crmyérsion aft her

condensabl es nd/ or other poteptial catalyst poisons.prior to being
converted i nbﬁ‘?@{jﬂgﬁg 1o FuBgsF]s IOHH%?@yetFﬁ?g%i %Erﬁf“%ef ‘Tﬁﬂ"t&ﬁ 1998 F24%n e
hydrocar bon %ﬁ&%ﬁ& [reRMhet SrofaSmeb it Byd¥OFesH RbdMteam NEh&XNGBSHRMef er abl y
has an appropriate nolar ratio of hydrogen to carbon oxi de (carbon nonoxide

and/ or car bocardipoxpdenanasonvketiond] bprdpPehoand Fileyleywnfpasing eattlystay Anpl oy any
conventi onal neans .- producing s as, includin rtial oxidati.on, steam
or CQ2 ref ormaiﬂj"?y S?Ihg mﬁ’&ﬁﬁf’%@f‘ﬁgﬁﬁyg%pﬁeﬁ%’ééq regﬁéf%?g{ arﬁyég.lwef’é'@?@] St eam
reforning gepghall Y TREPR{ESSrbANREd | 9 pRNGK OB@AAN to Wdnlbvet egiRyt o form
syngas. The process preferably includes Fhe usé of a catalyst. [0029]

Parti al oxi dedripoungsnatabély comppuidseparboratgonatiey, ethérycimndersablss, andfarh oxygen
or an oxygen-cont ai ni s, such as air_to formsyngas. Partial oxidation
takes place #FW%?IE}W???{%@PW%@HEEE% ba?ulga‘iogl"%%,mglmgh the use of a
catal yst is jpoeterred. il Bn®b@bedRRE: HEMk inVéatieh, ths ho@idkarbsn dstdagtedht h the
feed in the partial oxidation process. Such an enbodi nent is generally

referred to iapassgdttortionatd plagf otheisypgas[eRubliCms\aerippwRaRtegyelgaritigener at i ng

processes ing¢lud h r.tjal i dat i toth | ..ref.arm ng, fluid
bed syngas g%tjngl?'%tog%i,tgcgirg?@ﬁxidep ?atﬂig)a %&??QT& i%]?ﬁoraﬁ%%%rc}lé (si‘%pra(%cesses
for steam r efaembedgbeldw. SITRRMYREED HENDGndy0 eMplod DN E@EehA] lmdais tdTe
catalytic steamreform ng process, hydrocarbon feeds are converted to a

m xture of HEPAERSTYNEER Pgludisaaiarty HydrtBasiamsonth HEmmg.o¥er a .
oo b MR B e 7 B, T, € E P 7007 v0
[0028] Steam reforming generally comprises contacting a hydrocarbon
with steam to form syngas. The process preferably includes the use of a catalyst.
[0029] Partial oxidation generally comprises contacting a hydrocarbon
with oxygen or an oxygen-containing gas such as air to form syngas. Partial
oxidation takes place with or without the use of a catalyst, although the use of a
catalyst is preferred. In one embodiment, water (steam) 1s added with the feed in
the partial oxidation process. Such an embodiment is generally referred to as
autothermal reforming.
[0030] Conventional syngas-generating processes include gas phase partial
oxidation, autothermal reforming, fluid bed syngas generation, catalytic partial
oxidation and various processes for steam reforming.
2. Steam Reforming to Make Syngas
[0031] In the catalytic steam reforming process, hydrocarbon feeds are
converted to a mixture of Hz, CO and CO, by reacting hydrocarbons with steam

over a catalyst. This process involves the following reactions:



or (2) CHm+ nH20 = nCO + [n+¥(mM2)]H2 and (3) CO+ HRO = CO2 + H2 (shift
reaction) [0032] The reaction is carried out in the presence of (g Feg gy st -
Any conventional reformng type catalyst can be used. The catalyst used in
the step HO2WHA¥tic steamreforni ng,conpri ses at | easPCHRE2MPIWE net al
or netal oxide of Goup 6 or Goup 8- 10 of the Periodic Table of the

El ements. The Periodic Table of the Elenents referred to herein is that
from CRC Handbook of Chem stry;, PhySi Edi ti on, 2001-2002, CRC
Press LLC, which is incor porat(elg%ﬁe?%é'_bs}qg%ggence. - - - [00331 In one
enbodi nent, the catal yst contains at |east one Goup 6 or Goup 8-10 netal,
or oxide thereof, having an atom c nuntf®r of 28 or greater. Specific

exanpl es of reform ng catal st _can_be use e njckel, nickel oxide,
cobalt oxide, chrom a an&%%%bﬁ%ﬁgén“o%ﬁﬁ)ef [‘%{“?@i‘{é# , the catalyst is
enpl oyed with at | east one pronoter. Exanples of pronoters include alkali

and rare earth pronot er g3y &enenah Iy caproppt gﬂd@}&&ﬁbrgoxi de catalysts are
preferred. [0034] The anount of G oup 6 or oup 8-10 nmetals in the

catal yst can vary. Preferably, the catalyst includes fromabout 3 wt %to
about 40 wt [®@3@] at |Twsieactiom & carped oot Gt préleridd obtadatalipasedngn t ot al

wei ght of the catalyst, Preferably, th% cat al yst includes, fromabgut 5 w %
to about 250qRvensigpal e foring: PO b6 Uatd. ci(wt%lyw%méh? SKB&Ed on
total wei ghEatQIIfytiIc Q?eaﬁﬁ}élt%fﬁhg cﬂ)QgﬁéLs dBask %fnefa%wrrfe@éladrxﬁétéla@iih%?' ly

contains one of nore netals to ppress carbon deposition during steam
reform ng. Sualp Gret Greupas-¢0 o€ Keckathdid Tabta ofibe fddnadrss. oThePerigdicl Batkdad G oup

15 of the Periodic Table. of .the Elenents P. r o) 14 and oup 15
Tt s i el SHE IEmERR uReRed 10 B e CHC Habifont St CoariefL fudh Buch
netal s are Pl'i}ﬁsic%[ 8bhy Euonl 960 -2O0X R C Bicdl VST, Whidis i hte@Tefe®m about

0.1 w %to abouf 30 wt % based on total weight of nicke in the catal yst.

-0 8 FEB 20017)_/ refg@eroOB5/ 051872 PCT/ US2004/ 035474 13 [0036] In a catal yst
R X Y R
ni ckel and/ gfoupo®abtmanr @foxsiCiRa®if,gavingeart SRELO @Mnber 682D @R gréifer.

Specific examples of reforming catalysts that can be used are nickel, nickel oxide,
cobalt oxide,_ chromia -and molybdenum oxide. Optionally, the catalyst is
employed with at least one promoter. Examples of promoters include alkali and
rare earth promoters. Generally, promoted nickel oxide catalysts are preferred.
[0034] The amount of Group 6 or Group 8-10 metals in the catalyst can
vary. Preferably, the catalyst includes from about 3 wt % to about 40 wt % of at
[ least one Group 6 or Group 8-10 metal, based on total weight of the catalyst.
Preferably, the catalyst includes from about 5 wt % to about 25 wt % of at least
one Group 6 or Group 8-10 metal, based on total weight of the catalyst.
[0035] The reforming catalyst optionally contains one or more metals to
suppress carbon deposition during steam reforming. Such metals are selected
from the metals of Group 14 and Group 15 of the Periodic Table of the Elements.
Preferred Group 14 and Group 15 metals include germanium, tin, lead, arsenic,
antimony, and bismuth. Such metals are preferably included in the catalyst in an
amount of from about 0.1 wt % to about 30 wt %, based on total weight of nickel

in the catalyst.



down when reacting steamw th hydrocarbons hi gher than nmethane. The
concentration of such platinumgroup netal is typically in the range 0.0005
to 0.1 weight percent netal, calculated as the whole catalyst uQigtrgp 2007
Further, W@2@awal8jgt, especially in preferred forns, CcRPOTAUSWHAIIZLIA

pl ati num group netal but no non- nobl d3catal ytic conponent. Such a catal yst
Is nore suitable for the hydrocarbon steamreform ng reaction than one

cont ai ni ng &@k ti num[grog%}I gﬁt géent]@fg r?gsnﬁggv%%o&%ahsm?%orta%taaﬁgqyese a R

greater fra of th Accessi bl & to i Ng gas.
typi cal conpeséntainepdradab G0l prouptiattalsh emiclisad capabie of tnctdasing lige r ange
0.0005 to 0.5% w w as net cal cul ated on the whole catalytic unit.
[0037] - - leétﬁeofethﬁ@éﬁ%md/‘)lt sbalt and phercreasing the denderey to sonaych ar e

packed w (g 0h' SR Rhile ALANLER 1EELELAN Yiakheyap! sl al yit or anul es

conpri se n|c or ot her ytic agents deposi FE0 on a €Uitapl €' nert

carrier madcicestratidvsfesuph @iammlnl grougt imetatssttgjnycsmy irsthbliré) gUpEods tte 0. lon cal ci um
alum nate, alumna, spine] type magnesi um al um num oxi de or cal cium

al uni nat e tW?’éﬁhP@ceﬂt[rGBtﬁé]CaiCH afegk asdhe vhete erbvdiviEntiurbet fhe #&lKidr ocar bon
reed streamghdad ffﬁ@é@g@a% P a@%ﬁﬁﬂl R {?u&ﬁgl%na@%eeaﬂbﬁﬁﬁo hghormer. The

hydr ocar bon reheate erature as

consi st ent antm cﬁtlahma\mhqjommtofSuch rnd@mlyseds ﬂmr@bm&\lbhs ﬁfr thd hpirodaetsin
deterioration. Since _ steamref is .endot her mc in nature, and since
there are pite®iEHMingireaction %eﬁﬂtalemgh%a{ atinumy &1 Al R edd by

| ndirect heablBiddl b otethill A2 AlafciBh SR AR N0e meta[)@@accés%%f oS desired

to facilitate e attadl nnment an |ntenanceo a sul erature
wit hi n t he thetarcherg gat. sAltipicdlcootedt ofplytinun graipdestal whéreuded amnehremt bot h

t he hydroc bon fee nd t team t ra f at |.east 200G
preferably %faqggz) @ﬁd@éﬁ;h’vgw@éw& ‘ﬁ%gcg?‘?hw Ejéﬂé\'yﬂf’ Mitcarried out
at a reforngpzyt enpergl aﬁ@e%oﬁwﬂaﬁe%ﬁ%%ﬁuhﬁ BBRHEs fabR0UnictPLRS er abl y
from about 800(! to about 1,100C, and nore preferably from about 900Cto

about 1, 05@@ckgdodt schd wmlystygmpdc% vBietaratily, ithe shied rc@tabysmammsul d be

suffici ent for ba an ngas.
Preferably’ Fﬁ’é‘sg vl??glﬁrl g}hersﬁ%@lgeﬁgg&q%{?pf’%eﬂnc?h efglg ) erfrom about
3,000 per hoEridlo Mot prekabOtH htdNaB id 8680 supbbr@Deh @alkhfe aluminate,

PCT/ US2004/ 035474 14 per hour, nore preferably from about 4,000 per hour to

about 9, 00@Iysenarwiel tynecmagnssimps lamisuan pyide popaleismAlumiGOtitaeate.nour t o
about 8, 00?0(%985 hour. ‘In yet another embodiment, both the hydrocarbon feed stream and

the steam are preheated prior to entering the reformer. The hydrocarbon feedstock
is preheated up to as high a temperature as is consistent with the avoiding of
undesired pyrolysis or other heat deterioration. Since steam reforming is
i endothermic in nature, and since there are practical limits to the amount of heat
that can be added by indirect heating in the reforming zones, preheating of the
feed is desired to facilitate the attainment and maintenance of a suitable
temperature within the reformer itself. Accordingly, it is desirable to preheat both
the hydrocarbon feed and the steam to a temperature of at least 200°C; preferably
at least 400°C, The reforming reaction is generally carried out at a reformer
temperature of from about 500°C to about 1,200°C, preferably from about 800°C
to about 1,100°C, and more preferably from about 900°C to about 1,050°C.
[0039] Gas hourly space velocity in the reformer should be sufficient for
providing the desired CO to CO; balance in the syngas. Preferably, the gas hourly
space velocity (based on wet feed) is from about 3,000 per hour to about 10,000



10040] Any conventional reformer can be used in the step of catalytic steam
reform ng. The use of a tubular refornmer is preferred. Preferably, rée
hydrocarbgQn. feed is passed to a tubular reformer together with s @ rEn B

t he hydrgg)a y ?5?1"15'?% steam contact a §{eam ref orning cat By YEp200419356ie

enbodi nent, the steamreform ng cat allyst is disposed in a plurality of
furnace tubes that are maintained at an el evated tenperature by radi ant

heat transf per lmmd/ mpreyreoatilpdtom abdith 4difipes hoartoghewsd, 00updr hosyahdas a

ortion of the hydraqcarbon feed, is burned .in t reforner furnace to
gxt ernally H’Qé&?%%éﬁﬁﬁzéfﬁ&nhﬁbo%tg@é’g Hsﬁﬁ?‘gitﬂ?‘b@géf&ﬁd’rﬂ @anpl e, Kirlc-C hner,
Encycl opedi oﬁtq Chem 2943% J%gﬂbﬂﬂyrefo%ﬁ'lgrE%’bel&g?’inégé’lsteplgf cRalylpl: and

U | mann' s Ehcycl opedi strial Chem stry h 1989, vol. A A2,
p. 186, t hesteahaeformipgr tThenascobf eaobulbereformharl isyprefeced.p direfeexbly, the ei n by

reference. [0041] The ratio of steamto hydrocarbopn feed will vary depending
on the oveﬁ‘ﬁr?c%}é‘i’iﬂ&?‘?doﬁqusﬁeq F%ar@f"t‘)lﬁhb%F’WetO&?fgﬁfn‘f‘"t fStedfle A APl oyed i s
i nfluenced ' YAt IS5 2PEShid

catal yst, aly?f%i/@%%%&ag{g%gf%t%& r?etét%!gﬁe con? %%tgﬂa g&et ﬁiblrééf Qﬁhﬁﬁeﬁ(ﬁe t he

ref orm ng cthadidanonsformingt catalgst. is dyposdd m b phirslitytdfefurmake tulgs ithatafre st eam t o

hydr ocarbon feed ip the conventi onal rimary refornmer unit .is preferably
1 om about eBlamedab g glevaied tempepre B yadpcal Feaermtor Syt 4: 1.

10042] Typi Gah b¥mbhfiforSyReaShid) iR a§9?91‘ti'o§%? Y Y RIS Ao iSREREN Oxi de.
The hydrogen to carbon ©Oxide ratio of the syngas produced w'll vary

dependi ng an thhecfornmenlfimeonth ekemmilyfheahther effomes tubdertbéremabBye, fohe nol ar

rati o of hydrogen.t rbon_oxi de i.n t syn ill ra ro bout 1:1
Lo about - Skambilo it ERERo P selrbeit & Chier Tthpieesgant es-cBon oxi de
wi Il range Jgrom, @bost: ZdlUenARQUEncYclbpediy &T FRESHA €h&hRRY.Y5thheq ol ar
ratio of hydrogen to carbon oxide will range fromabout 2:1 to about 2.5:1.
- Most -pr ef erl@8Py velh A8} ar 186.athearleytnthyartionfent eerhcheing fullyx ingerparated r ange
fromabout ;2:1 to about 2.3:1. [00431 Steamreformng is generally carried
out at supé}eﬁ%uﬁégﬁgie% e pressure. The specific operating pressure enpl oyed

i's influenqeg4l)y the Phemsidrs stéaew hnlrediborofect REll SUbBs@GHYRdihg Ph LSS | N
which the reforned gas mxture is to be 0 8 f E B 2001 WO 2005/051872
PCT/ US2004/008:34 endiions i ths, eformgr: Hdhggmaeumd of sisapfrapleysdds inflysneasur e ca

be used in b?rrt%%trieﬁ{-lﬂ&n%}eof avoiding carbon deposition on the catalyst, and by the '
acceptable methane content of the effluent at the reforming conditions maintained.
On this basis, the mole ratio of steam to hydrocarbon feed in the conventional
primary reformer unit is preferably from about 1.5:1 to about 5:1, preferably from
about 2:1 to about 4:1.

[0042] Typically, the syngas formed comprises hydrogen and a carbon
oxide. The hydrogen to carbon oxide ratio of the syngas produced will vary
depending on the overall conditions of the reformer. Preferably, the molar ratio of
hydrogen to carbon oxide in the syngas will range from about 1:1 to about 5:1,
More preferably the molar ratio of hydrogen to carbon oxide will range from
about 2:1 to about 3:1. Even more preferably the molar ratio of hydrogen to
carbon oxide will range from about 2:1 to about 2.5:1. Most preferably the molar
ration of hydrogen to carbon oxide will range from about 2:1 to about 2.3:1.

[0043] Steam reforming is generally camried out at superatmospheric
pressure. The specific operating pressure employed is influenced by the pressure

requirements of the subsequent process in which the reformed gas mixture is to be



i nvention, pressures of fromabout 175 psig (1,308 kPa abs.) to about 1,100
psig (7,686 kPa abs.) are desirable. Preferably, steamreform ng iFS carried
out at a ressure of from about 300 psig (2,170 kPa absl.zg to ab L_ﬁt EEBOZUU?psi g
(5,687 kPYO {51870 e preferably from about 350 psig (BXEYERPESAYs. ) to
about 700 psig (4,928 kPa abs.). 3. Partial Oxidation to Make Syngas [ 0044]
The invention optionally provides for the production of syngas, or CO and
142, by oxiehalbyved cateiughany éapesamosflexit @oeskwre lven ek nsalinpaidticalg thxi dat i on)
of hydrocarbons, particul ar| naﬁural gas and Cl - hydr ocar bons. Accordi ng
to the prda¥giionyuessuresRidom dpRta/Baite He08 hacahsd thiepputsl KU BSig gen to
formCO a ) R apfd u it - thout yst. The
use of a ggtdgﬁyggﬁbg') Bd(r}gfsd gsrﬂra@%f? E%éefﬁg?l b%tg%vég %‘(ﬁﬁ?#eisc%?g?@g@a%t%t ai ni ng
at | east ongegsore ofrfedifidboon3@) pdig dRI70 ikda abe) abd aboutdB). psTh €5,63DRRSS i S
essentially exothermc, and is an inconplete conbustion yeaction, having
the fol | owiakg) geeaeairefesatly fiom agut Gylnpsiz (ho 1Y P2 2bst9 AbQuHy BPHpsig 0045]
Non- cat al ytdis g @;Hﬁal goxi dation of hydrocarbons to H2, COand CQ2 is
desirably Lgsbc?i or prb)duci ng syngas from heavy fuel oils, primarily in

| ocati ons wher & _nat uPattial@sidatioh tghake Shyghsocar bons, i ncl udi ng napht ha, are
unavail abl e or unecoq" m.cal .conpared to the use of fuel oi]l or crude oil.

The non-catl@P4Mi c  paltFdhvealipasrhiennlly Rsewdes fog ﬂ&eaP‘fquEPO&R HPEnPeCt i ng
preheated fry gﬁngqggoay oxiawﬁg{bn%ag@t@%mrwﬁe&w héreRHENSA ik HxRaafiofi) 0Sed

conmbustion ¢ er. “Preferably, e individual conponents are 1 ntroduced at
a bur ner whéhgdtoveyboense particnlady diafuiralsgas ranfl (G A@s hydrochrbénsg Aocortdng an pr oduct s

and heat. In the conbustion .chanber, partial ,oxi.dation of the hydrocarbons
e sty Mo Bbeent e e Ao s Rt tradted A B Db AReen so A O

tenperaturggqand PrRSpHIcess isFERH&T B Witht fewithOmPoREMNS: age Riehgat ed and
pressurized to reduce reaction tinme. The process preferably occurs at a

t enper at ur eatefyst s mrafsowed, predgadyt withisbetcatelys0@ontammng at least preeggur e of from

above atnospheric to about 1 at [0046] Cat al vti.c,partial .oxidation
conprises PAS¥Re Oéqbagglglgﬁénéﬁyod‘i}%%agg’gﬁr cﬁstﬁre&yengﬁ%y 8’§<°§fbe§ﬁl,lc’ Sp‘gfser ably in
t he form ofin gichbmPleRs considistietireattion) hadidy erofollowRQSidnerat ffnauist s. The
reaction is optionally acconpani ed by the 08FEB2007 WD 2005/ 051872

PCT/ US2004/ 035474 16 | (1) CHum + /2)0; = nCO + (m/2)H,

[0045] Non-catalﬁic partial oxidation c_>f hydrocarbo_ns to Hp, CO and CO,
is desirably used for producing syngas from heavy fuel oils, primarily in locations
where natural gas or lighter hydrocarbons, including naphtha, are unavailable or
uneconornical compared to the use of fuel oil or crude oil. The non-catalytic
partial oxidation process is carried out by injecting preheated hydrocarbon,

( oxygen and steam through a bumner into a closed combustion chamber.
Preferably, the individual components are introduced at a burner where they meet
in a diffusion flame, producing oxidation products and heat. In the combustion
chamber, partial oxidation of the hydrocarbons generally occurs with less than
stoichiommetric oxygen at very high temperatures and pressures. Preferably, the
components are preheated and pressurized to reduce reaction time. The process
preferably occurs at a temperature of from about 1,350°C to about 1,600°C, and at
a pressure of from above atmospheric to about 150 atm.
[0046] Catalytic partial oxidation comprises passing a gaseous
hydrocarbon mixture, and oxygen, preferably in the form of air, over reduced or

unreduced composite catalysts. The reaction is optionally accompanied by the



addi tion of water vapor (steam. When steamis added, the reacti on is
generally referred to as autothennal reduction. Autothernal %&ﬁ Zdﬂf
¥}

bot h exot endotherm c as a result of adding b 51

WSS . (B;é
wat er . [Ogﬁ()?(ﬁ e partial oxidationgprocess, the cat aﬁ]‘t % s at
| east one transi t| on el enent sel ected fromthe group consisting of N,

Pd, Ru, Rh, Jr, Pt, Os and Fe. Preferably, the catalyst conprises at Ieast
one transi t adiitieh efewmter wpbe (dteran)f rWﬂm‘:n lsteagyr is wddeb el saitig tsfg@drall?t, and

. In anoth odi nent efera y catal vst.. co S | east one
tr ansition @?eé'ff’aﬁ) &% Ia'étﬁ’fl? Htltft?él ﬁ‘P{]?Ekber'&]Sﬁse\ég?tfoﬁ'gl Ot%fxo MENd I r.
100481 In Oﬁlﬂé?ﬂ%ﬁ?éﬂﬁ%ﬁsa%e'@ﬁltBﬁéddlﬁéb&h'oﬂ?&énoﬂlﬁﬁt@ yst further conprises
at | east one netal selected fromthe group consisting of Ti, Zr, Hf, Y, Th,

U Zn, Cd,[0847]A , Ti In e pdtial dhdatiop pehcesBithe waly@aGOHMSeBat Ie@ onv and Sc.

Al t |1 | uded th tial d t | t
one. T ar o eaPERIIGH SBRp SheLd o e BRR SOE S Bl St h g RAL I PR, pr
Nd, Pm  Sm oEung . ﬂ@ferm?/ohﬁ caledl stTdepmeﬁ'ﬁg 1dablt ohO@4R4itbA AgRLdRer

errbodr ment the catal yst enp ed in"the process may conprise a w de range
of catal yt |$§k.'|cteyl from tle gtonpmoemtmg pHPdeRampi RiPdIn meoth@hembodipeds, Ru, N,

Cr, Co, Ce, es t hereof terial s .not, nan onsjdered to
be catal yt |R,r5 r:ﬁﬂgé]{t’% ulﬁﬁ comitsey, a Ig%pgyér&nggo%glle%c Qﬁes?‘x?dofomlethﬁnpl e
refractory 5ﬁrd§§n§gﬁ1lg(§smpquph@dhte mullite, nmullite alum numtitanate,
zirconi a spi neI s and al um nabQCL"OOSOl In yet another enbodi nent, the catal yst

is conpri se[@o‘lﬁ] met al bn oneerabeditent; i paal oxidalion gatalyshfucthauednapries. t o 29,

10 10,47 g b g Y By e g Sl A, 70 1O
metal s’ are (L‘dlCBeAﬂnTG[ SupSS B4, P,hsb, BerNvgdCe, Talks G4, Vhe.nﬂserreratu@ that is
Fe, Cs, Co, Re, Ir, Pd, Pt, N, ‘and Ru. 10051] I.n another enbodi nent, the

parti a oerPﬁPF%)W d%&lﬁqi‘“ydstm é%part@ésoxatanonecwly%ne at feggst jomeoiqroearth
non-transit e oS p t | | h supports
are prefer aéll.)#%dl%r@gtge%a 8@ Wt &];) cﬁrgﬁf&@ﬂ%"atg_{ ?gc Nd E}ﬁ 1?’%0% ,

ot her transitt Dgp HeeEal Bmstblandd.uNi , Co, Cr and the I| ke. Desirably, these

nmonolith s orts ar preparedfromso fract ceramic materials
such as liﬁ‘% a, zi rdoffiother righpdingnt ‘ércf”é‘ SEF‘FIP@Q(X‘! i} thnPLOCess RAYr es

t her eof aRdmbR8e hivife rﬁféé%@%gfyytﬂé@? QAW eQohibbaedts; Toi-BAAGAL BB &,
Ir, Os, Ru, Ni, Cr, Co, Ce, La and mixtures thereof. Materials not normally
considered to be catalytically active may also be employed as catalysts, for
example refractory oxides such as cordierite, mullite, mullite aluminum titanate,
zirconia spinels and alumina.

l; [0050] In yet another embodiment, the catalyst is comprised of metals
selected from those having atomic number 21 to 29, 40 to 47 and 72 to 79, the
metals Sc, Ti V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta,
W, Re, Os Ir, Pt, and Au. The preferred metals are those in Group 8 of the
Periodic Table of the Elemeunts, that is Fe, Os, Co, Re, Ir, Pd, Pt, Ni, and Ru.
[0051] In another embodiment, the partial oxidation catalyst comprises at
least one transition or non-transition metal deposited on a monolith support. The
monolith supports are preferably impregnated with a noble metal such as Pt, Pd or
Rh, or other transition metals such as Ni, Co, Cr and the like. Desirably, these
monolith supports are prepared from solid refractory or ceramic materials such as

alumina, zirconia, magnesia, ceria, silica, titania, mixtures thereof, and the like.



17 Mxed refractory oxides, that is refractory oxides conprising at |east
two cations, may also be enployed as carrier materials for the gig@)ﬁﬁb
[ 0052] Inv?ag ﬁmgg;znent, the catalyst is retained in fo[,ﬁ_&f %j )
arrangenent . TRhe 11 Xed ar r angenent genle,rally conprises a SYOHEEH ot
catalyst particles. Alternatively, the fixed arrangenent conprises the
catalyst in the form of a nonolith structure. The fixed arrangenent may
consi st of Misedhgtfeactmpokidek, thst isuefranteryanxidealcompnaing \aeleast tv@ycationyri se a
nunber of separate nonolith structures onpi ned to forumthe fixed

ar r angenent maxa%pgq%?‘?ﬂﬂywamﬁ@?tF’ﬁ%‘fg?rgﬁe% $i ses a ceranic foam
Suitabl e ce h¢ foa f i # : . Ny cially.
[0053] 1 n y i 2hot hor mohedt REodiehianp CAERRE 18T ad th B S TR e f bed
i s i nj ect edanaigeneoy dBre fixeidoatrimegepmnt gederaki dabprises meficxdntexd @ftcatalypstt hane to

oxygen (i.e., 0O ratio . of from.abput 1.2:1 to about 10:1. Preferably the
feed and &%éﬁgal}g%q’?ﬁt‘é%‘%g‘qnﬁi‘%{)?lﬁ@gre@%‘i"??é‘?p“é’?s é‘erﬁ?{ & }?G flé??/gen ratio
of from abo 1 utra: t 1 to about
4:1. [0054] MV\%\? iéorn%#glyétglrc %Prr%y Trll%t eg%aggﬁ{lﬁg%ﬁg&%gﬁ igg}@%%édrgﬁcglnﬂlpr ocess.
When added, sttivture emcatetmaaren mefy osatpeise amuetbeedf septmtd menoléh sruenress not
general ly reater than ahout.65 nole % based on.total hydyocarbon and

wat er feed %5‘6}_?18?1‘5.“ %fr@fg?%bﬁi’ﬁpd RHERBSREEr IS 958@8'8‘5 n‘gllgf‘aﬂﬂ’é’&‘r‘ét a wat er
to nethane écﬁﬁ]bﬁhc@fa Bhmic FSAL eTSUiBR rdmicPfogf8IBPuYe MPthedp®atR ark han 2: 1.

[0055] The catal yst may or may not be reduced before the catalytic
reaction. lavadalesntoetireidin., the catalyst is reduced and reduction is

carried out passi aseous m xture . coppki sing hydrogen a i nert gas
(o g~ no 0B, P 25 B R Gt i R s P BAEE PGt

catal yst redbgid Bjeddédsih B @kn fih@®Mhe agiHl okidutith kéfoRBOUst DndthEhe and a
catal yst reduction tenperature of from about 300C to about 700C. Hydrogen

gas is usedxygen (keddoiplith ofdrom pbeitd:2ib |ty abgut d 0:1c oPreésien theofeedend r om about
1 nole %to l.e, % t of .. i Qn.gas.
L o e e R DDA § B R 5Py B,
reduci ng gase:mitx abow 8of, nforeprefeaibly 0@ aboB( DBl thabakout. 105 cnB/ ghr for a
period of fromabout Q.5 hour to about 20, hqurs. [0056] |In_one enbodi nent,

the partiall98Xtldat i onWelst aNgX% T maypet beotfdeddoshe [PH'SP(‘I# ?Bé@ﬁt.i"l’\/\ﬁ@?eﬁshe
catal yst i S\Vﬂgrg %(Eirféau ﬁﬁ@o?&éﬂﬁﬁﬁbﬂ QW& iReErel Ao B RENhef is¥3t 2004Rp 1872

PCT/ uszooar o FEB 700
greater than about 65 mole %, based on total hydrocarbon and water feed content.

Preferably, when water is added, it is added at a water to methane ratio of not
greater than 3:1, preferably not greater than 2:1.

[0055] The catalyst may or may not be reduced before the catalytic
reaction. In one embodimént, the catalyst is reduced and reduction is carried out
by passing a gaseous mixture comprising hydrogen and inert gas (e.g., N3, He, or
Ar) over the catalyst in a fixed bed reactor at a catalyst reduction pressure of from
about 1 atm to about 5 atm, and a catalyst reduction temperature of from about
300°C to about 700°C. Hydrogen gas is used as a reduction gas, preferably at a
concentration of from about 1 mole % to about 100 mole %, based on total
amount of reduction gas. Desirably, the reduction is further carried out at a space
velocity of reducing gas mixture of from about 103 cm®/g-hr to about 105 cm®/g-hr
for a period of from about 0.5 hour to about 20 hours.

[0056] In one embodiment, the partial oxidation catalyst is not reduced by
hydrogen. When the catalyst is not reduced by hydrogen before the catalytic



is reaction, the reduction of the catal yst can be effected by passing the
hydr ocarbon feed and oxygen (or air) over the catal yst at terrpertg ure in

t he range,gf,oé; about 500C to about 900C for a perio ol 2007 1
hour to Z\ggt}{]& © 7(%ur s. [0057] In th?\8 partial oxidati oﬁ’(g':’l%%{g@@f‘ rbon
0

nonoxi de (CO and hydrogen (H2) are rmed as maj or products, and water and
carbon dioxide (C02) as mnor products. The gaseous product stream
conpri ses témetiaiole revdentiomnddhe patalysictas, beafiosteddryt pagsing 4ot hydrecarbore. net hane

t | d .and f feed other th act ant s.
(0058 e Aoy rEHdRe DR aRT BRATAL Ao BB R aTP JeNE: PhEERb pr oduct
I's i ncr easgeoals0bRetosdbohii 9 OGRS for AperioPot o AbouP0. Mot e @ouf 0 Rorgact i on

occurs sinultaneously with the oxidative conversion of the hydrocarbon in
the feed 5D and He the pgriphsoxiditeonh pivasenr ¢asbom suchaxddd d€O)i and he

tial i dat i f ly.inth h
ont act i ngvfiaces (P o SreceBafpF Ribdisle el AeoRRL e SR EER ar1 y
sui tabl e fgf nfif® Refddal Te% giﬁ&é@'"br@ﬁuctmlﬁﬁﬁﬁ%mp?@w{lﬁ' abd9e meédBdALd at ed gas

or other sources of |ight hydrocarbons. this respect, the term"light
hydr ocar bopsidugts, angopveteshgeadtantsy(deonstisonorhzaiinl gas ot axygen)sanshr bon

atons. The proces be, adyant ageously applied in the conversion of gas
from nat ur8$m9°W8W¥ﬂdﬁp85ﬁW5§§%?"¥%p hane whi ch contain substanti al
anount s of [gpagpon di gRicewakédr RNAIRANAdhEERE], thBSHNTO g3 bah heawk -
preferably contains fromabout 10 nole % to about 90 nole % net hane, based

on total peductdsmeensed Wyrthe shigk waetinny CQ ndliy or dbar 66h. fBetiregeivmai ns from
about 20 nole % e 9 h S on total.feed,content. In
anot her  efRBoU F‘%ﬁl‘ﬁtaﬁ%ﬁg&‘ %ﬂ%ﬁ%ﬁdéﬁe ‘?rcg}%ﬁﬁsgogl :Sﬁ théenh)é‘rﬁ%garﬁ OThtt 5}18 | east 50%

by vol une, feeitbeCOr aiceHabby sghedseaThe H0Mrdarboal used, asafddns theppafiglr abl y at
| east 80% by volune. [0059] |In one enbodi nent of the invention, the
“hydr ocar bopxifletiquspreesss ispreferabhicindhe gaserus Rase yeheneontacting the catalyss wi t h_an

oxygen- Cor“rﬁ‘eit EL 1 98%atidd process ?yb%ﬁi%ﬁﬂ&%hithﬁ@ t&eﬁ?arﬁélygﬁ&étfoﬁr‘&tai ni ng
gas. Substantfrally pure oxygen as“the oxygen-containing gas 1s preferred on
occasi ons iethage tiaare] g, asinweded @gasivoiother Bamded of) liblr igeirac®boilss Iaf i nert
gas such as,nitrogegﬁb The_feed optignally caonprises steam 0 8 FEB 2007 WD

2005/ 05187RisFeInag 3 olaght hydrocarbons™ 1s a reference to hydrocarbons having
from 1 to 5 carbon atoms. The process may be advantageously applied in the

conversion of gas from naturally occurring reserves of methane which contain
substantial amounts of carbon dioxide. In one embodiment, the hydrocarbon feed
preferably contains from about 10 mole % to about 90 mole % methane, based on
total feed content. More preferably, the hydrocarbon feed contains from about 20
mole % to about 80 mole % methane, based on total feed content. In another
embodiment, the feed comprises methane in an amount of at Jeast 50% by volume,
more preferably at least 70% by volume, and most preferably at least 80% by
volume.

[0059] In one embodiment of the invention, the hydrocarbon feedstock is
contacted with the catalyst in a mixture with an oxygen-containing gas. Air is
suitable for use as the oxygen-containing gas. Substantially pure oxygen as the
oxygen-containing gas is preferred on occasions where there is a need to avoid
handling large amounts of inert gas such as nitrogen. The feed optionally

comprises steam.



19 [0060] In another enbodi nent of the invention, the hydrocarbon feedstock
and the oxygen-contai ning gas are preferably present in the feed iﬂfﬁ]ﬂ]
anounts as to g_i ve an oxygen-to-carbon ratio in the range of fromab 07
0.3:1 to ab¥299¥'48R2 npre preferably, in the range of fPERUSBOHOIDIA5: 1 to
about 0.75:1. References herein to thel®oxygen-to-carbon ratio refer to the
rati o of oxygen in the fromof oxygen nolecules (02) to carbon atons
present in tiypglyydr Oca[rg%thér%ﬁmﬁﬁ&ﬂ PR\ BV BbY, the hgdl%mﬁﬂféé?mfbék bon
ratio is in the range of fromabout 0.45:1 to about 0.65:1, with

oxygen- t o- caartuothe oy goscdntrining gas gropretiralilj gresentondhé taedtinisuclr ampuntef 0. 5: 1,

that is ratios in the range of from about, 0.45:1_.t.o_ apout.Q.65: ein
.nore pref er r&gto Wgr‘?lls‘?xéﬁ%i'?%'c?)r g8 dAo i"thh{%@ng%é’g ,ﬁ%ég‘%‘ﬁe%gil ?Oo%@i’?bong
ratio is notggneahgfe hR&MHAPOTH tﬁeoéaﬁ%e B9 BorR! Sk abhy 1 Nt a8HRaDEK: It han

about 2.0:1. The hydrocarbon feedstoc t he oxygen-contai ning gas and steam
.if present Refesnpesicaeinld thow!igemtxeatbpn raro teterie iegratio mif azygeh inithé t he

catal yst. [0061] The partial oxi i.on _process is _operable over a,w de range
of pressur e‘g‘?mF%goéﬁ%“i fegeh eICB%§ @%Satoc??ﬁ?ﬂ%’r 8\%)&}3 _g]éeé?’ﬁ,meh?vgi"grffc?fm%sur es,
that is preagsssick. SP@Rirdtl¢atel okyaBRYE caboP SRNLIs 6 tRE @SS 6F frameatiuef erred.

In one enbodinent, the partial oxidation process is operated at pressures,
of greater thénl tt mbephodel,upitho oxygsuttorsdoparaiios Pieitky abgipn ohehparti al

oxi dation process _is. operated . at .pressure,in.the nge_.of . f.ram about 2
bars to aboﬁ?‘)le]?gmﬁﬁ}csfa l%?e&gﬂr él?agrlgﬁﬁlosfl}%ﬂ? éﬁﬁ?toég%lir%bot% 0Bt 100

bars. [0062]ahdtie0.881! bethg D%k &l pidf@iedd ' WEES Stedrf i@ Roe BE fifeed QM@ EtedmM de
range of tenperatures. At comercial scale, the feed is preferably

cont act ed witetgaxbea ragaisanafsgregier phahaboshgdr hiapespreforaldy a0k gHstHTBa | t he
feed m xture,is £ant ' t st K 5 j ess of
600C. " pr ef erab O S dgralebb B IS Bln Sb EREY B8 Sef1EP

- t enper at ur e préseht) arerpaefgmbbf wel enixad pridr 16MREgtcontaatedurithl the@a]lysior e .
preferably from about NOT tq about 1, 600C. The feed mxture is preferably
preheat ed pf®¥Hlto cortaRarHe PHisatan Fr9Rses 1y ORFEPICTRET fR8Hde Ja3%50 0 ded
during the L O farhi C i I i -0 forma
Subst ant 1 | Rt ° Bof pICRtRnRCaE S Shmerc Bl AL Bep e bR 10 e

vel ociti es pesspures ssghificantiyr mhbve | dmpsphefic gpresquee, kid pgefaned.of Inabmd yst per
hour) are in the ran of .from apout 20, Q00 /hr to abaut 100, 000, 000
Nkg) e o Pwoptiskahdfi ol STGRRGH bieSets of Prfreiaiot Prestisn oF e thin

OBFEB2007 atmospheric up to about 150 bars. Preferably, the partial oxidation process is

operated at a pressure in the range of from about 2 bars to about 125 bars, more
preferably from about 5 bars to about 100 bars.
[0062] The partial oxidation process 1s also operable over a wide range of
( temperatures. At commercial scale, the feed is preferably contacted with the
catalyst at high temperatures. In one embodiment, the feed mixture is contacted
with the catalyst at a temperature in excess of 600°C. Preferably, the feed mixture
is contacted with the catalyst at a temperature in the range of from about 600°C to
about 1,700°C, more preferably from about 800°C to about 1,600°C. The feed
mixture is preferably preheated prior to contacting the catalyst.
[0063] The feed is provided during the operation of the process at a
suitable space velocity to form a substantial amount of CO in the product. In one
embodiment, gas space velocities (expressed in normal liters of gas per kilogram
of catalyst per hour) are in the range of from about 20,000 NI/kg/hr to about
100,000,000 NV/kg/hr, more preferably in the range of from about 50,000 Nl/kg/hr



WO 2005/ 051572 PCT/ US2004/ 035474 20 to about 50, 000,000 NI /kg/hr, and nost
preferably in the range of from about 500,000 N /kg/hr to about 30,000, 000
NI/ kg/ hr. 4. Combination Syngas Processes [0064] Combi nation reflof REBapg7

pr ocesseswoarRahTE7He i ncorporated into this invention.pdpresndanseh

conbi nati on reform ng processes include autothermal reformng and fixed bed
syngas generation. These processes involve a conbination of gas phase

Paf or i g obRel sEPHabE AR A Bt IR, tn U ke AT BbHE S cos, o
primary oxisgalio0NIKAGESs Shaind0806,000™UAtymSt eam reforning process. In one

enbodi ment, a hydrocarbon feed streamis steam reforned in a tubul ar
primary refornerdby donnbisationg e Prpgesear bon and steam with a reforning

catal yst t rm a hydrogen. an Q Lde ainin rimaey reforned
Gl the calti R CERRENAE SAEARTERE LA fioBfhuenl Y .
secondary [@fAfioRr - Exdingloe of Gbabinaie , refdimise pestdeey inahes mgotlenabides a

cylindrical refractory lined vessel with a gas m xer, preferably in the form"
of a bur negforminghand nfised thedt FEIEadf 2epati@s s e Thased paotsseesoinveiekeél cat al yst

in the | ower g I g [r OE:EEE e it gas fromthe
primary r\gf%8 R@?xﬂ&é??ﬁg@a&vﬁ%ﬁgﬁﬁéﬁg &gssl%%a%k y r%%ﬁf?%%t?sf, and the m xed
gas parti alfoeps] di zed The agiathbanal MEdFoREhHRS pré 6 Glreferabi oddngirisesTbodi ment
i ncorporating the autothermal reformng  process, partial oxidation is
carried OuSYRESS ZRRCTRISAIOPCSESS, G Y ppdelion propessfagd spsepondapyl Si§a8k bon f eed,
oxygen, an 4 stgea d, & ] 3 f a single
| ar ge coax?%fﬁ%bg:}gr&%ﬁ i% g%:et glﬁlgo e rﬁﬁias%dé_?%g%lg&} rﬁ%tg %:Pegg‘g'ié g{?gl(s?le parti al
ogi dati on reforenedOaygmibulas ppmaferedtrimershyp phiitadingrthahydiwoatbon whd efeami s | ess
than the ampunt required for c | ete conbustion., [0067] Upon reaction in
the partial6d SiPTBRSGRNL 17 3 6ritydroRen g8d Sarbon TRPKIdnFANRINEE mar y
reform ng BERSEPRIGYA 220618 LB MM IGECESAS VRS fultBer iRBRagAPOdI MENt
t he gases are passed over a bed of steamreform ng catalyst particles-or-a
nonol i t hi cirbihe gecondaryorformee Istoaa wmbefdmmit the ewidagbiefornicn encdundes rae
Y OCar DO A g ah 1S Dese Wit a Bas™ terC plefdehIS in the S5t e a &7 !
burner in the inlet portion of the vessel and a bed of nickel catalyst in the lower

portion. In a more preferred embodiment, the exit gas from the primary reformer
is mixed with air and residual hydrocarbons, and the mixed gas partial oxidized to
carbon monoxides.

[0066] In another embodiment incorporating the autothermal reforming
process, partial oxidation is carried out as the primary oxidating process.
Preferably, hydrocarbon feed, oxygen, and optionally steam, are heated and mixed
at an outlet of a single large coaxial burner or injector which discharges into a gas
phase partial oxidation zone. Oxygen is preferably supplied in an amount which
is less than the amount required for complete combustion.

[0067] Upon reaction in the partial oxidation combustion zone, the gases
flow from the primary reforming process into the secondary reforming process. In
one embodiment, the gases are passed over a bed of steam reforming catalyst
particles or a monolithic body, to complete steam reforming. Desirably, the entire
hydrocarbon conversion is completed by a single reactor aided by internal

combustion.



WO 2005/ 051872 PCT/ 1JS2004/ 035474 21 ]0068] In an alternative enbodi nent
of the invention, a fixed bed syngas generation process is used 8 iEB Bbm
syngas. In the fixed bed syngas generation process, hydrocarbon feed and
oxygen or vAnz@sp§esizcont ai ni ng gas are introduced separBCBUg200003542 fl ui d
catal yst bed. Preferably, the catal yst2lis conprised of nickel and supported
primarily on alpha alum na. [0069] The fixed bed syrigas generation process

Is carried t Congﬁ ﬁérnaﬁ'ffe %BM@fhﬁﬁt bEMBSh LR V\%gi%gd BE@ IS t hat

favor the f na ion o rogen and carbon nonoxi de or exanpl e,
met hane is g@mcateuh mot:éssaxylgmtcaﬁdnssmﬁ It éredlbyd syegasegemeratios are in

excess of about 1 Zéﬁ% Eut not so hi to cause .dj sant gration
of the cat aPS?g?SSoPy rﬂ%ar 1 K¢ A8 8¥yggltcg|a§}509(yg%qqn&1@§gtg3@g§eﬁg}ro Ut ef er abl y,
t enper at ur eg. 6C), nore
pr (r;P erably, 1p %%%gélg(g% rﬂlﬁgeg&b%b%eg%?%gé ?%%J%Q?LﬁB Fls 13?915@3%30 f(lflglg% )
Pressur e i naidempporetiptiariyympeshapneriz i on process may range from

at nospheri c t about eres ne enbodi e pressures of from
Bbout 20 atMI3heres 10 AGLPELTRET BLBFRPESTAES rarist BhET ICEITSI | owe
subsequent pr QeRISEEniperdth e agd pwsgﬁwtthat Th TR kahRti6R WP hSaRIgeR afd Product
gases. [0071] In one enbodinent "of the invention, nethane, "stéam and oxygen

are i ntr oduzelbri moooxidé e, be@xmpbepmtmghwreacﬁeéomthq@cygﬂe andtskeame and

oxygen int bed. Alternative h l.ut.ed, w steamas it
enters the I%gge_r:.iebl}grtglpgggh*rv arfay F‘?h%’gs 8ﬁ%’°§f%2ﬁ¢“§}@§%@e‘wt&?t%ﬁt’f&Pﬁﬁne to

st eam ol aryr@hdedisihte ffrarﬂ@mo@bweatélﬁét é10h8 BkingdoflcatA NS pRiesopé@Eabl y from
about 1.5:1 to about and the nethane and steam nmixture is i njected

into the beRteferatdy.cicatperaturen sangst fpm eheutol, 650°Bx(PG4I0)t o AU ah®SQ°SF f r om
about 0.2:1.t out 1. re ref r abl § 0,.4: lt out
0.6: 1. [OO%Q]O%f5 ano?’f? ch]r?&? n% @ﬁoﬂhéﬁog%ﬁ?ﬁfﬁ? h‘u bPthl ed process

is _used widloieay ckel based cat al yst supported on al pha alum na. In another
enbodi ment, silica |s included in the support. The support is preferably
conprised dPOM | eastProssuyg ighy ﬁﬁﬁda‘?f@nﬁﬂﬁas BEREAtATE PEICSS {naxt TaNgRst about

98% al pha @l HoAGpnBRASR%EbBR APkiosPRéA  inUne thfbodHRAR! fressiddd JTERNP 007

about 20 atmospheres to about 30 atmospheres are preferred, which allows
subsequent processes to proceed without intermediate compression of product
gases.

[0071} In one embodiment of the invention, methane, steam, and oxygen
are introduced into a fluid bed by separately injecting the methane and oxygen
into the bed. Alternatively, each stream is diluted with steam as it enters the bed.
Preferably, methane and steam are mixed at a methane to steam molar ratio of
from about 1:1 to about 3:1, and more preferably from about 1.5:1 to about 2.5:1,
and the methane and steam mixture is injected into the bed. Preferably, the molar
ratio of oxygen to methane is from about 0.2:1 to about 1.0:1, more preferably
from about 0.4:1 to about 0.6:1.

[0072] In another embodiment of the invention, the fluid bed process is
used with a nickel based catalyst supported on alpha alumina. In another
embodiment, silica is included in the support. The support is preferably
comprised of at least 95 wt % alpha alumina, more preferably at least about 98%

alpha alumina, based on total weight of the support.



WO 2005/ 1151872 PCT/ US2004Th 5474 22 [0073] In one enbodi nent, a gaseous
m xture of hydrocarbon feedstock and oxygen-containing gas are caontacted
with a reform ng catal yst under adiabatic conditions. For the purgpﬂ)EB&ZRﬂf

this i nvenW@Qﬂm—J‘,gp@—,&er m "adi abatic" refers to reaction Bgﬁmfé‘i{fgmiﬁp whi ch
i

substantially all heat loss and radiatign fromthe reacti

prevented, with the exception of heat leaving in the gaseous effluent
stream of the reactor. 5. Converting Syngas to Methanol [0074] The syngas is
sent to a ndP8EHol syninherss embedigen's a458e088 MyE ety drogsrbem GedstPble

met hanol synthesis process is C i I Nethe presence of a. t hanol
synt hesi s cd” |°§f§%“r‘1£ fﬁg%ﬁngl g4s eeC%g%B{ggiQﬁ%n% 1?f%fn§fﬁga§§ P%&)eg é’ﬁiabggci s to
the net hanolcongiyibheiefoy m&gﬁ@ﬁﬁses bh tEp dhietios Mped kRN tadibtigich\tefeRp e, carbon
nonoxi de, -and/or carbon dioxide -content- of the syngas is adjusted for

ef ficiency otactionrrpadiioss. inDebich subsjantiale atlykrghsloshpnd rediatione fiem Hhsol

synt hesi s react.or .has .a_ _nplar ,rati f to_carbon oxides (CO +
%) i ¢ he PR BRE e mranisds P o PR B8 it Haie LM BB e
range of fr QmnapOstieat: dftle raefyst 10: 1. I n another enbodi nent, the syngas
has a nolar ratio of hydrogen (H2) to carbon nonoxide (CO of at |east 2:1.

Car bon di oxi de i $.opti ertingpgryageste Methanel anpunt  of not greater than 50%

b i ght, |_weigh | r abl h
ot of oht ot 00k  ar | o3 b bod BRERIORI I bE BesTR FA et G yi 1
of met hanol mdaiknoNOThe Gndth@ld] agnthesiy LS i§ Beovaplisied ip e prkéncetof Of

nmet hanol . Preferably, the s n%as fed to the nethanol synthesis has a
st oi chi onet methang] synthests atdlyste. | a nolar ratio of H2: (2CO + 3CC2)) of from

ore. pref or 401 “a st drceoRRPRERb aE Sk, PR AT 5, el AR, o
1.8:1. [007¢inthdsés Pfaesontianinothes| ahbodément, theathyaitogen, darbonhmonyxidas shoul d
and to" m nAHZE BHER IS GPATHES PADPESHY 1br BUHEES GHCRIASIBUr S T no. AL
e Sare, SRSl DALY RETalg BsemErt el Gutis kol so o
mol ar rat i onmiar ritio ot hlyduaged) (Bo)tto catbontoxide? (CHr ¢f €0abinythierremgeatofrom0. 6 t o
about 1.0. gbo%t E%Bl %ooz%?out 20:1, preferably in the range of from about 2:1 to about 10:1.

In another embodiment, the syngas has a molar ratio of hydrogen (H;) to carbon

monoxide (CO) of at least 2:1. Carbon dioxide is optionally present in an amount

of not greater than 50% by weight, based on total weight of the syngas.

[0076] Desirably, the stoichiometric molar ratio is sufficiently high so as

maintain a high yield of methanol, but not so high as to reduce the volume

{ productivity of methanol. Preferably, the syngas fed to the methanol synthesis has

a stoichiometric molar ratio (i.e., a molar ratio of H :(2CO + 3CO3)) of from about

1.0:1 to about 2.7:1, more preferably from about 1.1 to about 2.0, more preferably

a stoichiometric molar ratio of from about 1.2:1 to about 1.8:1.

[0077} The CO; content, relative to that of CO, in the syngas should be

high enough so as to maintain an appropriately high reaction temperature and to

minimize the amount of undesirable by-products such as paraffins. At the same

time, the relative CQO; to CO content should not be too high so as to reduce

methanol yield. Desirably, the syngas contains CO; and CO at a molar ratio of
from about 0.5 to about 1.2, preferably from about 0.6 to about 1.0.



WD 2005/ 051872 PCT/ US2004/ 035474 23 [0078] In one enbodi nent, the catalyst
used in the nmethanol synthesis process includes an oxide of at {jg&¢B Wile
el enent selected fromthe group consisting of copper, silver, zinc, boron,
magnesi unWQPWAPALBR vanadi um  chromi um manganese, gal PCDS2008D3SATH um
osmium and zirconium Preferably, thé3catalyst is a copper based catal yst,
nore preferably in the formof copper oxide. [0079] In another enbodi nent,

the catal yaﬁpvwd i N FenaehitdaRhent Yhs BaGiEt nREPHEIBe infetRaroPRPSheh@sed
catal yst, ich includes an oxide of at |east one elenent selected fromthe
group consipoeesy oclusics vaar pxide nef, atblsatinoneralgnesit usalecsddu fionurthe gramadi um
chrom um man%aﬁese %al | i um, %F%al | %dirl_.)urgg %sn‘i um and fi r.coni um d.Pr ef erably,
the catal ysOUESHER| Hs “RFerlt a8 % TRERESEE ANIEWE, VAR e rent

sel ected frmhiien InaHPare) SaBiubl) Galidivih NEsmilRY RRS IZ@bniakl MPRfERabIgNr oM um
and zirconium In one enbodi nent, the nethanol synthesis catalysf is

sel ect ed f rthencatalist g8 auponpenbised i aatplyst, mere gpeferaly diasthe o efx¢apgsr and

al um num oxi des. More preferably, the catal yst contains oxi des of copper
and zinc. [%‘(‘)‘%ﬁ) In yet another enbodi nent, the nethanol synthesis catalyst
conpri ses qoopRr OXi dBy arbtiiE efbbditenii@ ctalysCastd Bteth&BiNAD % HResis
Preferably, the at |east one other oxide is selected fromthe group

consi st i ng pofcess iscbeRnPer baded satalysh waieh dialedes @a oxpde afiptupes helelemeignesi um

oxi de, al uminhum,axi itanj . OX| h I Jm.OoxXi enum.oxi de,
tungsten ofF%@t,edgﬁé ?r%%%ﬁon chﬂ%!);(tim ed.&ﬂi/%f()g{f?’ F&ﬁm\?larniga g%%@‘fn r%%lﬁrp’s, t he
met hanol syahfeing chesratuys tmagapeses gdliuh) pallation; obthivh %d eiréhduh. 70 wt %
copper oxide, based on total weight of the _cat a)légst. Preferably, the

met hanol  sywefRebis teeratalystcoptagimoaprin 0xils ai anaxidapbiitleass gngpledicabpper

oxi de, and : . 0 6 -0 per

oxi de, basé Jgﬁd%? gﬁ{eﬁbﬁé&gwg%%grfa%?;{%fnogg%&i n’gl#gh]é%b%ﬁ;ent, t he
et hanol syithidains It analepsiodimenpy the esethanobsgrahesis catalst %6 tdecadibfitn30 Wt %
zi nc oxide, based on total weight of the )’{i’?tallﬁt Preferably, the methanol
synthesi s & SOYBCOBYNHE ¢k SOPRD PKUES HNCoXifesand ghumpim 99dsk MP% ne oxi de,
nore prefe ¥ ?a@f?&ﬂ 9 % zinc oxide. [0083) In
enbodi nment ?&?‘lrzlrﬁ%y:: E:}%m(?oppe?mgg%gxgﬁsfjbf?igﬁ%%g%ﬁfgﬁ%re both present in the
met hanol sYyii80si s cdhalygtstapothbe emboilioenf, thrp pmethombdesynthegis ncatabystde

comprises copper oxide, zinc oxide, and at least one other oxide. Preferably, the

at least one other oxide is selected from the group consisting of zirconium oxide,
chromium oxide, vanadium oxide, magnesium oxide, aluminum oxide, titanium
oxide, hafnium oxide, molybdenum oxide, tungsten oxide, and manganese oxide.
[0081] In various embodiments, the methanol synthesis catalyst comprises
from about 10 wt % to about 70 wt % copper oxide, based on total weight of the
catalyst. Preferably, the methanol synthesis contains from about 15 wt % to about
68 wi % copper oxide, and more preferably from about 20 wt % to about 65 wt %
copper oxide, based on total weight of the catalyst.

[0082] In one embodiment, the methanol synthesis catalyst comprises
from about 3 wt % to about 30 wt % zinc oxide, based on total weight of the
catalyst. Preferably, the methanol synthesis catalyst comprises from about 4 wt %
to about 27 wt % zinc oxide, more preferably from about 5 wt % to about 24 wt %
zinc oxide.

[0083] In embodiments in which copper oxide and zinc oxide are both

present in the methanol synthesis catalyst, the ratio of copper oxide to zinc oxide



0 8 F EB 2007 WD 2005/051872 PCT/ US2004/ 035474 24 can vary over a W de
range. Preferably in such enbodi ments, the methanol synthesis caf8IFg8t2007

conpri ses J j,de and zinc oxide in a Cu:Zn atom c¢ rati of fr.om about
0.5:1to a&g’@?@‘(f% preferably fromabput 0.7:1 to aboutp%tlljél? A 1T
preferably fromabout 0.8:1 to about 571. [00841 The net hanol synthesis
catal yst is nmade according to conventional processes. Exanples of such
processes caan bery oved ai wide). rfugePatbeeferatys in séehl eajl@ddnerss, Olhd, M&hand, 767, 039;
5, 045, 520; 5,254,.520;. 5,610,.202; 4,666,945: . 4,6 455 394- 4 565, 803;.

5,385, 949, HWTRCYHEHRESOMPIPSHPEF %}&@%%M@Oﬁffwa?ﬂ?&ragmr@aroherei n by

reference. [083mlatddt 039 t%%%i%ﬁ@?ref&ﬁﬁlsﬁﬁ‘élﬁ%oﬁm.ﬂﬁ%iaBoﬁt*'!‘S:IS,Xﬂ(Si%S ,
conversion plant is cooled prior to being sent to the methanol synthesis

react or. Pr pfeferablyyfrom abet §y8nlytesabioyt £dol ed so as to condense at |east a
portion of ter or forped. . duri he syngas-process [00861 The

met hanol sym}ﬁéﬁs prﬁ?‘gé%eﬂ?aﬁﬁrm{foca&gys&Fﬁemﬁg%g‘é(i‘?f&ngﬁ‘i’/ﬁ?ﬂ| BHo%n be any
convent i onalrJ¥BiseRNOEx SHFIENRS| ducR! HeE&Ses EX MRl @Sufdl i USE. MfReasses include
bat ch processes and cont’i nuous processes. Continuous processes are

preferr Fd. I uB4L2EP; 5éﬂ4$96;cé§§%§39;nd,0ﬂl51526i 2844588, el e &4,606e945; I )
i i , ~100871.1 ,
et hanol sy RRSaPE 4o dbl S b SN el I8 RIS of ek i AP 0

reactions: {medrporated Réidinbyekiefdic€6) CO2 + 3H2 - CH3OH + H20 [0088) The
met hanol synthésis processS is effective over a wide range of tenperatures.

I n one enmboli08Bht, thE exmegabodimentihecyigssiprned lie thesiwas consysiohesi s

I ‘ iR 2 b
sazr | 4500 Poph STBPIcF i BeipRehBARe ok BTt AN AR PRAl0 662

(3500), norwepyeisiatdoled o R 16 abgdeneé af Eanaghbaitn SKRE W280Gport formbout . 572F
(300C). 100891 The process is al so operable over a wi de range of pressures.
In one enbbHINgEHE SYREIEPYG#¥as i-s contacted with the methanol synthesis |

catal vt atigfseP" oSS UEfe | ferhbifol " e 6 APibmdied T FrBsak 0 200U

invention can be any conventional methanol synthesis process. Examples of such

processes include batch processes and continuous processes. Continuous
- processes are preferred. Tubular bed processes and fluidized bed processes are

particularly preferred types of continuous processes.

[0087] In general, the methanol synthesis process takes place according to

the following reactions:
(5) CO+2H; - CH;0H

f (6) CO, +3H, > CH;OH + Hz0

[0088] The methanol synthesis process is effective over a wide range of
temperatures. In one embodiment, the syngas is contacted with the methanol
synthesis catalyst at a temperature in the range of from about 302°F (150°C) to
about 842°F (450°C), preferably in a range of from about 347°F (175°C) to about
662 °F (350°C), more preferably in a range of from about 392°F (200°C) to about
572°F (300°C).

[0089] The process 15 also operable over a wide range of pressures. In one
embodiment, the syngas is contacted with the methanol synthesis catalyst at a

pressure in the range of from about 15 atmospheres to about 125 atmospheres,



0 8 FEB 2007 WO 2005/051872 PCT/ US2004/ 035474 25 preferably in a range of
from about 20 atnospheres to about 100 atnospheres, nore preferaBRyEpmy@

range of fyw@myaheig7,25 atnospheres to about 75 at nospher ggvpadfRR34,,as
hourly space velocities vary dependi ng,spon the type of COI’HI nuousS process

that is used. Desirably, gas hourly space velocity of flow of gas through

the catal yst bed is.in the rang eoagjp @m about 50 hr tq_.about 50,000 hr-1.
Pr ef er abl y, PEferahbuin ¢ raggecel FeRAOORy 26 atnpspieiss tqakont HPQ@&HGﬁw@r@m al yst

bed is in Qfin &8I m

preferably ﬁtgng?égg‘g 1%669% 1to %l%%a?ﬁfgﬁ’osgg&ﬁstto%ﬁmﬁggg%&% met hanol
synt hesi s pl@ise$s proaﬁnsehomlwapacetyelocfltlbwdax;cdepnndmg lq:@nbmepltgohubtfs

Accordi ng to the nethanol  conpos ':nbf ﬁ{; t hi |nvent|on irable to
oper at e t he PRIGRISES PESesssthabis s & ”’E%épaﬁﬁﬂﬁlﬁfl%fj f?‘@’t’l‘? nol

formed, but 4l 6o, ahdsbyden<phc 84N el Ah prham bSO 1DABSLEH DY

desi rable | nverS| oxygenat s toolefins. Inis parficularly
appropri at ehr't. oPneﬁeramy,zgastherlympwetvehfcﬂm fiamod{ gaothmeghi the tdtalystbbdnol

oryqonat s FOgHERFRS RKGHARRE o Tae (abHir hUE e JEFERRTY Gnba 1 < ho
met hanol gﬁcﬂﬁgt@hf eRCABt 10 ﬁooﬁéﬁl ning Crude Methanol to Make Met hanol

Product [00921 in conventional methanol synthesis systens, the crude
met hanol  pf@@uEt mi xﬂ“hcmdhmnb@nﬂmsmhmomlbmciMes 3ymd13e9fhydm|carb|ossfurther

processed aft acti obt n _a.desjrabl e, met ol -containin

conposi ti on?s EYBE%@g F%Dr ngds ,T%qﬁ%ﬁ? Lfloﬁﬁ‘glgltl%‘n\t}a 5 o rl1"?1’?—:'61‘?%s}g Exanpl es
of such neagsipel tédgpergﬂesﬂie' b@t:es.@nso %@'t@cﬁhﬁﬁuﬁoﬂ&e&ﬂ?tﬂﬁ%naﬁﬁ't gel ective
adsorption. Process conditions : nggratures and pressures, can vary

according tmethlaeolp@mlﬂd‘mlaralmﬂdahﬁcﬂe-s’@d i aleainisdebich s partigularly
particul arl m ni ht .boiling

ot nt “comotstieg i sl et o detetes i Rl Bes s Petane D dpp e o

subst ant i al loymagihied Mg tafibuanel thetBinorefoRaalin and nitashslabimthadideydes
and/ or ot her desirable alcohols also present. [00931 In one processing
system t heregloNadAEICAENBS 1955 slesisable b the Kenveriemah exyaeppenéai elefisact or | s

ST R L A Bl oo

boi I i ng poi nt coﬁrponemtfmmg)ChﬁerManhumi to iMiake tNMethael Prasdodt
[0092] In conventional methanol synthesis systems, the crude methanol
product mixture formed in the methanol synthesis unit is further processed after
reaction to obtain a desirable methanol-containing composition. Processing is
accomplished by any conventional means. Examples of such means include
distillation, selective condensation, and selective adsorption. Process comditions,
e.g., temperatures and pressures, can vary according to the particular methanol
composition desired. It is particularly desirable to minimize the amount of water
and light boiling point components in the methanol-containing composition, but
without substantially reducing the amount of methanol and desirable aldehydes
and/or other desirable alcohols also present. '
[6093] In one processing system, the crude methanol product from the
methanol synthesis reactor is sent to a let down vessel so as to reduce the pressure
to about atmospheric or slightly higher. This let down in pressure allows
undesirable light boiling point components to be removed from the methanol

composition as a vapor. The vapor is desirably of sufficient quality to use a fuel.



conposition as a vapor. The vapor is desirably of sufficient qua¢]|8 ﬁ 2ﬁqguse
a fuel. O8FEB2007 WD 20051051872 PCT/ US2004/ 035474 26 [0094] zg Bt
processi RYoye @72t he crude nethanol is sent fromthe pER:R36RI035474
synthesizing unit to a distillation system The di stlllatlon system
contains one or nore distillation colums which are used to separate the
desired nethanol conposition fromwater and h drocar bon by-products.
Desirably, [09%4] net hén@mo@@wm@g?&smrﬁﬁtﬁ@s thescry thasel if S6RH ﬁ%@ @eude

met hanol Sq r f an y | dehyde
and/ or al cgﬁaﬁ@ﬁp the gﬁ%gr%?al r?e ug r{]%g&%?udghgl coﬂpﬁrdo}lr ig%g&e

separ at i oncoﬁhaﬁifs&fr&hirmmfe m@tﬂhtlh:am]hunnem]ﬁmsaﬂslmad tdgdpasase ﬂ&p@ds&fe&d fromthe
crude net hanol conprises a npjority of the _acetal dehyde and/or ethanol, if
any, cont afakanoh cm@ow%éowetvﬁ@ﬁ@pd Bydigearben bygpedusts; oResyabboFheThe

distillati %éﬁabﬁﬁi %B}@BEI&I&E‘%AN@ golu’d%ﬂsfr&n ? r? e efidhé ”Soﬁaﬁﬁ gTEL hanol
steambe|ng stil SO as to renhbve or neu lze acids I1nt estream
Pref er abl y majorixgsef the nrdaed imi 4 heyjaity béaldehpde asl/@fd@bdl yepplemasst ral i zi ng

organi ¢ acids. that e und jn the nethanol stream,  Conventional base
conpounds EgRfaEd IBS@G r\’.‘i‘“ﬁﬁ*}?P@% BROT,H 195 BeDAFMeB L n HETs ?rﬁlblb’u methgnol et al

hydr oxi de @ F%E%

conmpounds. ?‘r’?ﬁ%‘ﬁ@&gg{aﬁscs ar 9&'2%%10%@%@1#?@61 5%’! C‘% %ng'ltﬁ}) a@%ﬁ%@tggo ppm w w
of a base acmaid&ydeomd/orcahmmﬂ,atfmyasomambd:hhdhetmdealnbtjnamiupmaf @t NaOH, is
added, prefera about 25 ppmto about 100 ppm w w of a base conposition,

cal cuI at edseparat ’é‘{‘m chionetrically equival ent NaOH, is added. [0096] The

i nvention ncl udgpnanyst@iagbh lsb@bd SH HESS: sel oil"
stream V\hlﬁ?gs! ncl udeé] SitcflL al ng ollgﬂmal %Ieyﬁg/ﬁéie&s?ﬁg I?g{t%es gihtlerds}yand

wat er . Themfetlsed! geam @bmgadmﬁbd sa 434 Immgvepml meutialigehamdst imcthe tstrgamof

nmet hanol eC| al dvant ageo the fuse] 0i.l streamis liquid
taken fron#’éef?}:%li’lé/ nfh 224%H a\%ﬁ?‘ﬁ ?t Leldsl Btlweflfld}%u{rﬂézm%f’%ﬁ vessel -or
with the badiddiNet dreGod in FicOmbRadl|stodn.f esmvunhbnaw)a&& aethepo! , the
of f-take point bein }3 at a level Dbelowthe feed |evel. ternatively or

addi t i onal hsed. thxantplesed! bis¢ cemperndsiisclpdeadiali me&hhadnow@mrap@ma@me f eed
| evel h |
cvant agecr 2 n BRI emBE oP BEmaR TR, Bordlife PblSindsdf R Pl yesi v abi o

advant ageo‘ﬁomli3 ositi‘on I nven
t 0 oper at eehb&iithiest, | dboat RONpraY Stoeidu IRECHHIRTwihefGR bast 2bapbsitisnal ong

calculated as stoichiometrically equivalent NaOH, is added, preferably about 25

ppm to about 100 ppm w/w of a base composition, calculated as
stoichiometrically equivalent NaOH, is added.

[0096] The invention can include any distillation system that produces a
“fusel 0il” stream, which includes C1-C4 alcohols, aldehydes, ketones, esters and
water. The fusel oil stream has a boiling point higher than that of methanol. It is
especially advantageous when the fuse! oil stream is liquid taken from a column
fed with the crude methanol from the let-down vessel or with the bottoms liquid
from a column fed with such crude methanol, the off-take point being at a level
below the feed level. Alternatively or additionally, the fusel oil stream is taken
from a level above the feed level in such a column. Because some of the higher
alcohols are advantageous in the methanol composition of this invention, it is
desirable to operate the distillation system to recover the C2-C4 alcohols along

with the methanol rather than in the fusel oil stream.



wi th the nethanol rather than in the fusel oil stream DOFEB2007 WO 2005/0 5
1 8 72 PCT/ US2004/ 035474 27 [00971 Exanples of distillation ﬁ%ﬁf@?@

i ncl ude the use _oé single and two colum distillation colums. “Pr A Y,
the si nglO8 ¥ 20perate to renove _volatiles in the BYEUAHRYO3NMEL hanol
product at a high level, fusel oil as”vapor above the feed and/or as liquid
bel ow the feed, and water as a bottons stream [0098] In one enbodi nent of a
two col uMmjongsy em t iBxafipies tof distiliation sys@ems"ihdpis thg usobiisingle fandwahi ch

vol atiles or "Iig,ht, ends" are tﬁkg% qver head and nethanol |iquid as
bot t ons. ACHBAN fisiillatng eqlynnsyr Pisbaahlyy the sigle celRErgs ioREafOsTeMOyYEr ogen,

car bon nongx - QBar® i e : iy rom whi ch
met hanol p?&(;%ﬁ%ts 81|Hgthta Eﬁlggdé IT-a(n ovg?jﬁéggﬁ{ gtt ?ehé‘%r}?gérvmé?g %&E’glg??’%"\?f&, and

wat er i s rayoeele &xdanlot bolimidbeleathe fend,tand svaemrhodbotmhs stidam. r ef i ni ng

colum includes at |east one fo-tafke for fusel oil as.vapor ahove the feed
and/or asl0098Li d bel®@ne prbedimgnt 9l colupy systeg thefirshelynpang of a

t wo- col unna i.e > I 1S : »exik [ in which
there is atg ;e}FrQ‘Oé&edé ifgjtoinzﬁlt}%gc}}é ggt& kléf‘ ?re\é}gw teg%SO\elﬁeﬁ ttﬁgecﬁcar(%g%%re anol feed

| evel . 1t msthdasl hqil estotibmed A ndhilimigng liviadEpossible pgtodmde irmlbiest ons | i qui d
cont ai ni ng, over 40% w w wat er, eferably 40%to, 60 % wW. w water, and nore
pref er abl 3“3856%@@ CQWJIVWWQ%;%@%I’ msthane o) tinseopid Bl ¥Eﬁ’%‘?gnﬁqlﬁ’é!§s_ one or

mor e dir e?ﬁoﬁl“@&ﬂch%&thﬁio@@rc%ﬂ%@ﬁ%ﬁ@eﬁ- asl &1ORhdall su6dm 2PQk Rafigededi nent,  the

distillation systemis on ich an aqueous, seni-crude” nethanol is
t aken as |ldmguivdteabewembhal feedoitnma stieagl elmthis embpdimenyt,ctbé wefmind he

sem -crude nethangl .is passed t ref Lni.ng, colum,, fraq i ch, met hanol
product i scoﬂlﬁﬂ’éﬁn‘g‘&%qsﬁégﬁﬂo‘?m ff ?iﬁif@rhhllsé\))g‘ 45 Y9pgy %‘?Oe‘{ﬁlt{}% f‘%%gtaﬁ %br aqueous
met hanol i3 1fkPPela® the R4t ons stream [01011 Alternatively, undesirable
by-products are renmoved fromthe crude nethanol streamfromthe nethanol

--synt hesi s (P88t or- bylnsshethepembediment afifctivoroluys system, fthes Bfst eglimpan be

recovered by redgeper.ati ng the adsorbent . 2] . ex | ary. et hanol ‘
synt hesi s asyfé{eé%"ﬁg"tﬁtﬁ G n?%f%&%ilcgl Eie{:;. 9 Lg‘%\ager i;?\lléb(? fn%r??\‘/lrrlg %‘gatdﬁé%vlprbed in
greater debavé the orudbeidthing] Fied.leviel. dt ieaekirableaamedbsuffiviahicRater & er abl y

i ncludes natural gas, is directed to a desulfurization uniot 97. Prior to
entering treduss & hotigrs diguidnentaming over 40Kew e Batesnrelsrabbis4Gpto 6R% |y i s

w/w water, and more preferably 80% to 95% w/w water. This column optionally

includes one or more direct fusel oil side off-takes.

[0100} In yet another embodiment, the distillation system is one in which an
aqueous, semi-crude methanol is taken as liquid above the feed in a single or
refining column. The semi-crude methanol is passed to a refining column, from
which methanol product is taken overhead or at a high level. Preferably, water or
aqueous methanol is taken as a bottoms stream.

[0101} Alternatively, undesirable by-products are removed from the crude
methanol stream from the methanol synthesis reactor by adsorption. In such a
systemn, fusel oil can be recovered by regenerating the adsorbent.

[0102] An exemplary methanol synthesis system is illustrated in Fig. 1 and
will now be described in greater detail. As shown in Fig. 1, a feed stream 95,
which preferably includes natural gas, is directed fo a desulfurization unit 97.
Prior to entering the desulfurization unit 97, the feed stream 95 optionally is
compressed by one or more compressors, not shown, to facilitate movement of the

feed stream 95 and various intermediate streams through the methanol synthesis



conpressed by one or nore conpressors, not shown, to facilitate novenent of
the feed stream 95 and various internedi ate streans through the nethanol
synthesis 0 8 F E B 2007 WD 2005/ 051872 PCT/ US2004/ 035474 28 yBEERINI n

one enbodiygsoiize; natural gas fromfeed stream 95 cont ?E*/%S%E/ﬁ sq74 FOmM
water stream 96 in the desul furizationgunit 97 in a countércurrent nanner

under conditions effective to renove sul fur-containing conponents, e.g., H2S
and/ or nercaptans, therefrom hi this manner, the desul furization unit 97
acts as an sybteor phi ore embaedimpgidihei nataial gasofrom feed sizaamy @i gontadie water

desul furi Zai'c}xggﬁilf?{g%&a%h B’g%n tﬁ%ca ﬁfﬁn@ Ei}] 1?]181:1{) 5‘7 ?1[11 auc%iulﬁ)t;grc{!rr}e&thrin%rﬂe?%Odi ment,

the desul f prefera cludes one nore c s that

are packed ydeh cORdiEi6HS effediiveVe reviei liRS-coftalhing Jorpaeas] @M Mo ecul ar
sieve particles, the pores of which are adapted to selectively capture the

sul f ur - contaaiferr maeredpNtetestont of thig Mamnergths desylfisigatianunitrfeagpes onal
d t] it ional | ¥ 4.ncl i . hown, f
egenar a1 Al reaBRbh IR, ety 8F aBenEREHF B dERinbR T A gl T

particles. abf akhe dassthfied vARL | 0D thigi EmBddiineat, uHe sdesulfinaBaPubAN9TNi t, the
feed stream 95 geferably is heated to a tenperature _ of between

70D _F- ( 3710c)fembly irgdoks cne pomagy colupang thek arrapyked with melesylar siss¢ore it is
directed tq ul f urizat | nj rd | it, 97 forns
desul Tur | 2 SaEER < 1 p 5o e hieBfrer SGeiERI e BoleRibr Whikn e 0" T,

Pref er abl y adgigtsditd seleatizely dapesle sier sfir-LoMtaiongpcormmmente Sont harad gaei ght
percent, nore preferably |l ess than 1 weight percent, and nost preferably
| ess than GTERMWE-ghinGHEPEYR adspiptipn wuhioRfianally &KHdst fdEegepsiaen on t he

]
total weig fRLd : : ref orm ng
ni £ 107 Coriar RNHERR ol Kb 4 Rthd ERGEkEF A bart Iy R ORABL L O Syngas
i n syngas sicveaanti@Bs. Cethe dadulfprizétiven wrio 87 idlwdes @h adsongam wnitnthel feas a

_.conbustion reactjion of natural gas, nostly nethane, . gen, source,
g s Sy 1 Besh b AGRP e B JEMESR LI sy ngas
producti ongpEEC @ESRE) e AVRbat EQ&%%?@%t' QoW e pEBRY NG caf?lacbteat fAM

reform ng, autothermal’ reformng, ‘a conbi nation thereof. Thus, reformng
unit 101 ndgsulfbeizationt san97ef dibei degulfwiization wat (97 aforox iddatlfuomedifeed an

RGN, SR Qe T T T O TR
wat er fronysudts@ear 100 anBHsdneds@haPS Yveight percent, more preferably less than 1
weight percent, and most preferably less than 0.01 weight percent sulfur-
containing compounds, based on the total weight of the desulfurized feed stream
100.
[0103] The reforming unit 101 converts the natural gas in desulfunzed feed
( stream 100 to syngas in syngas stream 98. Generally, the production of syngas
involves a combustion reaction of natural gas, mostly methane, and an oxygen
source, €.g., air, into hydrogen, carbon monoxide and/or carbon dioxide. Syngas
production processes are well known, and include conventional steam reforming,
autothermal reforming, or a combination thereof. Thus, reforming unit 101 may
be a steam reforming unit, a partial oxidation unit, an autothermal reforming unit,
and/or a combined reforming unit, e.g., a unit that combines two or more of these
reforming processes. In one embodiment, water from water stream 96 preferably
increases the water content of, and more preferably saturates, the feed stream 95,
in the process of removing sulfur-containing components. Additionally or

alternatively, the desulfurized feed stream 100 is directed to a separate saturization



i ncreases the water content of, and nore preferably saturates, the feed
stream 95, in the process of renoving sul fur-containing conponents.

Addi ti onal snakhernatively, the desulfurized feed str ﬁgt Joect ed
to a separ\gpeﬁge{tﬁﬁzzati on WD 200/ 05184 PCT/ US2004/ 0T47.qu.%%&94p Qﬁgjniaﬁ,c
not shown, in which water contacts the desulfurized feed stream 100 under
conditions effective to saturate the desulfurized feed stream 100 or

i ncrease t hanityatehowonnewhich eaterofontacts the degabfazed; feed stcam i19&tunder uni t nay

i nclude a pack or ~tray. colu er el n wat nt ac t he desul.furized
feed str eamc‘i’b(gg?rﬁs %ffeci%% i @?’t%%?er ﬁ%t ¢ ﬁwdﬁi%dgl%e%?ot@ PY BISEERRE et i ve to
saturate or v ceneat thBRo et & exafi@ly, €Y safirizhtitsh lﬂﬁt_&lﬂlhyf Hclaed ﬁa@ﬁéﬁ &t ream 100.
Saturation of the feed stream 95 and/or desul furized feed stream 100 is

particul ar| {rapesoddmzi whergih waterr edndaats riee desuifunagh fGadp steeannt W0ais taeam
reform ng process as.a water-contai.nin r,.sat yrat desul furized feed
Gt eam 100" Fey e e Bt iidk S RUPORH RS LB or PR Bepess 1o
convert thecgiaenl dfutht zReh1HiRREd Seéd aieah? A00.0 SaMgRS 6MiheYRER Stréirh $BM 98.
Additionally or alternatively, water may be injected directly into the

reformng a&md/er dealiunyed fead dtepam 1GG istagicplarly benafigial af the referpinguinles a st eam

ref orm ng cess., sul ting n S _Stream I i.rected to

conpr essi on%g%g %&eﬁ%mﬁégre%fnnrﬁ%ﬁ‘ggggrpgr csesgg ? ga‘%qét@%g?lgﬁ%%'ﬁp?re ast%rﬁ%ldn one or
nor e st agesdésalffizen feed BipE@Ss 300 nedy Baeckidry fir @lier blkbe stédie reorRmessi on zone
99 includes one or nore centrifugal conpressors. Conpressed stream 102 is

t hen di r ect P@cess teconysitibmdgsuliyrieateiord sganm 10008 syRgee i pyngeneiremnds i n
conpr essed . l. Sy, G nder

condi t1 ons SPEEBRNGCE aRARORLS GulPRRNR ipilBhekly SRLMY HOMIRE | o\ e
met hanol i1 mugdt udé, peticalany i€ttheaefdthing vt 1Gnatdvides unrseant ecfoayingas from

met hanol synthesis_unit 105 is recycled t cqQnpressi on zone 99 as shown by
unr eact ed -sKREES: SBF%’;EH@QW%}%‘Z?F%T ﬁg Br ’E?ét‘?aE‘Ph%lr?BmPFfﬁSlé’Eu%@en%%hanol
stream 107 BGLidgs dngh ser@RdSs TeLhAPREsed Rt Sife 0P REbrE cs ?h;fﬁ’gﬁr eferably,

prior to introduction I'nto separation zone 94, the crude stream
107 i s tr eatompressed stieanml§Ri cPrefirabhlynthenmmpession, zong 9 tebsles onavash uni t,

not shown, under condi.ti ons effective to.incre th H,.of . t.he crude
et hanol | stPEHniIHuElsCOPERars . CHRPTEHSER SRRl Wianb) ek dihricdo &l so
optional |y dhamhdilesnthesis Alni€d 06 2hitek&in StBé ts§ngddSinS essedl f@rmabhanol

stream 107 is directed to a separation zone ‘@4_,. which is adapted to
separ at e ormentactsnd methpnol paghesiv splohish usdea rrendisions eHectiviecioatanyert yat pur e
met hanol

2

least a portion of the syngas to crude methanol in crude methanol stream 107.
Optionally, unreacted syngas from methanol synthesis unit 105 is recycled to
compression zone 99 as shown by unreacted syngas stream 92.

[0104] The crude methanol in crude methanol stream 107 includes light
ends, methanol, water, and fusel oil. Preferably, prior to introduction into
separation zone 94, the crude methanol stream 107 is treated with a caustic
medium, not shown, in a caustic wash unit, not shown, under conditions effective
to increase the pH of the crude methanol stream 107. As a result, the crude
methanol stream 107 also optionally includes dissolved caustic salts. As shown,
crude methanol stream 107 is directed to a separation zone 94, which is adapted to
separate one or more of these components and isolate a relatively pure methanol
stream. The separation zone 94 includes a light ends separation unit 110, such as
a topping column, and a refining column 113. Crude methanol stream 107 is first

directed to the light ends separation unit 110, wherein conditions are effective to



stream The separation zone 94 includes a |light ends separation unit 110,
such as a topping colum, and a refining colum 113. Crude net hg{]@’: [?tm?am
107 is fir‘ﬁ,gmg_j"?.qg;ed to the light ends separation unit 110, where EI

condi tions are #iT&ctive to 0 8 F E B 2007 WO 2005/ 051877 PE§HI8044 035474
30 separate the crude nethanol streami 107 into |ight ends stream 111 and

bottons crude nethanol stream 112, which contains nethanol, water, fusel
oi |, and optpaaialthy coidssobthenbl shiear 167 sutbtlight Thds btragint 1@hdsd dettemsat i on uni t

110 typicall i ncl.ude rom about, .50 to, about .80 frays apd has a
cross-secti Sﬁ’aqe meél??élf)grs g pwlgglbﬁon@u\‘segfeﬂ[aﬂ); W%tef’og*ﬁﬁloﬂ'ﬁ’ 5’351 feet (6
m. At | easbpfomit HREoIGEd LhRtt isgi. THRNEEt Sdnde aspdidord it erablyyichisy recycl ed
to met hanol synthesis unit 105, as shown, for further conversSion to

met hanol whiitadudes fr¢rotabons 5¢ to deowei0nzals| andt hasars s¢otiogalr dametdr 0O refi ni ng
colum 113 f.or furt ocessing. .| ef i,ni Rg lumm 11 e.bottons
crude net harﬁr(S’Pl g‘??%%ﬁf%ﬁ@"f@?ﬁﬁ?%“&t&%?Eté;gﬁdi&%?% 3&9"5@} P{/Qw’ll‘@gt separate
t he bott ons egddifeaiet RpReratly earicided idthethandiavhiess Matth@soks shbhgam 114, a
fusel oil stream 93, and a water stream 115. A mgjority of the caustic

salts, if &myurtheoeanystsianie methanel vl drrobottamesivde nrethane! atresgol Med i n

wat er stream ,.115., Preferably. - fd ned, et hanol. st;ream.114 cont.aLns at
't o5 o miithted Bafuahe Lol L1 AT RFLETH AN g 1h F8RRE BRI er cont and
nmost pref er gl Yotfhmd eARle m&Qainl wWekghtl 106k cRbjectdlt loaniditiddasabcoe fohe total
wei ght of the refined nethanaol stream 114. Preferably, refined nethanol

stream 114 ewatas e betkams praide gegigmolyEregm 1% inte ¢ refiped aqhasplitessmy | ess
based on t pLr4aTasa R Ban TRt kndd SREt B 1IESR MBI RA BRPSIESTL 1T By

col um 113 ifyguiye édolny bonems dagief metbamid gtitar 0 120araliissblved 20 waterysreafnd has a

cross-sectional dianeter of from about 10 feet (3,0 n)_ to about . 24 feet
(7.2 m. CPr ﬁ@’@NTFéﬂ% methanaisieaRobht Aentayg; daleedt dbBvcigithe present

et R SO R o, L0 et sy b, Lo
ol efins in 2h5 @rizitgretant methpadk brsclilon the fietabiveighp i Greatefiped mefhaneted i n an
cuhanol Syl heel ByAn bitus " BhEl Sldhbty el AR 8 Rl Tanclysythests
now be descyiiBgOpercent, more preferably less than 1 weight percent and most preferably

less than 5 weight percent water, based on the total weight of the refined methanol

stream 114. The refining column 113 typically includes from about 80 to about

120 trays and has a cross-sectional diameter of from about 10 feet (3.0 m) to about

24 feet (7.2 m).

{ C. ETHANOL SYNTHESIS SYSTEMS

[0105] As indicated above, the present invention, in one embodiment,

provides for a combined process for forming methanol and ethanol and converting
the methanol and ethanol to light olefins in an OTO reaction system. The ethanol
optionally is formed in an ethanol synthesis unit, which preferably includes an
ethanol synthesis zone. A non-limiting description of these ethanol synthesis
systems will now be described.

[0106] As with methanol synthesis, there are numerous technologies
available for producing ethanol. The preferred embodiment for forming ethanol

according to the present invention comprises the reaction of methanol, carbon



[01061 As with nmethanol synthesis, there are nunerous technol ogi es
avai l abl e for producing ethanol. The preferred enbodi nent for f

;
et hanol %ggﬁ(gjﬂgggéo the present invention conprises the reacti &%@?2997

met hanol , "carboh O8FEB2007 WO 2005{ 051§72 PCT/ US2004/ 035A7HUS¥P+0tdhbxi de,
and optionally hydrogen in the presence of a catalyst conposition to form
et hanol and water. This reaction may be illustrated as follows: (7) CH3OH +
CO + 2H2 - fbdeHdeHind &ionhidi Bydrogecr ik pyesencd bfa puteBengompoektiohiton, t he

et hanol synthesis reaction optionally is catalyzed_using a group VII
transition ﬁ?ﬁ@aqth%ﬁﬁ’éfh\ﬁ@%sﬂééfeﬁ%%‘aﬁﬁﬁﬂ SH&%@&%?&'&W'{ he pronoter. Many
ot her netal conpounds and pronoters, however, can be used. Optionally,
secondary activators or i u i nj tion with the netal
catal ysts and pronoter 5(75%2)?2&&%32??3%% %d\%%cg?gfgggn be other netallic
salts or conmpounds, am nes, phosphorus conpounds, as well as a multitude of
ot her conpqendy t hat Rhamedinges thi pebas éaventioh e ptinbsHi@chesik iréRtiahur e. Thus,
a typical catalyst systemfor the conversion of nmethanol to ethanol

conpri ses @®ntenally i3 eelyens wiing Agrewn Y gensittorpetabrempennd aspatadysl | y
| i gands, sq| / i '
Fefor ences it PASEES e S REAALY VAGY ALk Stal cBMBGinds Rkl o

U.S. Pat enthoMasver cis Be 9641, t@piidhell eecatidaB activhfoss @igafiditiiayobe ussliiigh i s
i ncorporated herein by reference, disc|loses a process for the conversion of

met hanol  t GoBtuRgHEN Wil the metalnatalysts and, prasiptetsnt Bhess prgordsy petivators

acetyl acet , 1M t US g LI t .C rival ent
anti tony. or At s ShHE AR or Bl RRRR Bl PHOCRY cofpR Rl atkel 07 U's
Pat ent No. a4,d hiylBidetaf otHarytcompountie tlenthavetbeenfdisdhisedh in shé putdished at ed
herein by referenc rel ates ];o t he use 'Cl)ff aﬂ&het ero ene?us co-fnat al yst
syst em f or HHBUE ol Yati YRiC8F caiplysihsystem ¢k the, copversion, of mefhanghyio ont aj ns
-cobatt, an [ AEdsa] metd) debr-coRBiBRE cMatyst 23dnthg arfd Pat ent. .No.
4, 253, 987, qﬁa@ggﬁ%eti esmgfdiv\ﬁlgﬁoar e g%tch ilyr?gor gl(:;br at ed hn%rh{edin%}éy

refer E{ICE, ligands, savEits twl/onreovsksesctivatdre at al ysts are di scl osed for the
producti on t hanol , fram net hanol an ngas using.a system containi ng
Cobal t ot 89T hont i AEHeS! FRTRESAPTEar SRR EEraghe U 'S
Patent  NogihafloR 3Rer9&Anpd 1S 28R 2%, 013Dac0oRrefzéest 81 thalentireherentireties

of which are also incorporated herein by reference, disclose a process for
sel ect i vel Whisloisegeomgrated herein by reference, discloses a process for the conversion

of methanol to ethanol using a catalyst system containing cobalt, acetylacetonate,
a trivalent phosphorus or trivalent arsenic or trivalent antimony organic ligand, an
iodine compound and a ruthenium compound. U.S. Patent No. 4,111,837 to
Taylor, the entirety of which is incorporated herein by reference, relates to the use
f- of a heterogeneous co-catalyst system for the homologation of alkanols. The co-
catalyst system contains cobalt, and rhenium metal. In U.S. Patent No. 4,233,466
and U.S. Patent No. 4,253,987, the entireties of which are both incorporated
herein by reference, both to Fiato, processes and catalysts are disclosed for the
production of ethanol from methanol and syngas using a system containing cobalt
atoms, rhenium atoms, iodine atoms and a phosphine ligand. U.S. Patent
Nos. 4,239,924 and 4,239,925, both to Pretzer et al., the entireties of which are
also incorporated herein by reference, disclose a process for selectively processing
ethanol using a system containing a specifically defined cobalt tricarbonyl
complex, an iodine compound, and a rhenium compound in the methanol

homologation reaction. Specifically, the ‘924 patent discloses the use of aliphatic



et hanol using a systemcontaining a specifically defined cobalt tricarbonyl
conpl ex, an iodi ne conpound, and a rheni um conpound in the nethanol
horol ogatj on_reaction. Specifically, the ~924 patent discloses theFtBailof
al i phati cW® #0F'E8’2007 WO 2005/ 051872 PCT/ US2004/ 03547 4PCEAIS2004{831474 ut ed
conpl exes, while the 925 patent di scPbses aromatric substituted conpl exes.
U S. Patent No. 4,324,927 to Gauthier-Lafaye, the entirety of which is
i ncor por at eghtRgmeidn chrplegbLr whide thel €925 ivaast aliflaes Bomaricpkiidtititsdg et hanol
from nmet hanol using a sx)st em cont ai ni n?qjcobal t _atons, rhenium atons, and

d

both an al &mPIEEES dé-SaRateahNPohp24.Ral fodeauthienLlafayecthe emgrety oByhidue t o
| i 2" he. . HohPe : ; ,
dosori bes tRTEGRYEIY Borefby ReleRnbd BN CRREGEHS MalBRFLBRER:

conpound or framnethatic? 1@nga &Gkka tontsittinki cdbalc atwpy Atndig atoms, and both
ni t rogen-contai ni ng.and/ or a phosphorus-caqontainin ound. This systemis

free of iod#halkyt §kde endsanpgpigritalide. Y S32tegy dNa. ,30%&?18&0 bspgaieHli rety of
uhich 1S 1G0T WA RN AL pihe Hefli? B FefelBSE ek M cGiiRSION Of
nmet hanol to e nol "usi ng a tobalt-1odihe catal’yst systemin € presence

of a perf| upemessloxsthaiod vainicon cobdltKsulPdd esripApgl orc atrhiurEBf 2¢agh, 465A to
| sogai, the entirety of_ which is incorporated herein by reference,
di scl oses telideofoBPeTHh 28d HEHKREFHCONBIIBE A{0T y3 | HIYsBhTES-ePByBRREoUS

catal yst s (o]c YT 20 a i |yt The
applicants %0?@%%%“ 2%3%23{3 t g@@gﬁ%ﬁ@gﬁ%@%@. Vi f#'%@l%aﬁ%l%gttgl yst. U S
Pat ent No. HBewndtieténtirtty dfhwhidhdalincorpeated thersdt pyakfendticehdesribeecthepor at ed
herein by reference,. is_directed io a proce?s. for produci ng et hanol at high

e fi ci ency,cosérEenicfi pythan] ieorbancliveie & gekel-ipme il W SYEEMpI Y8s a
honol ogat i ﬁ?geﬁ@&tdfo'&_ %Iel-mmmxyﬁ@ &RGPON U RONPxbIe Bﬁgpfb?icmﬂf qggn using a

catal yst s em contai ning an alkali netal atom a cobzg atom an iodine
atom and, 83,4094 toyIsogaiy thehemiretpn oftwlnciags inebiporegedhhereor bmméferenes,ti ary

anni no conppund. her U. S Patents at,,describe producin et hanol (and/ or
i Gher. ar c ORI} Mo rmiirin.of meiagol & puailtintor PRETR0ETE SIS ncl ude
U.S. Patent ¢hniprikifibeobalt €k tho matn 698147 7 The. appliEiake Bfso NO.

4, 825, 013, SEH%“ Paten':[@No. a4,§'§ogl,5’l§é7t5; U S.m PatentMNo. 14,%26, 836;t5%. S. Patent
No. 4, 578 disipse thexiseRdtaeroupoy umetad ageacatelyst. Pt dlatenhdio. 4,944466384; U. S.

Pat ent "No. . WS Pat.ent.No,. 4 1404 U Pat ent.. No. 4, 346, 020;
s pat oo Al Vit fBenfisdly BB if Beorbpiaied s vy e Baiblied X
4, 361, 499; thlaPprodad €t prdBucing ethanol at high efficiency, selectivity and conversion

rate. The process comprises a homologation reaction of methanol and carbon

monoxide and hydrogen using a catalyst system containing an alkali metal atom, a
cobalt atom, an iodine atom, and, optionally, a ruthenium atom as well as an
( organic tertiary amino compound. Other U.S. Patents that describe producing
ethanol (and/or higher alcohols) from methanol, e.g., via methanol homologation,
include U.S. Patent No. 4,954,665; U.S. Patent No. 4,608,447; U.S. Patent No.
4.825,013; U.S. Patent No. 4,533,775; U.S. Patent No. 4,540,836; U.S. Patent No.
4,578,375; U.S. Patent No. 4,476,326; U.S. Patent No. 4,424,384, U.S. Patent No.
4,451,678; U.S. Patent No. 4,409,404; U.S. Patent No.4,346,020; U.S. Patent No.
4,423,258; U.S. Patent No. 4,423,257, U.S. Patent No. 4,361,499; U.S. Patent No.
4,370,507; and U.S. Patent No. 4,352,946, the entireties of which are all
incorporated herein by reference.
[0109] In another embodiment, ethanol is directly synthesized from syngas

without requiring a methanol-containing feedstock. In this embodiment, syngas



4,370,507; and U.S. Patent No. 4,352,946, the entireties of whi c[g ﬁre al |
i ncorporated herein by reference. [0109] In another enbodi ment, 8 KERa7i s

directly d fromsyngas wthout requiring a nethanol -cont ai ni ng
feedstocl}éé‘gﬁpﬁ e nbodi ment, syngas,.0 B FEB 7007 WO PobEPH8YR7s™

PCT/ US2004/ 035474 33 contacts an et Kanol synt hesi s catal yst under
conditions effective to convert the syngas directly to ethanol. In this
enbodi nent codthes faeedhdﬂaatsyriﬂsestﬁ catalysicnider chﬁdltlﬁxﬁshaﬁﬁﬂ:hvs Yo tchedrs theni t

conprises syngas., The feed erably conmprises less than 5 weight percent
met hanol , HB1E8S GiteFidy ibF 3402521“ "{b P%‘Hi thslepd Mat ppdiemied to 81kd nost

preferably 0 ,the total
wei ght of F%&r&ﬁ %ﬁ@ﬂ??ﬂ"&or&uﬁggﬁ‘?&%b t e eth ano%b sgén Q%?Z&am . Wt hout
limting thiveigitheneht si¢tiahes orpprdasidytlessahpnl twaight derceabmeihamolmechani sm
this reaction ma illustrated as follows: ( 2CO + 4H2 - CH3CH2OH + H20
[01101 Sorr%“daFﬂS’ﬁhg ‘%?ral?}ﬁtl?ﬁéﬁg?n AgPt o é ebé‘tfpﬁfcﬁézjmeﬂla’c’% baggdrcthe ot hanol

synt hesi s- REAESEht Wﬁ1@%€d {ilafrid Eﬂ&twl&ﬁ@&ﬁm s %?fustrate &GasS to a

particul ar reactFon nechanism this reaction may as follows:
(9) 3CO + hibiting (DS GHAGH syntﬁbﬁﬂﬁraceh@@ quatﬂmlﬁpmwtfancmbd:hamﬂmechmf f1 uent
formed in this ethapol es step optionally conprises less than 5

wei ght per’cagion may e’c]ﬁé Wet:ogﬂ Spercent, or less than 0.1 weight percent
met hanol , based on the tot aI wei ght of the effluent stream The effl uent

pr ef erably conprises at |east about 30 weight percent, nore preferably at

| east about 50 wei ght per(@eB€O -aAl: roSH RO BB at | east about 80 weight
percent ethanol, based on the total weight of the effluent stream The
catalyst inplenmented in this direct ethanol synthesis process preferably

corrpri ses [0o1® or rrtﬂc&n@raﬁimpnf\/bflmemhmiISmayl aﬂsuorberfonna'mansmr)ﬂfréctpr ef erably
is selected fromthe group consistjng.of anorphaus i norgani c oxides,

- -crystalli rfahaogb syatAsss Pokssde sWithppy Hmiinga iy abanel; sypthssis preses® aporon
nitride, T%@Q&uﬁﬁ%ﬁ@ﬁénﬁ”{ﬁls rEzﬂ:%ﬁ%ﬁag b-Ehﬁqua’iﬁcis glifygol synthesis

process preferably occurs at a tenperatur fromabout 150C to about
350C. ldeally, the nolar ratio of H2:CO in the syngas ranges from about 0.5

EH(BIS?/ 0, and the Space(Q\ﬁlC%Cji-%ﬁz Larzﬂgs%ﬁzb(isr]+aé}93%H ;F}%%O to about 40,000
[0111] Specifically, the effluent formed in this ethanol synthesis step
optionally comprises less than 5 weight percent, less than 1 weight percent, or less
than 0.1 weight percent methanol, based on the total weight of the effluent strearn.
The effluent preferably comprises at least about 30 weight percent, more
preferably at least about 50 weight percent, and most preferably at least about 80
weight percent ethanol, based on the total weight of the effluent stream. The
catalyst implemented in this direct ethanol synthesis process preferably comprises
one or more Group VIII metals on support. The support preferably is selected
from the group consisting of amorphous inorganic oxides, crystalline inorganic
oxides, silicon carbide, silicon nitride, boron nitride, carbon and combinations
thereof. The direct ethanol synthesis process preferably occurs at a temperature of
from about 150°C to about 350°C. Ideally, the molar ratio of H;:CO in the syngas
ranges from about 0.5 to 3.0, and the space velocity ranges from about 1,000 to
about 40,000 GHSYV.



D 8 FEB 2007 WD 2005/051872 PCT/ US2004/ 035474 34 [01121 The et hanol
synthesis reaction nay occur at a variety of reaction conditions. |In one
enbodi ment, the ethanol synthesis reaction tenperature in the et hdrbFEB 2007
synt hesi s zZW€b2003AFE32 f r om about 300 F (149C) to about 650rEr/ (18435035474
preferably from about 400 F (204C) to aBéut 600 F (316C), and nost
preferably fromabout 450 F (232C) to about 550 F (288C). The pressure in

the ethanol @Sﬂgi;esi S Zx%@eetﬁhgosﬁqme@éafaa/cﬁ%d:ﬁ%ytoﬁaﬁtabg%ﬁe REGRFUr €

preferably t he range of t'he pressure o e syngas that 1s directed
t o t he net hasmlditicngsntihesicsmboditnentitbe etbaed sginhess ré@ptiororalpesafure hrethpr essur e

%BOL{‘%?BBS”%@%E%% S RmdayE: ROLRELANY T [ Qb bou 3?824355?2? 895
Paa) to ab%gggeg%bqgggg@' 3pdut 240070 &B@@bg toaﬁﬂ?dlfg:ég% gﬁﬁ@gg@, ud gy about

1, 200 psia to about 1,500 psia --
Al t hough mamrefetiatflf dirommtabedti300F (832T1Cheés abowats@l Wst2881¢Hy Tie pressideiimed i n t he
et hanol synthesis zone to faciljtate conv i nd/ or the

ersion. of .t he nmet hanol
syngas cont dPh&dappky@thesisgons alsngiay V@wewg{qiséﬁ&hogg}h&gﬁegqsgme predgrohly

pref erably ii8 aaheGhge bEMR bASOL Q¥RNE QNS hdic0kiRAARS bl ThaRfES.

cobal t- nol ybdenum su ni ckel - nol ybdenum sul f1 des and pot assi um
car bonat es. slynthesiseingnbisdussehdhove h@pdibhalho lths preshies iis the atlmnylstynthesipr i ses

rhodi um preferabl upport r hodi fas.descri b for le,.in US.
pat ent hoo. A 39ndss otk Ao §09:p8t (B 1P 35 350l Efw o (FTERPICRY: i
are i1 ncor potrp’iéi%fiaﬂf'ﬁﬁ%hﬂa%t 108D 95i2116.895 kP£a) B BbHIM, 660 Ay $13370da&ak), bed in
these patents are particularly well ~ sui ted for direct” ethanol synthesis

f r bm syngas .anflohost) pivkergblyofrern| abohialli288 spsmn (8,884 Udled) tos aboybrigHidk psiai n t he

catal yst sy though it is preferred that iodine or its derivatives,
e.g., iodi néfég%%ﬂ)ﬁg so enployed. Illustrative sources of iodide ions

i ncl ude el eq@ntx! --i odi ARBowgRbAahy diBGidhe; cthysogpnihdsadicalysishmagl ky! i odi de
having from1 to 10 carbon atonms such as nethyl iodide, ethyl |odide, - -
propyl i odi gélized én K elinol saithesis sengdeyiacilidele donversion afhthe imeteanopny ot her

cource o R h0%ntt kbt ek AT kUl SERD sl "2t 0
i odi ne conpetefeablyhid seliedtbd fionmitlsd groag cenrsisting hef petasiing roxidesli cobalt- Fur t her,
One Can USe N dtnem sulfide. ticlel olybden sl Sdcs A porassion carbonaies. I © o
one embodiment, the ethanol synthesis catalyst comprises rhodium, preferably
supported rhodium, as described, for example, in U.S. Patent Nos. 4,442,228;
4,446,251; and 4,492,773, the entireties of which are incorporated herein by
reference. The rhodium catalysts described in these patents are particularly well
{ suited for direct ethanol synthesis from syngas.
[0114] Many soluble halides may be used as a promoter in the catalyst
system although it is preferred that iodine or its derivatives, ¢.g., iodine ions, be so
employed. Ilustrative sources of iodide ions include elemental iodine; cobalt
iodide; hydrogen iodide; the alkyl iodides having from 1 to 10 carbon atoms such
as methyl iodide, ethyl iodide, propy! iodide, 2-ethyhexyl iodide, n-decyl iodide,
and the like. Any other source of iodide that will ionize to form free iodide ions in
the reaction medium can be used as the promoter. One can also employ any of the
organic iodine compounds that will furnish iodide to the reaction medium.
Further, one can use mixtures of iodine and/or iodide compounds, if so desired.

The preferred source of the iodide is elemental iodine.



The preferred source of the iodide is elenental iodine. 0 8 FEB 2007 WO
2005/ 951872 PCT/ US2004/ 035474 35 [0115] The concentration of acdoéjgg%g@gl ne
atons in the ethanol synthesis reactor optionally is from about 0 to
about 1.6 mwlemopesishiter; preferably from about 0.026 top@Ebg§HyoleR47¥0! €
per liter. [0116] The al kali netal atomsgonponent of the catalyst system can
cone fromany of the known ionic conpounds of the alkali metals sodi um
potassium lithium rubidiumand cesium. Preferred .al kal| tal _at.om
conponent s arlgu-ﬂeri ved #§ Wﬂcgmt‘lﬂ?ﬁq"gjeﬁcigéc é‘?ﬁjd“epﬁ'fﬁ’éépdh‘? E‘bﬁr@.sy}l‘ih?%t rative
sources ther%g&cta tHesIy W&H%bﬁ%.@@qﬁQS“aH@ﬁc}bl'&ﬁ{o'Pé%’})%} ﬁter;gﬂgfemy |
carbonate, sodiumnitrate, sodium nitrite, sodium sulfate, sodi um

bi sul f ate, sdinuabaltriodsite abawdimwlegrentitiganat e, sodi um chl orate, sodi um
‘persul fate, s&ﬂli{é.im tetr bor%e, sgdi um brom de, .sodi um chloride, sodium
fluoride, sod sul fi te'e W TH2hH08L FPBRITcR! of e gatalysh &ySIERy CatheMBE | oni ¢
salt of sodi ygm, Bay bend AR BRRALngRnkSF e s HOARUBEN) PBBsiukh e
correspondi ng- potassium lithium rubidiumand cesiumsalts are

i |lustrati ve litthivmy sebigiuom oanidc cesompouBRrderrdd0 alkzli fibtel @tme eompanémn aoé al kal i
nmetal atons in.the.ethanol synthesis .reactor.,optionally is fram.about
0.00013 to agtiteq ffﬁ’ﬂi‘|588‘b‘a}s tff”%‘f?"‘ﬁ?sé%r“‘%‘iﬁ- YR Veé%%’f‘r”%? rgudbout 0.6
mol e per |itgpdinf0idiide, ASdiuif bfeaitRlate 2ABodiflaltrbordaly, shafdh AMTaRO HaRmpuUNd of
the general fornula R3N opt i onally is present as a co-pronoter in the
system The ugsgtesodiumisulfagdiadivme disuifalensndiym gbromate, shéium fedwanganaies, to
those skilled i.n thi.s art...ln thi forpula R.,represents. an.Qrgani c noiety.
The addit i vesedifimedifalhtonnd pelfiete SadfinTerHerhe 3t bERidH (ISP Sk nhance
efficiency, epRYEEStdiurm FtRridddsciplf Gulfitt! YodiwaSBpeEAbHY, WRRHL fieadyeact i on
is carried out at higher tenperature. The additive also serves to inhibit

equi pment copthssiosic $alf of adiumn Sadhre dkan nepsas ther indivitiual enenpotnd npmendleli tive i s
not nmandat or I J.an.can.b I . WM hi.. 1 A | arge
omber of o Saifohdii bEREHLAN 1A SURALEL B Relptt S Mo hbustrdibol B 1 208

any of theseysdiil ibgicusagomiddvi ded they do not have an adverse effect on the

reaction. Anong_those of particular utility are the tertiary am nes such as
tri met hyl ami HH171 ri et hfhasepcentration at glkell deteh atoms, in_ the (sthapph symlesis rj - 2-

g{ p\gllhexy' i eror BRIy H B8 6'60015" th ABHGCY B8 28 tite: Sk BTy kBH ne.

about 0.07 to about 0.6 mole per liter.
[0118] As indicated, an organic tertiary amino compound of the general
formula R3N optionally is present as a co-promoter in the system. The use of such
additives is known, as are their identities, to those skilled in this art. In this
formula R represents an organic moiety. The additive can serve as a catalyst
g stabilizer and/or to further enhance efficiency, conversion rate and selectivity,
especially when the reaction is carried out at higher temperature. The additive
also serves to inhibit equipment corrosion in some instances. However, the use of
the additive is not mandatory and the reaction can be carried out without it,
[0119] A large number of organic amines is known to those skilled in the
art as useful and any of these can be used provided they do not have an adverse
effect on the reaction. Among those of particular utility are the tertiary amines
such as trimethylamine, triethylamine, tri-n-butylamine, tri-t-butylamine, tr-2-
ethythexylamine, methyl dibutylamine, tridodecylamine, tristearylamine, ethyl
dibutylamine, tricyclohexylamine, triphenylamine, tri(4-methoxyphenyl)amine,
tri(p-chlorophenyl)- amine, dibutyl phenylamine, dipenty! cyclopentylamine, ethyl



di butyl am ne, tricycl ohexylam ne, triphenylam ne, tri (4-methoxyphenyl)am ne,
tri(p-chlorophenyl)- am ne, dibutyl phenylam ne, dipentyl cycl opgnt | %ne,
ethyl 0 8 \FoBok Q84 WO 2005/ 051872 PCT/ US200. 1/ 035374 %ﬁtwggﬁpﬁ@ﬁ% e,
trinaphthylamne tri-p-tolylanmine, trisbenzylamne, tri(3- )

met hyl cycl ohexyl )am ne, as well as other tertiary am nes. These organic

am nes and many others are known in the art. They can be used singly or, if

one desi r es diphenylartine.e s trinsphthylamige  WB-rotolylemine | garkeazylamingo) e

concentrati | . ga j ) hesi . tionall
varies fr olm(?lg%tg{’}f & QSB% Ilr%ogggggtatsr&%egttgn@%gj %@%@%i ?E%S% o1 %%%@ghe?s :‘ rom d
about 0.02 taad ahwoiitotBerd4rdicdvrpiarthe itte They OAPHd udedsimylynbt, ¥f ortydbsggn and

carbon nmonoxi de are present in the sg&g&as that is directed to the ethanol
synt hesi s r daBtiluresKeataifng fwe e Neredfsapds.co in the syngas that is directed

to the etha ynt hesj A r . . - 20, from
about 10:1 ?giza(ﬁout 1: % %gﬁgn&pre e?gml%/ %ﬁo%ﬁgﬁ%l}?z@? ietﬁ%g?%%gﬂjtegli: 3.

Parti cul arl YedcforCepidriallo usariepefi@hi sbvmi (0000083 S0 dboub @08 nelp ekt Mizat;s, the
car bon nonoxi de- h}/dr ogen gaseous_m xture may al so be used in conjunction

with up to DoEEBPIXEIHARow0.¢he puldPimeleRst Ifgses. These other gases may
i ncl ude one re i i g he |ike,
or they rra}@llrznlrcﬂ) ude g’l‘;réfgga@aﬁﬁglﬁy d?rg%& %?d %%{/br"ﬁo?‘?“%’ﬁg‘g%g% l:’r} g%c ?lgﬂh%nder CO
hydr ogenat i emmgaonikttis divsctedstocthe athanelrdyntheds ceacthe, Thy dicdarantionf HsiiXh as

nmet hane, ethane, propane and the like, ethers such as di nethyl ether,
met hyl et hyl i Py ige) e i ARGAFe Eont%&e,eﬂ}ﬁneéﬁeat%%@u@wenﬁ@ﬁh A& 2bO¥H aci d

esters suchjggy ﬁ%@ﬁil@@ﬁﬁ&&ﬁbouﬂfﬂ@%& abdu@ e, aiﬁ&ﬁﬁ@éﬁb@rﬁbggavts(ﬁgwi ic acid

esters may al'so be forne i'le carrying out the process S I nvention.
Most of t en tdasmit de).i Raticwlady sr eontinugusaparatibns, ibet dlyd irf batchatxperimentsy |
etc. .The roducts..of the

acetate, ethyl acetate, .et et her [ or by-

- process- suc -ga%a?]?%nﬂpgpﬂg?'rﬂ%f)g%5%\#50‘6%1?15%%&{1@’3%%? é‘?&% .?nc“ﬁPB’(S'ﬁer c acid
esters, arewiff uf RHEOR, byvSIBmd Efdfle GFANRR WY AR, NMPiRE ot igate@SmAf
commerce. The hi'gher al cohols, the carboxylic acid esters and ethers can

easily be vshuleane®r mayeninpriegagerotush as pifrogem\asgan, oaer antethndikecorghey

fractional distillation _.in,vacug, If desired. 3]..The novel cess of

this i ovent BN @i, ot it ST, b BRIt arkiPrke s keablEn LG BERL Thoous

fashi on. Theydragelayieh comditioe, bwtht dsadatbonididnids] kg@bcarbons such as methane, o
ethane, propane and the like, ethers such as dimethyl ether, methylethyl ether and

diethyl ether, alkanols such as methanol and acid esters such as methyl acetate.
[0122] Higher alcohols and carboxylic acid esters may also be formed
while carrying out the process of this invention. Most often these derivatives are
n-propanol, methyl formate, methyl acetate, ethyl acetate, ethyl ether, etc. The
major by-products of the process such as the higher molecular weight alcohols and
carboxylic acid esters, are, of course, also useful compounds and major articles of
commerce. The higher alcohols, the carboxylic acid esters and ethers can easily
be separated from one another by conventional means, e.g., fractional distillation
in vacuo, if desired.

[0123] The novel process of this invention can be conducted in a batch,
semi-continuous or continuous fashion. The catalyst may be initially introduced
into the ethanol synthesis zone batchwise, or it may be continuously or
intermittently introduced into such a zone during the course of the synthesis

reaction. Operating conditions can be adjusted to optimnze the formation of the



into the ethanol synthesis zone batchwi se, or it may be continuously or
intermttently introduced into such a zone during the course of th
synthesis reaction. Operating conditions can be adjusted to optﬂi HTF&Bszﬂﬂhe
f or mat i onwad 2d3@-BFEEB2007 WO 2005/ 051872 PCT/ US2004/ 0354 Ausi4ohixanol
product, and after recovery of the al aahol and other products, a fraction
rich in the catal yst conposition nay then be recycled to the reaction zone,

if desired,  and addit.i onal r n f er abl t he et hanol

synt hesi s 28ﬂlgn$lsp oRue H@&fgfl%gg‘%}q’%g%l?%F %{C?bﬁg%ﬁé@ef gmgﬁ%t\sm? Eﬁ"t{‘)ﬂi s art,
one can addithanahkYeabdy® @fpbditst nkgl Menbe PERSE@Nt0 the fh@tioheame] fn M xture.
A wide variety of substantially inert solvents are wuseful in the process of

t hi s i nvent desiradnandieddiions) podiels Bensraed yrirgennttbe cthayelsyethesivzEonsol vent s.

Sui t abl e oxygen hvdrocar bon sol vents are conpounds conprising carbon,
hydr ogen angsgl&?\?ifge%bae\é&e?cﬁ%’se in which the only oxygen atons present are in

et her groupg12gft er graiSmoketi®iits e desh agdtdiviensilhavehurdiherk ¥blvatoups of
al cohol s. Generally, the oxygenated hydrocarbon wil| contain 3 to 12 carbon
atonms and ppeberdnithe Eankon MmXHIe AW, gtyaefonbstantidlysiaery sglventph et er ably i s

oms and ppese 6 SoVisegERLA I O Brlyenipiet cr abl y i
has. - nor mal S8 1 i BiSEhe G APeaRR bbbl nldokfhal Wlf hBeRR™ 01, "

pref erabl y, hidiocabow esivemi.| Buitibeoxygbrdttd Igirpairtdn gileditesre tebmpotidiat  of
et hanol and ot her oxygen-contai ning reaction products so that recovery of
the sol vent cHyPrigng CaThor: hyloge ng-pxygeaaad. thpspr iisyhishethe anbyorear type

sol vents arﬁ@ﬁ%@%&ﬂhﬁ%i & ang: ngf%;)%,cgs‘i&r gngtﬁéé,i Retoﬁ&ic%b%?lgg@hgé Hras

exenplified acet at e, enz I sopr opyl utyrate, and
propyl prophwitetyd gsupsedflal@boldi Gehbylly,ahé papgenated dfyddocarbowhvll edntgia  sol vent s

i ncl ude nonphydric_al cohol s sbys%gag& c%gél_.ohexa? |, 1-hexanol 2- hexanol,
neopent anol?,’t?zl%éﬁrg%laf"r%gt@.d FaRH1 2IRENYR © §p?é(y§‘?ﬂ Jemes Thaselved, for
-exanpl e, - CyglEeet o Bastaualy ﬁ&n%pﬂ%&%m%m%ﬂph%iaﬁyaﬁaﬁ@wne, as

wel | as acylic ketones such as 2-pentanone, butanone, acefophénone, etc.
Et hers t hatandnbss benamnial beididg gwind odfvainteasti 6fc Cuateatoypsplieric pressote, gndnd

1 st r at ecPrBlpeabTt. r Salysal GRS Soiak Bnd TeeetE, 1 FRRY b ahdcor vant s
i nclude i soRh@PYkydgohQRYtaighd @Eactifh Srbdtlcanso 1BityRobvdly st e sBRBAI by di butyl
et her, ethyl butyl ether, diphenyl ether, heptyl phenyl _
distillation is facilitated.
[0125] Preferred ester type solvents are the aliphatic and acylic carboxylic
acid monoesters as exemplified by butyl acetate, methyl benzoate, i1sopropyl iso-
butyrate, and propy! propionate as well as dimethyl adipate. Useful alcohol-type
solvents include monohydric alcohols such as cyclohexanol, 1-hexanol, 2-
i hexanol, neopentanol, 2-octanol, etc. Suitable ketone-type solvents include, for
example, cyclic ketones such as cyclohexanone, 2-methylcyclohexanone, as well
as acylic ketones such as 2-pentanone, butanone, acetophenone, etc. Ethers that
may be utilized as solvents include cyclic, acyclic and heterocyclic materials.
Preferred ethers are the heterocyclic ethers as illustrated by 1,4-dioxane and 1,3-
dioxane. Other suitable ether solvents include isopropyl propyl ether, diethylene
glycol dibutyl ether, dibutyl ether, ethyl butyl ether, diphenyl ether, heptyl phenyl
ether, anisole, tetrahydrofuran, etc. The most useful solvents of all of the above
groups include the ethers as represented by monocyclic, heterocyclic ethers such a

1,4-dioxane or p-dioxane, etc. Hydrocarbon solvents, such as hexane, heptane,

decane, dodecane, tetradecane, etc. are also suitable solvents for use in this



ether, anisole, tetrahydrofuran, etc. The nost useful solvents of all of the
above groups include the ethers as represented by nonocyclic, §§$ EC I|c
et hers such a 1, 4-di oxane or p-di oxane, etc. Hydrocarbon sol ven E

hexane, hepOaNes/0518Bcane, dodecane, tetradecane, etc. are@alsoawsabl e
solvents for use in this 08FEB2007 VK)2005/051872 PCT/ US2004/ 035474 38
invention. In the practice of this invention, is al so p055|ble to add a

smal | anount r.to the_s stl s actor results
[0126] The r“é"aeéliw%n {5 the R?%Crtﬁcas"?o}*égﬁhﬁﬁg oy, 8ol atl%b 5&3[@&? ag 3 sl

reactor sizemauflt 6hauteeto tﬁ@gbwmammﬁnmmﬁlsammemu&serrpl oyed at the
specific process conditions. D. FUEL ALCOHOL SYNTHESI S SYSTEMS (0127] As

wi th et hand#126)nt hesiTe resndion thne vVTinreleperding 8peb s gicadionpasimepise f or
d fuel . al eoh def t
Conpr 1 si g PREGTE Ga csfHe AREmeIREVIREe AlpBieR WnIaR &rehk BibsifRETEOG! Lot

for form ngpfdéess @ndhioas. according to the present invention conprises the
reaction of carbon nDnOX|de h drooen and optionally carbon dioxide in the
presence of Da : oOHGL e'd 2 2MSt o form fuel al cohol and

wat er. The hesi s ,af e h r n.af o) esi s
zone. The s!/ﬁ?ajem S oi'A(g ?"Iljtgl lneﬁi ﬂ? é@%ﬁ% e}eo%%ukigblle?\dug %@H"ng%%] st eps.
Wt hout | i mddilaplet fe prodesihg delt ﬂcol&:i,p&éﬁneﬁuhaelnr eQathi ﬂmh&eb@tﬂm‘:@ the

synt hesi s of fuel  al cohol may be illustrated as _follows: (10) nCQ + 2nH2 -.
CnH2. +1 OH +°qmposjtigconprsing Ftharolaa wRleohel reda Cf aleobel AE%ptﬁfwdt o the

present i nvgrﬂﬁbfﬂﬂ'fenf 38 £ Jhl’%$ Alef 8@@0] 2dd &(;[g% 'tc? the JJE@S%H @Verftfon c%ﬁ'@g%(%ns

optionally are cata thesi's cata
preferably the rrbmtmnmj cmrhmntrabncamdmﬂlydrpgcmam bytionatli caeraI digpade it deoter. A

fuel al cohol synthesis c IS, a t of. et nt hesi s tal yst,
whi ch fuel PTEFCSREK 2 s@ﬂtaﬁé&og ‘3515)):@{33%? E’Gﬂ% r?Bﬁié"a@ gﬁ’@ohol s and
~one-or . mor esﬁﬂlesaldrqﬁala&ohal @&distlhfarmam&mﬁgﬁ}mesﬂ%ne mehakyfipaRaynds and

pronoters can be used. Optionally, secondary activators or | igands may be
used i n confuehatolsd agfually ocdves et series af seyst Withnut lpndimgtthe Bivedtieste secondary

activators chamn mbelﬁrol:[ggc nl:necthaI o h%asgfﬁtﬁesm of RIEPA rh%? inayrﬂe 1ﬁu§tra?e@l a%phor us

conmpounds,
follows:

)

(10) nCO +2nH, - CyHamaOH + (0-1)H;0

where n is 2 whole number.

[0128] According to the present invention, the fuel alcohol synthesis
reaction or reactions optionally are catalyzed using a fuel alcohol synthesis
catalyst, preferably containing a metal atom, optionally with a halogen promoter.
A fuel alcohol synthesis catalyst is a type of ethanol synthesis catalyst, which fuel
alcohol synthesis catalyst produces one or more C3 alcohols and one or more C4
alcohols in addition to ethanol. Many metal compounds and promoters can be
used. Optionally, secondary activators or ligands may be used in conjunction with
the metal catalysts’ and promoters. These secondary activators can be other
metallic salts or compounds, amines, phosphorus compounds, as well as a
multitude of other compounds that have been disclosed in the published literature.
Thus, a typical catalyst system for the synthesis of fuel alcohol comprises a metal
atom-containing catalyst, a promoter and optionally ligands, solvents and/or

secondary activators.



mul titude of other conpounds that have been disclosed in the published
literat ure Thus, a typical catalyst systemfor the synthesis of ﬂffp(@ﬂg 7007

al cohol r tal atom cont al ning catalyst, a pronnter
opt i onal I y J gﬁﬁ ]%{sTgl vents and/or sgcondary activator §'CTG§’2%EB3’Z'6\‘)7 WO

2005/ 051872 PCT/ US2004/ 035474 39 101291 Fuel al cohol synthesis may occur at
a variety of reaction conditions. In one enbodi nent, the fuel al cohol
synt hesi s r di2?lon t enpeslatleolwli synthdses fmayt @bwolabdl a syariche sofs reagtienr anges

from about 200C.to ahout 500C, referab from,abhout 250C to about 450C,
and nost precf‘:’@%htkﬂrﬁ? 8t 9B me@o@‘éﬁ‘% 3;%’5‘8 § n%’ﬁﬁs TeAGRON, FHYCTHY M, t he f uel
al cohol syntiesfi 3] ZAhoR! FRMBRY zoH@ I in¥sd & a@ddth@owb tenpieseorce

. preferably is in the rangé of the pressure of the syngas that is directed

to the net hqnmﬂer@almtﬂmmabomm&o C db sabouk 400°8h oué momefemhly frpmt #lwupr essur e

t he fuel t 20 MP
. Ippef e?abrs f ﬁcggﬁcﬂ??%{f&{a agéégp‘%@{rg\f?% ﬁlrﬁﬁgc%i Hg%'ifse%%ﬁﬁ% A5 m agout
10 to about v]aﬁde’el%/[ﬂﬁa%Qéhtﬁlebfb@Mﬂ@pf@éﬁb@'ﬁfﬁh@?ﬁn%%?lth el ofsdt hesi s

catal ysts nay ‘be lized in the fuel al Cohol synthesis zone to facilitate
conver si on efngase thatnimglirecioht i Mgl metherdln Smhqsuemaitpcdlsdwsedhew\wel al cohol

synthesis ¢ ef er abl Cf Oporous z oI| terial.

Thus, in onzﬁﬁg’r‘%‘&h?”r}éﬁpmsﬂﬁ%&f@Sﬁgaaﬁﬁ%ogjﬁbfm eS]IS(?Bﬂ%EFmg?S gg syngas
with a fuel aeb@tob@lmpyrﬁrsmmfs/ fromddbbut 6 ©OFMYIE $§ NAPR dﬂd%@ﬁ%r@fé%abwol itic
material under conditions effective to convert the syngas to fuel al cohol,

which is c0|ﬁt0afi Aeentilf taabape 1S MRsohol - cont ai ni ng stream  [0131] Additi onal ly

or alternati t he ol. [ C ri ses gopper and
an oxi de of [ In Addlélﬁl;%hg?ﬁa?@i C!Hﬂ?%egs rﬁg‘:lrirb&%c?(};lglt Wﬁsﬁ Cq?‘%g?ts nba}ycgﬁol

synt hesi s catlakatsm fieefuel sibdhe] epithedis esndaitd Dxilitite @bnwidow bf lagd §yrghs chrom um
and/ or al um num SpeC| fi cal I t/‘ In this enbodi nent, the fuel al cohol

synt hesi-s c&enipiped the Bl alsabqly thee fuch péeobpl mmithesistcatalystinpicrabts and
Cu/ ZnQ A120 h t hol
synt Re5| S ga g ?/ésstéﬁn%Pﬁngﬁ%@gﬁo egﬁagh%&r rﬁ%n%h%}bod{ﬁﬁ I&bfﬁ mt [ gngl ly is

formed in th]csholaspﬁnmed)fbyt dmeatacnngrstyngas bythcofited cdleohgl symbess \Mattalysa fuel
al cohol synthesi.s, cat al?/ r| m)ggq{@g 8 nor.e. of [ ZnQ Cr 20G3 and
QU ZnQl AL 20SCRRITER HTTHSTORIFUS HEPINLY Rde gongifiops ity CHPYELt al kal |
promot ed, upgesneandirhd ARDhA! Whkhiiy Sorftfined in a fuel alcohol-containing stream.

[0131] Additionally or alternatively, the fuel alcohol synthesis catalyst

comprises copper and an oxide of zinc. Additionally, in this embodiment, the fuel
alcohol synthesis catalyst preferably comprises an oxide of one or both of
chromium and/or aluminum. Specifically, in this embodiment, the fuel alcohol
{ synthesis catalyst preferably comprises one or more of Cuw/ZnO/Cr,O; and
Cw/ZnO/Al;O;. In this embodiment, it is preferred that the fuel alcohol synthesis
catalyst is alkali promoted. Thus, the fuel alcohol optionally is formed in this
aspect of the invention by contacting syngas with a fuel alcohol synthesis catalyst
comprising one or more of Cw/ZnO/Cr;03 and Cw/ZnO/Al,Os, which fuel alcohol
synthesis catalyst optionally is alkali promoted, under conditions effective to
convert the syngas to the fuel alcohol.
[0132) Additionally or altematively, the fuel alcohol synthesis catalyst
comprises one or more Group VII metal catalysts, preferably rhodium, on a
support. The support preferably is selected from the group consisting of

amorphous inorganic oxides, crystalline inorganic oxides, silicon carbide, silicon



convert the syngas to the fuel alcohol. [0132] Additionally or
alternatively, the fuel alcohol synthesis catalyst conprises on@eBcErEBriﬁlﬁe

G oup VIII al ysts, preferably rhodium on a sup ort. The support
pr ef er abl W@%@é‘fﬁg ed fromthe group gonsisting of &Té'ﬂr%z"%‘f@?ﬁém c

oxi des, crystalline inorganic oxides, silicon carbi de 5| | i con O8FEB2007 WO
2005/ 051872 PCT/ US2004/ 035474 40 nitride, boron nitride, carbon and

conbi nat i onsitidder eboforRlnﬁfliiemearbm ahmicnglbirmabnfl yletenfar Rhpdinta-cantanihy

f db ik bd fid tal yst t t
BUTur - and RvSEo o GRS, RO e e i panh et siinde sk "
typically S%Qt% sk 8o Bt é&h&flﬂ sulfnf 338 Lvidel f3é19t5}fiHe}hch51 AukRatdigty. the

fuel al cohol esis cata conprises an oxid one or nore of zinc,
chrom um c&ﬂneharectwnahIﬂysmsﬂwartccaéﬂlr In this errbodl mant it is preferred

that the fuel aI cohol |s C s, al |, ant hanum or, ceri um
pr onot ed. THOL33)t he fuggfﬂ ofT a]tﬁ hvﬁyi Jhe s‘%%o?lmllsﬁm sis capdysbot of the
[ nvent i on bY,GARLACK] B6laSPERS otiblt & AMS bhBhA@ROLpBYNCORAL anAdidly St under

condi tions ctive to convert the syngas to the f cohol, wherein the
fuel al coholn thintimbsdisnengtitisygefesodprat %@dmlmpuemﬁfesmmatawst iallaliof  zi nc,

chromum c¢ cobalt, and | ch al.c eS| s cat al yst
optional |y ?aq%gangrrkgq ‘fequgh]?‘i‘?g?’ﬂﬁ?ﬂc kfhuéetﬁh 6“"‘8)2%0@8011%5’ 18 %%/

Addi tional | yg skt 8f Eh%ﬁﬂ@én'txﬁﬁ'b&’cohﬁ@nﬁ%%’m@d ﬁﬁﬂ@lmamﬁdneﬁsﬁamtsaéay&}

conpri ses a conpound conprisin enum and preferably sul fur. I nthis
enbodi nment , underi ®n§ﬁ@heteff§dt1‘tm@tcomheﬂ ftheesynghs hibe fgglrﬂIME)ﬂ,sWh%rbial thst is
alkali pro e eci f.i cal | t,he fuel alcoh tional l cat al yzed by
ore or nore qﬁﬂ?@ éﬂ X', ﬁ%@%ﬂ THURISE] K& P1 gf’ ngg%%c?F %‘é BE 4%r nred by
contacting SyQgASm, \Mobbexa Jou@h ahe Ghieel, Swhichesies atawhal % \Azﬁthbléiﬁafataq?}%ﬂdl tions
effective to convert ngas to the fuel al cohol , erein the fuel

al cohol - syn@w@maélye%@l&al}ssl%n peiunpprametedipr e of MbS2 and Co/ MbS2, and
wh th | ted.
el e oo BN SrerhRh A e 9 RO BBl Alepr oot o0,

any of the ek GNtempaUIotdiridihig tﬂmeybaibklahlanﬁqi;efe&bspdulfm poti@assi um

l[ithiu rubi di um and, cesi um Pr ferre ali nmetal atom_conponents are
m embodmlent 1t is preferred t at the fuel ahcohol synthesis catalystnlg alkali

promoted. Spec1ﬁcally, the fuel alcohol optionally is catalyzed by one or more of
MoS; and Co/MoS,. Thus, the fuel alcohol can be formed by contacting syngas
with a fuel alcohol synthesis catalyst under conditions effective to convert the
syngas to the fuel alcohol, wherein the fuel alcohol synthesis catalyst comprises
one or more of MoS; and Co/MoS,, and wherein the fuel alcohol synthesis
i catalyst optionally is alkali promoted.
[0135] The alkali metal atom component of the catalyst system can come
from any of the known ionic compounds of the alkali metals sodium, potassium,
lithium, rubidium and cesium. Preferred alkali metal atom components are
derived from sodium salts and potassium salts. Illustrative sources thereof include
sodium 1odide, sodium bicarbonate, sodium carbonate, sodium nitrate, sodium
nitrite, sodium sulfate, sodium bisulfate, sodium chromate, sodium permanganate,
sodium chlorate, sodium persulfate, sodium tetraborate, sodium bromide, sodium
chloride, sodium fluoride, sodium sulfite, sodium hypochlorite, as well as any

other ionic salt of sodium. Rather than repeat the individual cornpound names, the



derived fromsodiumsalts and potassiumsalts. Illustrative sources thereof
i nclude sodiumiodide, sodium bicarbonate, sodium carbonate, so&}ineum
nitrate, S\%‘H;‘éﬂ%mﬂisg{i te, sodium sulfate, sodium bisulfate, sodi _EH} e
sodi um per NEMganat 8.~ sodi um chl orat e, ,sodi um per sul f at e, PCTSR0035474
tetraborate, sodium brom de, sodium cfﬂsori de, sodium fluoride, sodium
sulfite, sodium hypochlorite, as well as any other ionic salt of sodium
Rat her than cogependihg potadsivind litiumoe mpdding arsiressjung (seltdMDe 2051054 T2 0 8
1QQ7 PCT/US2004/.035174 7] 41 correspondi ng potassium lithium rubidium
and cesi um SSFIE 19HE CPIPERRdSat i ve of useful ionic conpounds. [0136] The

concentrati qg19) al kal ThgeiRbe bR oM allAR fiedll AbsehRl thes RADEBbIDIZONE
- optionally i's from about 0.00013 to about | nole per liter; preferably from

about 0.07 tsynthigeist zéne optdrallpers fromeabouf AL 3 Poefibowdbl ynolaywir dijem and
car bon nonoxi d re.present .i.n.the ngas that is directed to the fuel

- al cohol syntﬂﬁﬁ)‘g’f%ﬂ%g%&a’ﬂlfieoﬁglt%%cf%?l%d% P00 in the syngas that is

directed to ppey)f uel aﬁ&%}%x%/sxwrlagéi Snd OfkehdiA ondkide 46 Opfeddapyh 80: 1 to

about 1:20, fromabout 10:1 to about 1:10, and preferably from about 3:1 to

about 1:3. Bamgascthaans dirpeted o then fiel aloopel symithests, zangt  Hies molay rhize off
experinents,  t carbon nmonoxi.de: hydr n gaseo m xtur.e may al so be used
in conj unct[fzoﬁsvd_nt S ipnES tgﬁt%s %)lfeg%ﬁi Sﬁghco%eﬁﬁl g%fl %{hgm%tz%e?ca&a\ga&{_ These
other gasegfgMybblCiO®) Mdat PLONREH abHRITD: I0RBSUCHEN, 228 pRéfbraBgeibm ar gon,
neon and the |ike, or they may include gases that may, or may not, undergo

reacti on undbeutCdHl teyahoshdidat PeHcwenyliin comrinuons eperationsabiodlsel iokitele,

hydr ocar bons_suc n ] e li et hers such as
et byl ot REPeHgRR, HEPHIPT monghieRGor B B A Rub ] AR pEleglih 2
met hanol andoAeinties ivithupsSiacInady Weldiyd ofesd @it Bore ¢tBdSBkes ACTIakelbt@rt o t he

present invention, a fuel alcohol-containin streamis formed, which
conpri ses -t-BESEUBRY HICHISANS OFHROTE RIIt Z25e8 KR SoHITAEH) AEonsRsm A 3hef er abl v

compri ses tYRe0%r #BY &t HANAL Saskl el ralrZort BatRof, 3Bégo ELANE] undd e@101 S and

carboxylic acid esters“may a e'carrying out the Tprocess of
t hi s i nvent hgdrogEoaticexangitiens,tsheh duairbal diokidk ;- lgalindcarbuns guadt asaasthamey i ncl ude

£ o b SRS o e o, o i SR o
car ibgrglsl ¢ afekify1 @Bles! AkandisSuc s £HEASY and a8 MRRS dHch GOFRANN S LANd maj O
[0138] According to the present invention, a fuel alcohol-containing
stream is formed, which comprises the fuel alcohol. The fuel alcohol-containing
stream preferably comprises two or more alcohols in the C2 to C5 range. Higher
alcohols and carboxylic acid esters may also be formed while carrying out the
( process of this invention. For example, the fuel alcohol-containing stream may
| include methyl formate, methyl acetate, ethyl acetate, ethyl ether. The major by-
products of the process such as the higher molecular weight alcohols and
carboxylic acid esters, are, of course, also useful compounds and major articles of
commerce. The higher alcohols, the carboxylic acid esters and ethers can easily
be separated from one another by conventional means, e.g., fractional distillation
in vacuo, if desired.
[0139] The precise amount and type of components contained in the fuel
alcohol-containing stream will vary widely depending on catalyst type, reaction

conditions, and syngas composition used. For example, Table I, below, provides



commer ce. The higher al cohols, the carboxylic acid esters and ethers_can
easily be separated from one another by conventional neans, e.g. 8 FEB 2007
fracti onaly@igédishgti on in vacuo, if desired. [01391 Th%c&;‘%ﬁ%‘ﬁﬁ}ﬁ ppunt and
type of conponents contained in the fugl alcohol-containing Streamw ||
vary w dely dependi ng on catal yst type, reaction conditions, and syngas
conposition used. For exanple, Table I, below, provides QGFER 7007 WO
2005/ 051872 theer c82b6h/sy8say 4nd2mdicaies xRIpiry rrodyes t)delds -and opedatingt es
exenpl ary prod I ¢l d nd.. o j hid Se I wy, A H, DOE
report DEgooﬁoé'égféo,l%pﬁee;l ?%ngg-%%qggfpé’@ggéd&%%% P 2115’53'?3\!. % and
Reaction Conditions of Three Fuel Al cohol Synthesis Systens Miin Catalyst
Constituents Process Product Cu/Co/ Al Zn/C /K Cu/ZnQ Al Sl ate (anhydrous
basis) Methanol 57 I3blol:Predud Yiekds Wt “Ogng Reagtion CGpndignsiofohol s 7.1 3.4
5.2 CA4-alcohols 2.8 - 12. Three/Fuel Adgohod Synthesis Ssteme. 5 7.4 Hydr ocar bons
0.3 - 0.02 Esters 0.7 0.1 0.8 Oher Oxygenated 0.6 2.0 3.18 Products Tot al

Al cohols 9§.4 97.9 96.0 erating T (X&hinZ®RaloadConenbrd 285-300 (127-160)
(177-216) (J141-149) Queratiing Pressure 6-10 10-18 6-9 _(NVa) Svyngas (Mol ar
Feed 2. 0-2.]5 Hrobes Mofuct |Rat i@/CHAICO SyngasCeRR 0. - 3. Ow/Zn6/Al O
Slate
(anhydrous basis})
Methanol 57.5 70.0 64.5
( Ethanol _ 28.5 2.5 11.5
C3 alcohols 7.1 34 5.2
T C4alcohols ~ § -~ 2.8 C T 125 - |- 7.4
C5+ alcohols 2.5 9.5 7.4
Hydrocarbons 0.3 - 0.02
Esters 0.7 0.1 0.8
Other Oxygenated 0.6 2.0 3.18
Products
Total Alcohols 98.4 97.9 96.0
Operating T (°C) 260-320 350-420 285-300
(127-160) (177-216) (141-149)
!- Operating Pressure 6-10 10-18 6-9
(MPa)
Syngas Molar Feed 2.0-2.5 1.5-2 0.5-1
Ratto (H,:CQO)
Syngas CO» 0.5-3.0 2-6 1.0
Content (Vol. %)
[0140] As indicated by Table I, the amount of ethanol contained in the fuel

alcohol-containing stream may vary. In one embodiment, the fuel alcohol-

containing stream comprises ethanol, preferably at least about 10 weight percent



Content (Vol. % [0140] As indicated by Table I, the anount of ethanol
contained in the fuel alcohol-containing streammay vary. In one§FEB 2007

enbodi ”Entworzﬁtf%édfs% al cohol - cont ai ni ng stream conpri s\e/\%cgégg%gjgigﬁ

preferably at ast about 10 wei ght pescent 08FEB2007

PCT/ US2004/ 035474 43 ethanol, nore preferably at |east about 25 wei ght
percent ethanol and nost preferably at | east about 35 wei ght percent

et hanol , bastdnel mpee prsferpbiyepigléstorbout B8 waight Percsniopthenelt adtimagt st r eam

In terns of ran the fuel hol - bl r | conpri ses
on the ordepreg?lg Efyo% lg S(SL?E O%t ?go&g gaulge%g%ﬁ\%{e}{%ﬁlgba%grocgﬁkqg%kgﬁ%ﬂ X{)ref erably
from about i fuel sbehdl-coftayng kiteaprea esrinseif hapes, thafid! aloolsdl-cohelmiabl y from
- about 20 to about 40 wei ght percent ethanol, based on the total weight of

the fuel al &lo¢pol -apbippalihempEsescanihe @da19f Kam abawha) oy alut L0 weight i vel v,

t he fuel al ¢cohol - talni [ C | s,
- preferably BR© Iﬁe&%&r]lge’rp r%@%b?%%&glb@gaﬁol?{ooa%ggtbwe%& ﬁ%‘?ﬁgﬁ%ﬁl f)lg!rﬂ(ben C3
al cohol s, prkeprifdrbliyr o about 20LH iHuahoweif perieghétharety esed ofdhal cohol s,

and nost prefer ab,lﬁ/ from about 15 to about 40 wei ght percent C3 al cohols,
based on t htotaloyeightgdithmfnebplcphpl-copfaming A, - cont ai ning st ream

Optional ly, C3 al rl (o] : I - propanol ,
and or 1, 5. [AEL G ol ARSTSEARTR ARGE0R I BE Mol BRHRRG e |

al cohol - congahprisey miereanorecOhpicobas, muferahly wortke GAlealof dromh aboyiriefoer abl y on
the order of from about 0.1 abaut 20 I ght percent al coho] s,

pref erabl y 4hq9ﬁ1sgmghtpegcgn‘h%g@{cog@s,\mﬁfawﬁy enabagt Bato %gBtl‘ﬁﬂ weighihg nost
pr.ef er ably |é0df 369 Wicoholsd AAOMbs SprifRb R GBOLt 154020680 A Sweised on the

total weig e tuel alcohol-containing stream Optionally, "the C4
al cohol s copgreérs eChradcobolspivascdobn theb tritalnwkigh® of thafad! | aldohtl-chnthimmedi ol ;

1, 3-butanedi ol ; 1,2-butanedi o)., ispohutyl al cohol; sec-butyl alcohol; and
- t-butyl -al cH¥FE- [Cgiﬁ’??ﬁlf’f%f’h@ ﬁif@ﬁg‘a@ém%ﬁs?c%’ﬁt%ﬁ %OFFg"gt‘r*%f& . gn%r i.ses both
C3 and 4 lﬁ-b?ﬂ{gpjﬁld/drhglp}d?ﬁdi%yd al cohol - cont ai ni ng stream preferably

conprises at least about 5 weight percent C3-C4 al cohols, nore preferably
at | east abl6l42]10 wei §Hditiopallx entaltapativelyl hehbieh aleghal-¢nndainipgeftesrmbl vy at

| east abOUtcojﬁ15pr¥§%§ glqé oPFoEE Bl aq:cg%:fhol(s%,4 pr%ke%%?lo%'the order of from about 0.1 to

about 20 weight percent C4 alcohols, preferably from about 1 to about 10 weight
percent C4 alcohols, and most preferably from about 2 to about 5 weight percent
C4 alcohols, based on the total weight of the fuel alcohol-containing stream.
Optionally, the C4 alcohols comprise one or more of 1-butanol; 2-butanol; 1,4-
butanediol; 1,3-butanediol; 1,2-butanediol; isobutyl alcohol; sec-butyl alcohol;
and #-butyl alcohol.

[0143] If the fuel alcohol-containing stream comprises both C3 and C4
alcohols, then the fuel alcohol-containing stream preferably comprises at least
about 5 weight percent C3-C4 alcohols, more preferably at least about 10 weight
percent C3-C4 alcohols, and most preferably at least about 15 weight percent C3-
C4 alcohols.

[0144] Additionally or altematively, the fuel alcohol-containing stream
comprises one or more C5 alcohols, preferably on the order of from about 0.01 to
about 10 weight percent C5 alcohols, preferably from about 0.1 to about 5 weight
percent C5 alcohols, and most preferably from about 0.1 to about 3 weight percent

C5 alcohols, based on the total weight of the fuel alcohol-containing stream.



[0144] Additionally or alternatively, the fuel alcohol-containing st ream
conprises one or nore C5 alcohols, preferably on the order of fro

0.01to 6{989{)0 }'JOQ]éLygl ght percent C5 al cohols, preferably H@@@E@ BlZHﬂb

about 5 wel percent C5 al cohols, apd nost preferably b lto
about 3 wei ght percent C5 al cohols, based on the total weight of the fuel
al cohol - cont ai ni ng stream 09FEBZOO7 WO 2005/ 051872 PCT/ US2004/ 035474 44
Optional ly, (I)Ibﬁa)n@liyatlredhﬁ)lahcohmimphmais@m or monsr & bperjltamﬂniﬂ apmtanoB-S pent anol ;

3- pentanol; 1 anedio).;. 1,4- edi,ol edl

1, 2- pent anedicBa anoP 91(9%[113‘]‘31 ! férﬂfgf ‘ﬁ& g3tp§PW§F%§?g ?aﬂ‘gﬁho

al cohol - CoNnti@ids¥ing Str KA oGANP bF HerAfeel R thEDMS] @@th@ltc%%ﬂhﬁg s&eﬁlerabl y on
the order of from about 0.01 "to about 10 wei ght percent C6+ al cohols,

preferably feompriagoane Or horoCabalaohsls, prefegdnly perthaamdecaﬁframcabhm g0land nost

preferably fro bout 0..1 to a rc Icoh based on
the total wéf G‘E]?% f&t%gqtﬂcegfﬁoﬁcol}\gﬁsng f?{gﬁé’ eag%ﬂ ?61% }"E:Igal ly, the
fuel al coholygant firBbRACE MBRRo RO Ahal Adst |p9é’FeﬁB’l3Uﬂ5ﬁ1 Ghout rtm hangbut 3f any.
Preferably, the fuel alcohol-containing stream conprises less than 75

wei ght per ceveightepdraens| Cotoaleoholssflasehbby thedetal eeghs Sofwdieghiel plobelnt
nmet hanol , and m)st Freferably | ess than 60 wei ght percent nethanol, based on
the total WRTGWTSHITEM: fuelal cohol - containing stream (0147] In terms of

wei ght rati @@146;|1f t he Iﬁé'ﬁly, #cCRBPAIcSHRNERItAThAG strei8 d0htaiRNBY afRentRirhanol and
et hanol, then the weig rati o of nethanol to ethanol ranges from about 1

to about 6, n‘rﬁir@ObrléfaéVabﬁ’Iermhim heduel acohol-eprdpioing Breamnepmprisss 1956 ef er abl y

from about u 4. T t | cohols in the
fuel al cohoﬁ"a‘gonfl néhtgp ent"’&g&vﬁ!&h%&l glto @re%éab? 95%?&01%, gg lg% R hout 30,
nor e pref er akihanbl, Qﬁd@ﬁlﬁﬂbr@erh’@lyﬂbﬁuharﬁ@ weighk Fersdnt m@ﬁ@bat@bsedfdhqne about 10

to about 20. [01451]ﬂli The novel process of this invention can be conducted in
a batch, -stgl ofiibefnchplepbeltGontAsUBE FIEG8AL on.. The catal yst may be.

nitially ipgggduced gl Be ek ALGORPlSYILNGRLRIZONGRAL e, o it

may be continuolsly or  Tnterm y I'nt roduced zone during
t he cour se edmptieessyathhssli and cthansl, den tﬁbewmhtngtxomfdmeﬂmnﬂ toagthdmel adj ust ed

Lo optim ze the Kormailon o ionee, Tyl pakealiohall QS s R0l ohnd S0V

most preferably from about 2 to about 4. The weight ratio of ethanol to C3
alcohols in the fuel alcohol-containing stream preferably ranges from about 1 to
about 30, more preferably from about 5 to about 30, and most preferably from
about 10 to about 20.

[0148] The novel process of this invention can be conducted in a batch,
semi-continuous or continuous fashion. The catalyst may be initially introduced
into the fuel alcohol synthesis zone baichwise, or it may be continuously or
intermittently infroduced into such a zone during the course of the synthesis
reaction. Operating conditions can be adjusted to optimize the formation of the
fuel alcohol product, and after recovery of the alcohol and other products, a
fraction rich in the catalyst composition may then be recycled to the reaction zone,
if desired, and additional products generated. A non-limiting list of preferred
reactor types for the synthesis of fuel alcohol includes fixed bed, slurry reactors
and fluid bed reactors. _

[0149] One can additionally have an inert solvent present in the reaction

mixture. A wide variety of substantially inert solvents are useful in the process of



_ groups, ket TR H 8y PXYF

3

fraction rich in the catal yst conposition may then be recycled to the
reaction zone, if desired, and additional products generated. /h F 07
non-limting list of preferred reactor types for the synthesis oBf Eq.Jéq
al cohol i OQME#ABRed bed, slurry reactors and fluid bedriuezoasssis [ 0149]
One can additionally have an inert sol#ent present in the reaction mxture.
A wde variety of substantially inert solvents are useful in the process of
0 8 FEB 2007 Ay 5 : 3928844 O3t 64y ochted LN odENtd19&htd Ncl udi ng
hydr ocar bon tg}r%gloxé}g{é%agl%lﬁ%}@car%gn sol ven % eSulFSidz%(} e oxy%enaét'ed
hydr ocar bon Stabéetoscygemeateab pdracelisorc evipents i ang compbamls cdmyisagecarbord oxygen
and those in which the only oxygen atons present are in ether grqups, ester
AR Bpserpav iy lihe, PRI VB APSHRSFet edRer Al | y,

the Oxygenal agNAACALRPBUb koROLAbShy? gl er EARBON A4RTRE ARthoIfr of or 201 ¥

a maxi mum of at offs e sol vent erably I"'s“substantially inert

_under react iGenecaliy]i the ongygenaedr kydnodavieinywildremeina? t@id dassonaatoos mad boi | i ng

poi nt of at |east 65C at. at nospheric pressyre,  and eferably, the sol vent
WII have #TBGTARG BT GAPOREE AR rifie o1 elt B K rcubiangally
oxygen- cont aj gk NG def FAELbD Bl @SHICEsSreBBvENAHonl FARVERYh8 2 hdHhab e&ﬁﬁgt by

distillation s facilitated. (01501 Prefefred ‘ester type solvents are the
al i phatic anpdimtcyf aicleasir 60Kyt amosdiedc poesowss end praferebdyriei foledt byl but i

wCoC e TN RS Sl SO e b ShEeoBD B Rl iR on

nonohydri ¢ %&%ﬁlﬁomﬁs@tﬁam@dv@aeém%ow&nB?wmhmorzfs mhgxaral .
neopent anol, 2-octanol, etc. Suitable ketone-fype solvents include, for

exampl e, cydP1ket oneBrefared esisr type solvetamomibe abphasiclap @pdicotabeapibee, as

well as acyli,c ketones such -pent.anon but n cet ophenone, etc.
Eher st hat SoiCpOBRRis o YEan A IRCRI LR R, TRl HRrorE PRISTRET

het er ocycl i gutigitel il propyPpebembrtisaidibisSdiaiethyll haiphR! €rRe) aldofioleper s as
illustrated by 1, 4-di oxane and_1, 3- di oxane. her suitable ether solvents

i ncl ude i sopelapyts pichyla reanebydricdiataohglsepiech gp yexslohgxanely L-hexaol., 2di but yl

et her, ethy I di her.. td | sol e,

t et r ahydr of h?g%foxe?%&)gﬁa%dh%%&%égfeu(l[' §%]I1%/ﬂg§?{ TSB%OF %%r%ll)¥e11§h@§1g%%3§f gr oups

i ncl ude t heegdrhples crdicr leores englesk bycldhenamone| Lancthdtwisheyalone, Stwel s such a
1, 4-di oxane or p-dj oxane, etc. Hydrocarbon solvents, such as hexane, _

hept ane, datafdic BRipmesasteh a8 dricatinens dutanope, agelopaenogeelst A 48t vents for

use in thi Smay be utilized as solvents include cyclic, acyclic and heterocyclic materials.
Preferred ethers are the heterocyclic ethers as illustrated by 1,4-dioxane and 1,3-
dioxane. Other suitable ether solvents include isopropyl propyl ether, diethylene
glycol dibutyl ether, dibutyl ether, ethyl buty! ether, diphenyl ether, heptyl phenyl
{ ether, anisole, tetrahydrofuran, etc. The most useful solvents of all of the above
groups include the ethers as represented by monocyclic, heterocyclic ethers such a
1,4-dioxane or p-dioxane, etc. Hydrocarbon solvents, such as hexane, heptane,
decane, dodecane, tetradecane, etc. are also suitable solvents for use in this
invention. In the practice of this invention, it is also possible to add a small
amount of water to the solvent and still obtain satisfactory results.
[0151] The reaction time varies depending upon the reaction parameters,
reactor size and charge, and the individual components employed at the specific

process conditions.



invention. In the practice of this invention, it is also possible to add a
snmal | ampunt of water to the solvent and still obtain satisfactopy Frgszldllvts.

[ 0151] The weagdsipaggki ne vari es dependi ng upon the reacti ,@ggﬁ%\gﬁ
reactor size and charge, and the indivigual conponents enployed at the
specific process conditions. 0 WD 2005/151872 B FEB 2007 PCT/ US20114/0

35474 46 E. _OTO REACTI ON SYSTE 0152] The present invention, in one
enbodi nment , Er ovi W&S@ﬁi\@ met hanol synthesis systemwth an
et hanol /fuel (lssphol SRk BESER SYSHER RVh:ncdFot SAGHKANAXSh ey o 1o

di scussed i n nore det ai ereinafter.” As use herei'n, "reaction systent
means a syst emstioani sritngissysieac tithranztmecl/fupl alahal syntisesisiysengagl ag zone,
optionally a _catal yst regenerataqr, tionally a catalyst cooler an

optional |y aOd&t sgdpten §V§P‘ﬁpé“fh}§1 Gflgigfusﬁ@‘fﬁbé’é‘ﬁe gﬁ@?&eé%’éﬁfﬁerap%? i"éﬁf ion is
speci ficall y,diree . (oTc2oTiyal] tRARekHet | temw th
an OTO reactkln%r%iirn’sylts("t(a g}%tn% ﬁ{ee orQé,rlrltrs;9e3€5‘(sat ict ?@na{ngcg@rfgglﬁg%gé’t@ébﬁ%lﬁi}%cI uded

i n the feedsdieelgathatzdns, dpti@ellgc tatalysthegiktitor aptiomillysy shradgst Eosieexanpl e,
the feedstock that is directed.to the OTO reaction systemoptionally
contains, i naentionglly ¢ gatalEtsABPeTand et hanol, one or  nore,

al i phatic-co ki Ng C 9]51%9 u icam ar, onpounds
for exanple @Itlggﬂydes,gggto e?hgng&égﬁbg@ ig&gclisd?éag%halel?s,dgﬁg}é{idteds:, :
mer capt ans, cuhinohgs methehdliethahoksyntlesd sydterh withsantOEQ eedctiofilsgsta) piwat i ¢
noiety of the aliphatic-containin 0 u | cal | ontains from1l to
Sbout 50 carGRor ARG enSsoBmenERe B R Btk drhgedls
preferably fHe®HO tochSh SRRERAN Fo%ﬁ?ﬁﬁplgﬁtﬁé‘ lféEEEtgclkFSJ&]ﬁtf RI@fRbidlth e dTo 4

carbon atons, and nost preferably nethanol. [ 4] Non-limting exanples of
al i phat i c- coeactioni sygtevoapomatly contdinsde addatiero troinsthgnal renssethastohaoms orand

et hanol , al kyl - mercapt ans, such as_net hyl rcapt a nd et hyl r capt an,

al kyl -sul fi- s&ilﬁﬁﬁk@??é%wgs &Pﬂpa}é{‘_saﬁ‘kirﬁe,- asar#(;ﬁgg@s uacf?lmﬁé r?gﬁﬂ’???] am ne,

al kyl - et her sosifolinds fdP¥kam@licedl Botlydes, hetfond® eind BEbINAIEtAaIs, 6BR! halides,

al kyl -hal i des such as nethyl chloride and et hf\t/ll chloride, alkyl Kketones
8%

such as di nenerpaptias syldesiang the like pd arixgyehthagof. of e pliphaliganeisty of
the aliphatic-containing compounds typically contains from 1 to about 50 carbon
atoms, preferably from 1 to 20 carbon atoms, more preferably from 1 to 10 carbon
atoms, and more preferably from 1 to 4 carbon atoms, and most preferably
methanol.

[0154] Non-limiting examples of aliphatic-containing compounds include:
alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-
amines such as methyl amine, alkyl-ethers such as DME, diethyl ether and
methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride, alkyl
ketones such as dimethyl ketone, alkyl-aldehydes such as formaldehyde and
acetaldehyde, and various acids such as acetic acid.

[0155] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates in addition to methanol and ethanol or,
more specifically, one or more organic compounds containing at least one oxygen
atom. In the most preferred embodiment of the process of invention, the
oxygenate in the feedstock (in addition to methanol and ethanol) comprises one or

more alcohols, preferably aliphatic alcohols where the aliphatic moiety of the



acet al dehyde, and various acids such as acetic acid. [0155] In a preferred
embodi ment of the process of the invention, the feedstock contaf 8§Epng;or
nore oxygepates in_addition to nethanol and ethanol or, _nore specifically,
one or nor 83&%§hﬁﬁﬂcorrpounds contai nipg at |east one oxYHEWS2%E8I 4 n t he
nost preferred enbodi nent of the process of invention, the oxygenate in the
feedstock (in addition to nethanol and ethanol) conprises one or nore

al cohol s, pr sitehald)haalfioph attd Q0 akdohakenyipesferablyefrahilploato earbo stbisof the 0
8 FEB 2007 WD 2005/ 05{;}??72 PCT/ US2003/ 035474 , A7 ﬁglljciohol (s) .has from1l to 20
carbon at ons2LMEFERTSIsT3PlY frgm b 9B bPalPmyn Tt alpahols usehil 9p fredifpek y abl y

from 1o 4 6RH80RIRMhe (dliGidN BRARIAoHSCHHieR It ARARKR Endi albliflichr 0cess

of the inventi I nclu ower straight an aln aliphatic
al cohol s andaltsteils andathgivatiedatoratedt eopatetparts NonNonintiting exaungiks sofof

oxygenates, in additi.on to net ha’]?'

and et hapol , | nclude n-propanol,
i sopr opanol , OXXEERMGF 1B EfAdiPo e Eet af‘)ﬂ}é’,n%cﬁt ﬂ{)I‘nCé‘E‘iFe‘F“Proﬂ’Pﬂqls@BPlBB%Ol’et her,

Txror ooy hemettt TRADY jcufeRr PR Stioth IR, dkEBREy Wk HoREIGART L (o

m xtures thereo I'n"the 'nost preferred enbo
met hanol , etdiartiylandaae, dimethpr ketode, PMEic shiédt imd mittiees theread. chntlienat i on

t hereof. [0156] The various. feedstpcks di scussed abov e converted
primarily iTHPY p@iﬁ‘%”SSCWBP%HEﬂnEEﬁ‘?@?d%Fg OrPrSHsME m&ﬁe?%%"ﬁﬁ?ﬁﬂﬁ@ produced

fromthe fegdatGabmey Bica) bihePay£edhiRifitdbn!iRerdfr carbon atons, preferably 2
to 8 carbon atons,nore, preferahly 2 to 6 carbon atons, still nore

preferably 01864 car bbhs vanownteedsineksndisqusgadedltevabirg cenvartednerimarnilyor

propyl ene. [.0157] Non-I|im.ting anples of .olefin nmononer(s). i.ncl yde

by ene. RGROTeRE Borr e THETRAE & oifnf mdhoPne Rroshese EoReifEne. 1

oct ene- 1 andeediefciNSpicallpRi-erfah 2 & By lcamen RsRpYprefeablPYt ®Ne-chrboRent ene- 1,
4- met hyl - pentene- 1, hexene-1, octene-1 and isoners thereof. O her olefin

monomer s i- ndktends mofsgHefsrablyd tedneateonsatoms,oltidlf ingte praferabdy 2 to ¢ cagbamar hon
atons, conjugated gr | d di | yenes, vinyl nononers and
cyclic ol ef iagoéj?se:fﬁ?%spﬁgr%?eg%y%ﬁ“é’r?ngc?ngﬁﬁﬁla’?%ﬁg, t he feedstock, which
contains neffbesml andNei-limidhg cxampREVET bledni MohhBen)ehieide &hykndol ecul ar
si eve catal yst conposition into ol efigélZ]')L havi nlg 2 to 6 carbons atons,
preferably Prepyienee husens-hi saafenavbs d-methikpsnigneyl. herengilefqctansyl asdone or

conbi nat i Ondé@én%—ﬁ%yﬁfabﬁﬂetﬁfiﬁﬂé,aprgﬁﬁgxﬁ% Bﬁtléne-l, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomers include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0158] In a preferred embodiment, the feedstock, which contains methanol

( and ethanol, is converted in the presence of a molecular sieve catalyst composition
into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon atoms. Most
preferably, the olefin(s), alone or combination, are converted from a feedstock
containing an oxygenate, preferably an alcohol, most preferably methanol, to the
preferred olefin(s) ethylene and/or propylene.
[0159] The most preferred process is generally referred to as an oxygenate
to olefins (OTO) reaction process. In an OTO process, typically an oxygenated
feedstock, most preferably a methanol- and ethanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or
more olefins, preferably and predominantly, ethylene and/or propylene, referred to

herein as light olefins,



cont ai ni ng an oxygenate, preferably an al cohol, nost preferably nmethanol, to
the preferred olefin(s) ethylene and/or propyl ene. [0159] The nost
preferred process is generally referred to as an oxygenate to oljef fiBs200TO
reacti on pyocesmsigm® an OTO process, typically an oxygen@tqﬂmz&gﬁgghpck,

nost preferably a nethanol- and ethanolg contai ning feedstock, 1s converted
in the presence of a nolecular sieve catal yst conposition into one or nore
ol efins, preferably and predom nantly, ethylene and/or propylene, referred
to herein d816Qlght ol Big fesdstogEm200 vgiinent So0EMs pRe PCTIASHAJBAID35474 48

[0160] The feedstock,.in _one ' . C | or~noLe diluents,
typically ustg%lc?ﬁsy P%%lutoe r?cﬁlgegtgg%gh@ﬁa} ﬁl%nn%g}tﬁl% E%edgggﬁstT ekc.h(?ul'%tt,s Cl uent s
are gener aldeffe NP nofaeidtMe toahé Heedboek ot aediedilar ive Gdtadyst Sb@yesitat.al yst

conposition.  Non-limting exanples of diluents include helium argon,

ni trogen, ca¥olimiting exhaplescaf shlvensolucids belvey, agenemitrageny cadenr eact i ve
paraffins (gspecil 'cgu- of! SPRER SHed %&eﬂﬁ?ﬁl&aﬁ&-reg&mnfmﬂﬁg @5 OeBx%p(?)’
essential |y non-reactive aronati c tonpounds, and m xturés thereor: The nost

preferred didlitaasd suchr £ mathane, atithneNadd gpahe), Vistdntivky Aon-Beictige pRdniaticul arly
preferred. In other enbodiments, the feedstock does, not contain any
di | uent . [Orempoynds, @nd yehgusenyheseofysEhe srashrelfppeds diliepts arcomater vagor form

or & oMl ug I VIR Sler Ul ShBiny fefidele” oS0 LY (e?

f eedst ock e Into a reactor or I'te a redct

added w th degdeloek dbéw naticesigin aatdilueat conposition. -1n one enbodi ment, the
anmount of diluentin the feedstock _ is in_the range of fromabout | to about
99 nol e per ¢& ] based s dilnent gray) be e sithenin adiopid o5 a VRROT! I9BESPHAK and

dill uent, pr - . . - raply from
about 5 to Spaniity WEHE PG dhuoep LFHHELBRIRER] (o o TREROREERRAR ¥
enbodi ment , it ereattyd oo @ddésb directheindul d adadtar, ar faddafiswih ka mioldvatar sitveect |y or
i-ndi-rectly, and include.olefin(s),. paraffin(s), ar tic(s see for

exanpl e U seappLotingstion. e sibdiingiy b gtoufohienty e Fronk o -
thereof,  pisherdhhye BF 8B ARt 1LY RDE mdIe érxéx%]gsedaﬁ%ewﬁrmﬁm ocar bons

having 4 or nore carbon atons, or mxtures thereof. [0162] The process for
converting af meobdof tekfeedsipdearal dijueat, peadersblyckom ebout di tniSgnals@ementyor e

oxygenat es, mlo?e lgr%?erggljezsﬁ?o% eab81f1t & tongtl)o%({'g ,arLos Ip?c\a/ cragﬁrt ]%l)xxsa%out 5 to about

25. In one embodiment, other hydrocarbons are added to a feedstock either

directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or
more carbon atoms, or mixtures thereof.

! [0162] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most
preferably a continuous high velocity fluidized bed process.

[0163] The reaction processes can take place in a variety of catalytic
reactors such as hybrid reactors that have a dense bed or fixed bed reaction zones
and/or fast fluidized bed reaction zones coupled together, circulating fluidized bed
reactors, riser reactors, and the like. Suitable conventional reactor types are

described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522



conposition of the invention, is carried out in a reaction process in a
reactor, where the process is a fixed bed process, a fluidized j EWBE?ESS
' ed

(i ncl udes \go haddu4kent bed process), preferably a conti nl,‘,?ll,l.ﬁl 1L dL zed
process, and nost preferably a contingpus high velocity w%lhdzﬁéo "@gd

process. [0163] The reaction processes can take place in a variety of
catalytic reactors such as hybrid reactors that have a dense bed or fixed
bed react i or{deadnessr), and Fiwidfzasen EnginefringdDbBumi; aad O bavenspiel Rebapbed

toget her, ciycul atyng fluidize bﬁg reactQr i reactors nd the like.
Sui table co ?%c?c?ﬁlggswgﬁc@o pagg;’pes a&r’%ﬁ, ﬁgg‘g?rke@%hwgﬁ: %ﬁé‘t‘!‘}p%éelﬁ S.
Pat ent No. 4@y tcb9oratdd By rERieabé. No. 6, 287,522 08FEB2007 WD 2005/ 051872

" PCT/ US2004/ 035474 49 (dual riser), and Fluidization En?i neering, D. Kunii
and 0. Leved8HW4dl , Rob&he prferradrricegyer tyPe Ble 36l FrgciophpensiallyNsaesE D New Yor k

1977, which. are all. herei ful lyd 4 ref er.enca. [0164] The
* preferred r ﬁ?&?eatc’%/oﬁef:@?&elzq’qogeapgrlﬂ é‘ggﬁaﬂgﬂgé Sgern%’/W c&e“sggf’)i%%ég“bf‘n]fm% ser
React or, FI whdirz @t itAmendR fhhold Fablighind Cofpesitnp Nepayes, 4860,0afdoU.5. A, Zenz
and D.F. O hner, Reinhold Publishing Corporation, New York, 1960, and U. S.
Patent No. &atsb N¥®26.1pa3b2 ffagt-Hwdizgd hed teagdenomd ahdPates, Application
Application er Al g h5 fii b . td | SR
reactor), \A/I'%egﬁl 1e\llﬁi'e Ogﬁ@%ﬁgr@?%% I‘ty“(?(ﬁ]c rplgﬁlgté%g)%?/&wgi’e‘%@k%g.{é ?‘8165] In

an enbodi memkseirt RAlsifoomMbrasdd By glirehckeedst ock fed separately or jointly
Wi th a vapor feedstock, to a reactor systemis in the range of fromO0.1

wei ght per cé®65 o abodr B mpodipent e awapnt ¢f lignid, edsiock fedh SeBEAIRLY o wei ght

percent _to. . ' t I wei ght
ar cont 15, SURY RE3 MELRHdSEE Rt 1Rl RGNS B s FEST R 2

f eedst ock i neighipageanty abohugntveightpdrednhgotefetablyefrom abng 1 wejghtdpeacrat vapor
feedstocks are preferably the sane onposi ti on, contain varyin

pr opor t i-ons 'HFRquh 55‘%‘?!}‘51-“)/ CTRENE FRTE RECIFra ]éfs"{‘%ﬁgo%%tr.‘ﬁe. tepeé'%ﬁ%t%%/boéfgfferent

di l uent. [%%Jei@%e&%%@és’é& On tALIIRE Wi gHt %fﬁﬁ%&iéﬁfékiiﬁblﬁd]ﬁg Eﬂf‘&ﬁfe’ﬁi: on
process, specifically wthin the reactor system is in the range of from

about 392F ¢@08igpd thereghoufhel B@RR {00EOY, fepdstaicks cdne yréferablyaiwusam82F ( 2500)
to about 1472F (.800Q), re preferably.fro bout 482F (25 t. 0 .about
1382F (750CFOMHRRHO &ecﬁ?aé?era&ﬂ’ll%/ PFOPSHions S ttﬁ%fﬁfl‘—‘e(oédg re g%ﬂ%‘ﬂ?k 1202F
(650C), yet w@¥%8Re same or different diluent. '

{0166] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 392°F (200°C)

to about 1832°F (1000°C), preferably from about 482°F (250°C) to about 1472°F
(800°C), more preferably from about 482°F (250°C) to about 1382°F (750°C), yet

more preferably from about 572°F (300°C) to about 1202°F (650°C), yet even

more preferably from about 662°F (350°C) to about 1112°F (600°C) most
preferably from about 662°F (350°C) to about 1022°F (550°C).

[0167] The conversion pressure employed in the conversion process,
specifically within the reactor system, varies over a wide range including
autogenous pressure, The conversion pressure is based on the partial pressure of

the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about

20 kPaa to about 500 kPaa.



~nore preferably from about 662F (350C) to about 1112F (600C) nost
preferably from about 662F (350C) to about 1022F (550C). [0167?5@§E m
conversion(Pressyre enpl oyed in the conversion process, _speciTlicéd Wi t hin
the react MO TP 2 vari es over a wide range including BOVHSEAEEE4Hr essure.
The conversion pressure i s based on t he partial pressure of the feedstock
excl usive of any diluent therein. Typically the conversion pressure
enpl oyed i n[almﬁproce%ei Sveight tHoarly agj@ee OfeldoignN WIS, QakideRal G9 about 5
MPaa, preferably fromabout 5 kPaa to about 1 MPaa, and nost preferably
from about PHGEHPHRN cwvariogta SogstieriagoniEng: ope BT X007 WYZEHUEY 05 11872
PCT/ US2004/ Q3547 0 168) . j .- ce _vel gci t SV) ,
particularl?ﬁgﬁué ° ?6%%@?9?%?Egﬁﬁ@§b?¢%8£§ %%hgﬁggkaégﬁggpn‘%%yﬁ%e or nore
oxygenat es Hefilddeas thE eeNGEgief ofaheedsbtiaexchdneapodiflepilio GRNRasidn on W thin
a reaction zone, is defined as the total weight of the feedstock excluding
any di | uent goneoPeh&owiegen weight p6feolgaam sigie i rthevanjequlast sieng eatalyak si eve in
t he mol ecul ar__si g t | 4 .0t he . ti,on e, The WHSV is
mai nt ai ned emgosti P Ereilon ARET SR PaB VR liuh e R SBRRR LR 1 S

fluidized skedpahwiithlyst conipoaitivnlin a HOGAE slativitin areadthe WHSV ranges from
about | hr-1 to about 5000 hf' ,“gi)referabl fromaboyt 2 hr" to about 3000
hi', more plES8}ably Typigalhndhs WELRY ranges frogpakaut 1580 tarboutH080 hsst
preferably A t 1hr-1._ I r

enbodi nment ,E’{eﬁéghw égogl%regahtre?ot %3%8%11%%%3%&5%3%&9??&3%@% for
conver si on tof abwuf 2805h0'c knd mosEprefendlyiohagaiut 10OKE! toabdaol 000 id'. it t he

range of from aboqut 2ahf' to about hr-'. 10170]. _Theg superfjcial gas
velocity (SBAP e@?@ﬂ@@@@g&ﬁ%wﬁ?%ﬁg&ﬁwwﬂ{ R 240k r SECERBY Bifoduct s

W Lhin the RRReY 2 GueLiith of 2 HALBEE A BHIclheth I, NIE, bi b i€ & e

nol ecul ar si eve catalyst conposition wthinm a reaction zone in the reactor.
The SGV i n tahge pf omsbout s ¢ubbot 300t hi n the reactor system nore

particul arl L thint riser .reactor(s). |j t st. 0. 1 neter per second
(m sec), pebémlr abl y gﬁ%él’@ﬁ?lﬁgﬁaﬁ).ngtge@@of’t%@? g?@??ﬁff}népéﬁﬁer than 1
rn/sec, eveqiueiPaR] RaSAR Rt walifihe rBaforlsydle RS préf@f‘ab%”ﬁﬂﬁﬂ@ﬁtqopr eferably
greater than 3 nisec, and nost preferably greater than m sec. See for

exanpl e U. Sluidige dhe molgguldar sagvieoratayst i compasitiog ovifos a7&action eaheNovibeber 8,
2000, whi Chrellc orhenf%ie%GV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/sec),
preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even
more preferably greater than 2 m/sec, yet even more preferably greater than 3
m/sec, and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000, which is herein
incorporated by reference.
F. MOLECULAR SIEVES

[0171] Typically, molecular sieve catalysts have been used to convert

oxygenate compounds to light olefins. Ideally, the molecular sieve catalyst
composition comprises an alumina or a silica-alumina catalyst composition.
Silicoaluminophosphate (SAPO) molecular sieve catalysts are particularly
desirable in such conversion processes, because they are highly selective in the
formation of ethylene and propylene. A non-limiting list of preferable SAPC
molecular sieve catalyst compositions includes SAPO-17, SAPO-18, SAPO-34,
SAPO-35, SAPQO-44, the substituted forms thereof, and mixtures thereof.



I ncorporated by reference. F. MOLECULAR SI EVES 10171] Typically, nolecul ar
sieve catal ysts have been used to convert oxygenate conmpounds &&FEB oty

ol efins. Ildgall he mol ecul ar sieve catalyst conposition co ses an
0 1
al um na or\gg’ sﬁﬁ?’cg al umina catalyst copposition. Sili CJQTMZH‘E‘&%b@bhat e

(SAPO nol ecul ar sieve catal ysts are part icularly desirable in such
conversi on processes, because they are highly selective in the fornmation of
et hyl ene anBreferablyl dhe. mﬂeﬁdar- Bllﬁm cRialyst cempeoditighr epmprhssisea SARD persl ecul ar

si eve cat al QRO 7 APO- 18.. SARG: 34, APO- 35,
SAPO- 44, %eoil (st H}i “aBrSh%" ¢ ﬁi?fief%&%? X r%“’%}l’ %’S‘SPH%H’JO;“% "FEB 2007
WO 2005/ 151§KPOPCT$A§@@@AQ@4Y4SA§® 16PSﬂPe)r BRISAP(-hg, SWPOCAY, ZAPE)-eve

cat al yst corrp05|t|on conprises a small AIpore zeolite or a nolecul ar sieve

sel ect ed f rdm34ROgt% §i SAPRY3 GfSAPQBAPSEP O-HNrSARD-4SABBPY-4BAPO- 11,

0030 SR Y SRR R RN

i ntergrow f'tﬁereﬁﬁtiﬁﬂergi@ﬂha'bﬂﬂhsf\tﬁeﬁe@f aBd mixi@es @ferecf.nt er grown forns thereof, and
m xtures thereof. [0172] Ml ecul ar sieves have varjous_chem cal, physical,

and franewdOk72lchar acMalecsiar steves/Bavecyarigrs sheamigal, physicabeand f@merw assified

by the Stru 0, n ci.ation
accordi ng tota#%genrsﬁes 0 échLe Jl?%gAlg‘%on‘{%ﬂggegn&%Sﬁ@ H’t t?fuer?%%’at ure.
nol ecul ar SE@uBNssion 6ol Etekatibiyd) ZeoiR Sssbdigtor veodapnecthé vilkyofihd t opol ogy

of the tetrahedrally coordinated atons constituting the franework, and
mekes an aB&iFree CiOBHMISFIOR B8 Zsplits Nomenclafirsp et imolesulpb Fiey o s Bamgerk al's.

e L, SEEhLE oS R B 8 L

structure been est assi' g ree ®and are
descri bed iatorhieohstitating fthe dednmdvenrkr amde woekles Tanpelsstrabiidn edi the apecifb sevi er,

London. el a0 (2000 MLChi Spncreln LAl LY rcor polal sl byreler ence
gzlcecgl:)g E%s%ﬁ@ $or Wiikch MCH@E Qas ﬁgéﬂ eséETsheﬁTYe as%)/%@d &l tgﬁeqe&él_lcgh'@mm!mo
and subst i tand @tk ﬂcﬂcn’ged treﬁmoﬁlastcyfe?en@dlﬁrmnpwpéc Frpeach adition] Blseder, AFO, AEL,
BUO - HEU, E%lr?dor'}/%ﬂgl (ZOMI;\%MW 18 hereln ful?y imncorporated by reference.

[01 73] Non-limiting examples of these molecular sieves are the small pore

molecular sieves, AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,

CHI, DAC, DDR, EDI, ER], GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,

RHO, ROG, THO, and substituted forms thereof, the medium pore molecular

sieves, AFO, AEL, EUO, HEU, FER, MEL, MFI, MTW, MTT, TON, and
substituted forms thereof, and the large pore molecular sieves, EMT, FAU, and

substituted forms thereof. Other molecular sieves include ANA, BEA, CF1, CLO,

DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the

preferred molecular sieves, particularly for converting an oxygenate containing

feedstock into olefin(s), include AEL, AFY, BEA, CHA, EDI, FAU, FER, GIS,

LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred
embodiment, the molecular sieve of the invention has an AEI framework-type or a

CHA framework-type, or a combination thereof, most preferably a CHA
framework-type.

[0174] Molecular sieve materials all have 3-dimensional framework

structure of comer-sharing TO4 tetrahedra, where T is any tetrahedrally



substituted fornms thereof; and the |arge pore nol ecul ar sieves, EMI, FAU,
and substituted forns thereof. OQther nol ecul ar sieves include A BEA,
CFl, CLO _DON, GS, LTL, MER, MOR, MAWand SOD. Non-limting ex Eebis 206
the prefeMOOHNIELI ar sieves, particularly for conver tRGEUS20UIFgBNAL e
containing feedstock into olefin(s), Phclude AEL, AFY, BEA, CHA, EDI, FAU,
FER, S, LTA LTL, MER, MFI, MOR, MIT, MW TAM and TON. In one preferred

erbodi et . bARIMELMAR! THeS RoRby il Eel R URNbIOAN S cbed il 1ol rk-type
or a CHA franmework-type, or a conbi nation thereof, DSt preferably a CHA
f ramewor k- t yige.of[tBa i thbl dafinean wirewehenmthersizal is bakéd trmviee BurdberestsT onal

framework structure of corner-sharing TO4 tetrahedra, where T is any
t et r ahedr al B{PTEGIBERS GHE- V@h?bé'ﬂmﬁ’?ﬁ(?g??’@ﬂrﬁ%éﬁ? gsiesthe dorangemeingi nat ed

cation. These- I [ S § ' I ' 'ygnﬁ the size
of the ri ngafﬁggé gg#if?\%g%a& g’raéf?1 ‘\‘Ji’}r%éen)r/@Je %‘%\% tgfi: g@?@gio@gdged ona%’@dﬁ&%ber of T
at ons i n t hepacenbetwCeh die dagesre¥eerdantBekumharbcingpdsdtiongo iZivolite$eidnbe
arrangenent of rings that forma cage,. and en pr 1L, the dinmension of
channel s, aﬁ‘b‘{ FRRetICEpgeroad ‘EIR%]@FT‘%E %@Vlé%fg%%g\gﬁaé‘%@g}e‘%é%u lugge ]aﬁn]

I ntroductio Zepliit L Sey ' SEG | etely Revised and
Expanded Ed %éegr}%(ﬁ%ﬁéé?ﬁ%%&%ggs {t%‘%rhglﬁgtgvi ergg%@g ce, B. V.,

Anst erdam [aT78Er | andShe2a1]) mefliihy & [dve pereahiblecmiedsievasdrade fange 4por e

nol ecul ar si.eves haye.froma 4- ring to.a 12-ring or greater frapework-type.
In one embodP#dft? ?gﬂ’ﬁlgz%roﬂﬁeﬂe& fr Xt 5%9’586“%9 nt, ]y zeghuq . rjpg

structures phid-ag8leved HaR8-2YS GI9B- RRE Atrustirks ok 'Ihrgélearfdaéiﬂ%eggefﬂo?én about 3A
(0.3 nm) to 15A(1.5 nn). [01761 Large pore zeoliti ¢ nol ecul ar sieves such as

ZSM 5 and nsigé o thd rargeMfSronaetbdug SAs(OBrmehkte d SAddiSma). f or converti ng

oxygenat es efins;according.to the present invept| becau uch

nol ecul ar sfog\jl’gis haveLgrgteé??&%ﬁgg}lt’[com?lg?‘f# KRN Zggﬁgﬁﬁﬁin&ocﬁﬁﬁ%ounds,
which nmay ppSERS cRRlyiBe Tat tefredabrddnséfing olfissatel fo ORENSARREIIARY , the OTO

catal yst conposition inplenented in converting the nethanol and/or the
et hanol , antdit qresené ipYRation | hestiisessuch molggwdar pewes|htye goéendgary toibgml se

(excl udes) h&ainle UodBiL hEBoaR Jufal Al lséloiso%oggﬁrﬁie}iizgﬁm bRAGék. The
., prefera

Thus, in one embodiment, the OTO catalyst composition implemented in
converting the methanol and/or the ethanol, and/or the fuel alcohols to light
olefins does not comprise (excludes) a ZSM-5 or modified ZSM-5 catalyst
coniposition.

[0177] The molecular sieves of the invention, preferably
silicoaluminophosphate molecular sieves, have 8- rings and an average pore size
of less than about 5.5A (0.55 nm), more preferably less than 5.0A (0.5 nm), and
most preferably less than 4.5A (0.45 nm). In terms of ranges, the molecular sieves
preferably have an average pore size of from 3.0A (0.3 nm) to about 5.0A (0.5
nm), more preferably from 3.0A (0.3 nm) to about 4.5A (0.45 nm), even more
preferably from 3.5A (0.35 nm) to about 4.3A (0.43 nm), and most preferably
from about 3.9A (0.39 nm) to about 4.3A (0.43 nm). In contrast, a ZSM-5
catalyst composition has an average pore size of about 5.5A (0.55 nm).

[0178] Molecular sieves, particularly zeolitic and zeolitic-type molecular
sieves, preferably have a molecular framework of one, preferably two or more
corner-sharing [TO,] tetrahedral units, more preferably, two or more [SiO,],

[AlO;4] and/or [POy4] tetrahedral units, and most preferably [Si04], [AlO4) and



. one, preferably

si |l i coal um nophosphat e nol ecul ar sieves, have 8- rings and an average pore
size of less than about 5.SA (0.55 nn), nore preferably |ess tlj@rq:@% (0.5

run), and erably less than 4.5A (0.45 nn). In ranges, the
nol ecul ar s‘?gg?/';és’q %frzef erably have an a?;er age pore size OFS{.&g?ﬂ"g%AWO 3 nm

to about 5.0A (0.5 nn), nore preferably from3.0A (0.3 nnm to about 4.5A
(0.45 run), even nore preferably from3.5A (0.35 nm to about 4.31 (0.43
nn), and nd&’t()4ﬁ1rmtxehairb})/ unfts. onﬁhbﬂeusﬂi@omAal(lmilﬁﬁn,najldtpﬂmcﬁbmrbua# bafed( 0. 43 nm) .

I n contrast 05|t as.an average pore s e of about
5.5A (0.55 Wﬁ}aecu f‘fé’fs REFF E‘)étﬂtlﬁ “tg‘BWe% ‘°°Ba? HRHT, ap P?‘S%H hpgaug by

zeolitic- t3&8@1(3@9&?Qiélvésrhavﬁ'b%é’r?&escﬁﬁe%flﬁrd%ﬁll)fn Bam%m%s ?B bR a:]fmtﬁlﬁ% wor kK of
two or nore coner-sharing [TO04] ral units, nore

pr ef er abl y,fot wampleydf.8. P8eddlo. 4,564,026 Mn@?@rwmd?mﬁe ieMgidarZ, amits, and

nost preferahl i Q4 AlQ 2007 005/ 05187

. PCT/ US200. 4?‘53?4#?’ a li’NC{ ﬂ&ﬁﬁ%’?@?%ﬁ@i ORGHR Etf’n BRlieakipp égoAhO BPuni num
and phosphoyy Lt;@sm wHERd BEMI &Y B%lﬁvels @ dalBkake, 99N ) gég,g“ gor.

al um num and phosphor ous based  nolecul’ar sieves Rave
detail in AlSerRatentpbl |4c5éﬂ11éas(FﬂABOQ,dUrSg Pdtents Nan$h/882,408,54,6882ERt No.

5371528 SRR, 1 A A 5Pt ek 20 2

Be. B, O, Hfoa-§a61WRy '\(]OESAPBO% BB A-ON58 B6 QL APY, whekeSL RAEE e 4,554, 143
(FeAPO), U.S. Patents 2 478, 4,683,217, 4,744,885 (FeAPSD), EP-A-0

158 975 andM. B orn)ebtS. Matent No34 3 0,444 AIROAD EP-AFO A5 336 (SENAPSOHAPSO) |

N, 2310, 1o PASBOR: 4ERSHBR ThidPSEl U SRt are Misdbs BRI 075 60
(Li APSO), @a&ntﬁa@entwwcwo%?e&@ SLISI ARG, Nd asswﬁmGeAPO) 4uF2, 250
(GeAPSO), U.S. Patent 888 GeAPO) , Pat ent No- 5, 057, 295

- ¢(BAPSO), UPstentﬁ‘é@eﬁ@ﬁwiiBz%C@;sﬂ CPA )No Lﬂ4§38 8PAtEROBS@hsU.S, 759, 919,

and 5. 478, FarrinbRbcly > oT% SEDERpTCyhdy b Baie B DRI N,

4,894,213 @A8ARBE) ,5,434326Panent 4787 (Bﬂg&,PSBB .85 ABnt Nb.S4,5Bat1eént s Nos.

4,686,092, 4, 846 9 6. and 4, 793, 833 ( S U.S. Pat ents NOS 5 345,011
and 6, 156, aP‘EFelﬁ Nea et 3. ( A}E@%Sp)ggés dstond Ry, 49158 $°atent No.

4,940, 570 (E%P@) ULé PatbRb OsS 489,093, GBU6 348, and 4,793,833 (MnAPSO)
1.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353

(BeAPSQ), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,

4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and

4,605,492 (TiAPO), U.S. Patents Nos. 4,824,554, 4,744,970 (CoAPSO), U.S.

( Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO,]), as well as U.S. Patents Nos. 4,567,029, 4,686,093,

4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,

4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are fully

incorporated herein by reference. Other molecular sieves are described in R,
Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold, New York,
New York (1992), which is fully incorporated herein by reference.

[0179] The more preferred silicon, aluminum and/or phosphorous
containing molecular sieves, and aluminum, phosphorous, and optionally silicon,
containing molecular sieves include aluminophosphate (ALPO) molecular sieves

and silicoaluminophosphate (SAPQ) molecular sieves and substituted, preferably



4,684,617 and 4,880,520 (Ti APSO, U.S. Patents Nos. 4,500,651, 4,551,236 and
4,605,492 (Ti APO), U.S. Patents Nos. 4,824,554, 4,744,970 (CoAPSH) FE%@;
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4,956, 165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are
fully incor : i r.efie lecu =\
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In one preferred di t,.the al_1.s .selected fromthe qgrpu
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di scussed above are inserted into the framework of a nol ecul ar sieve

t hrough a t &f panderusr sieve thraugiha sefrabrdmd pout.aswgh @8 (MpOal, dad caam A ops
depending o e t t e . e, in
one enbodi ng%%gg\?\%@r?ﬁ{ﬁ%eoﬁe a alés?% ess!t&?? Eggtrtl@ ﬁ‘?sépgﬁl%gﬁgﬁ% eF‘gr?%"tagﬁ’%z, +3,
+4, +5, or the ethbediment, ehengke ofetdl bebstiatenahads wdlendcaiktatd of Hetdpes +52 and +2.

0180] In one enpodi nent, the nol ecul ar ,si'eve, as. described in many of
[ ] or +6, the net charge of the tetrahedral unit 1s between -2 and +2. 34

[0180] In one embodiment, the molecular sieve, as described in many of
the U.S. Patents mentioned above, is represented by the empirical formula, on an
anhydrous basis:

mR:(M;AlP;)Os

wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (MxAlLP,)O; and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of M, Al and P as tetrahedral oxides, where M
is a metal selected from one of Group IA, IIA, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Nj,
Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y
and z are greater than or equal to 0.01. In another embodiment, m is greater than

0.1 to about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5,



the U S. Patents nentioned above, is represented by the enpirical formula,
on an anhydrous basis: nmR (M A yPz)02 wherein R represents at { @§¢8 2007e
tenpl ating _agent, preferably an organic tenplating agent; mis the nunber
of moles oVORYHPSIEHA e of (MKAIYP,)02 and m has a val ue RGTI2004035404
preferably 0 to 0.5, and nost preferabPy fromO to 0.3; x, y, and z
represent the nole fraction of M Al and P as tetrahedral oxides, where M
is a metal liec; I I I 7 VI B, VIIB,
VI11B and Liaﬁﬁﬁﬁzﬁfﬁ?ﬂéﬁ ip%%gtgﬁgg{ye@g i g'S%BIeeﬁ%%‘]%Iye}r?el%%sofﬂ gr@%f“}e/rﬁé’b y Mis
sel ect ed framhone0.6t tb B, griofipmobé s 8.5] ag zdf i6m, 0.8t0 0.6u, Fe, Ga, Ce, My, M,

Ni, Sn, Ti, Zn and Zr_._ In an enbodipent, mis. greater than or equal to 0.2,
.and x, y ar818lare gr@&?é’lmlflﬂér?xémpgg&glsptpéﬂ @?%f.‘LHQI BEEE SIRe i ment, m

is greater ]t u j - e _ eu 2 y isin
t he range o%tﬂfarq%\m . %gﬁ@gén%oééF@l%g%% 5%8{50/ g’S?W%%Q%&M/ 035474
. 55 and z i s SAP®He, rSARE-DUI, SAPM-08,25APE-10, 5SSAROFE], pFAPE-2)| SAPO-3%5 from
0.15t0 0.7, x is from0,01 19 0.2, i,s fro .4 0. and z is fromO0.3
Lo 0.5 [018APRR: BARG S oo abGridh SaPhHAEm0HS SabBHoflbs st deves of
the inventi i»neil<tyd el i nat pQrr o BG@ 5 P@ 8 %Pﬁ_ 11,
SAPO- 16, SAl gaf’%l%AggO 1 ,4QSAP%§ g{)% ’S‘%f’%(gg 1,%&?@%’%4%1‘%?@’ 3%{‘ SAPO- 36,
SAPC- 37, SARDRD-34SAPBOLI6, ANRO- 342 ALBAPS, 44d frdtab colainery mbleculatsidy@?, 415) ,
SAPG- 47, SAPO 56 LPO- 5, ALPO- 11, ALPO 18, AL 31 ALPO- 34, ALPQ- 36,
ALPO- 37, ALBSTERS; @ﬁ@fﬁéﬁ’aﬁedﬂ%&ﬂ?ﬁ ﬂ@vﬁfﬁlsééﬁ?‘gg"g? tpesrouR FRASGRE O

Pref erabl y, st BDEA® 87 SAPOVEI ISAIRE)16CS RPOTIFOBWPAR1 8T PARD.SON§ABDL NG Of
SAPO- 5, SAPO 8, SAPO 11, SAPO:16, SAPO- 17, SAPD 1S, SAPO 20, SAPO- 31,
SAPO 34, SAPD SBPOSAMRCEABO-TARARD;36SAPOMY], P40 SATAPAL ASAPOSIRPO- 44,

SAPO- 47, SA 6, ,t I iping forns. thereof .. and. m xtures

t her eof . - . $gé)%%‘|}’ §‘§1P g?%ﬁﬁéﬁ@é& &’Fég‘?*wg%ﬂ&fﬂrﬁlﬁ ther %egncfmt\ﬁf&é one or a

“-combi nat i Oﬂﬂﬁieo‘ﬁAP@hé&no&E@f&%d SAbeIpe OGRS 5icvBPGnSlde HhPQr18 . and
ALPO- 34, even nore preferably one or a conbination of SAPO 18, SAPO 34,

ALPO 34’ andeouPigatien ok SRS SABR-24.FADHS! S6H044. 53 AR@S6: REPEOES and
ot pr e o ghlyape 0 o CRTD B30, O SRR AN ARG s agget o

cont ai ni ng WOt ectlar sfeves reor . ona € no ve is
selected 34, ALPO-34 and ALPO-18, and metal containing molecular sieves thereof, and

most preferably one or a combination of SAPO-34 and ALPO—lS, and metal
containing molecular sieves thereof. Optionally, the molecular sieve is selected
from the group consisting of SAPO-34, the metal containing forms thereof, and
mixtures thereof. ‘

[0182] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one molecular
sieve composition. In particular, intergrowth molecular sieves are described in the
U.S. Patent Application Serial No. 09/924,016 filed August 7, 2001 and PCT WO
98/15496 published April 16, 1998, both of which are herein fully incorporated by
reference. For example, SAPO-18, ALPO-18 and RUW-18 have an AEI]
framework-type, and SAPO-34 has a CHA framework-type. In another
embodiment, the molecular sieve comprises at least one intergrown phase of AEI
and CHA framework-types, preferably the molecular sieve has a greater amount
of CHA framework-type to AEI framework-type, and more preferably the molar
ratio of CHA to AFI is greater than 1:1,



fromthe group consisting of SAPO 34, the netal containing fornms thereof,
and nixtures thereof. [0182] In an enbodi nent, the nol ecul ar siel§ fitg @y
i nt er gr om el having two or nore distinct phases _of crystalline
structur es&ﬁ%h‘?’{ﬁmghe mol ecul ar  si eve_conposi tion. In paft{EpHess47
I ntergrowm h nol ecul ar sieves are described in the U S. Patent Application
Serial No. 09/924,016 filed August 7, 2001 and PCT WO 98/15496 published
April 16, 1998, IIDIEGEATEBDHREACTIORISISTEMI! Yy i ncorporated by reference.
For exanple, SAPO 18, ALPO-18 and RUW 18 have an AEl franmework-type, and
SAPO- 34 has [B183HA f r andsvidicatsihabovenimppy gabodigienb dhsrpresenttipeentiondé ul ar
si eve conpri t | al-ol Uikt .
dhegted o Iﬁgﬁggﬁﬁt r?géfﬁ{sgfrgﬁﬁnmp Ql%l?ol%og aming "s']tp%:rt compnsing

f ramewor k-t ypes, pre nol ecul ar “sreve has & great er of CHA
framewor k-t yip@hdr@] Aol étharsvwar & desingl, walpdt voii® Tief @ethol bfpnanl as ratio
of CHA to AEl is greater than 1:1. 0 8 FEB 2007 WO 2005/051872

PCT/ US2004/ 6¥sthesizasein agnethapgspatiesis puAcpd tie sharpErpiqralls 3y syathesigad cat ed
above, in o ' : r t.]nvention | ' t tg formng

T ant ol of | HE Araatel Shhep inlt SHECH iclMHEY o Ml SHAGE Sbe Bt nhl" A

et hanol in acfedigaton woneghbnd/at iaofuell ool Rithésid poiedNA teyndtivel ys he hesi zed

I n a methanol synthesis unit, and the ethanol aqpt.ional lfé I's synthesized in
an et hanol ®athdmekprd ethagol/fyglalgphphane faeBedin aupgdptegpind simthesiyumie, e.g., a
honol ogati o . I - . i \yvely, the
met hanol angS é?%gﬁgﬁ}? gée)rlg111 %F@%o?ﬁégggggr% %&ﬁé S&Zﬁgﬁe pemﬁénl[l%ﬁgf? g’teield

synt hesi s ugiited & descisi befdedstodteimidn DA weactioa syistahol Thaw)tidi pheétg Stream
is particularly well- suited for use.as,a feedstock in an Q reaction
system Thuer,nLPWH& the ERhunentiemds Gedeho iansient P@%‘f‘%i’cﬁg‘& to a

system for pradGyRigh !s%rél!% op%ﬁilhg?omﬁ%eﬁia Iﬁé’tﬁﬁzﬁmsgﬁi(aés‘?é‘@di{,%n pises a

nmet hanol synthesis uni an et ha synt hesi s uni or--optionally an

i nt egrat ed syntbdsess ivsituort-oftoomallyr ai notepotdd spathésdn enitafet. &rmangplbothuel.
al cohol) in addition to a reaction.system 184) In one enbodi nent,
the inventi®f agolt%l%ft“iﬁﬂ&@@gggfs‘?ﬁflﬂﬂ?@ﬂ{%a a&rq)][cgfe@‘é B D&t ai ning stream
to l'ight ol ghgap. ThenpPsRSanBodiRfehl #RSindeiticdPis & a pRIcedl B BéhaRing an

al cohol - cont ai ni ng stream conpri si ng nmet hanol and ethanol to an ™ OIO

reaction zoxlegholisen@imng tetrepmi thilightitdlefinsf Breharegesst wchydbnrsoktepsofyr eat er
t han '

providing an alcohol-containing stream comprising methanol and ethanol to an
OTO reaction zone, wherein the weight ratio of methanol to ethanol is greater than
5.0 and less than 49.0, more preferably greater than 6.0 and less than 10.0, even
more preferably greater than 6.5 and less than 9.5, with 7.3 being particularly
preferred. In terms of weight percent ethanol, the alcohol-containing stream
{ preferably comprises greater than 1.0 and less than 20.0 weight percent ethanol,
more preferably greater than 9.1 and less than 14.2 weight percent ethanol, even
more preferably greater than 9.5 and less than 13.3 weight percent ethanol, and
most preferably about 12.0 weight percent ethanol, the balance preferably
substantially being methanol. The methanol and the ethanol in the reaction zone
contact a molecular sieve catalyst composition under conditions effective to
convert the methano!l and ethanol to the light olefins.

[0185] The conversion of methanol to light olefins (MTO) is exothermic
in slightly nature.\ The conversion of ethanol to ethylene (ETE) is endothermic in
nature. It has now been discovered that by directing methanol and ethanol to an

OTO reaction zone in the preferred weight ratios indicated above, the net heat of



* the nethanol an

5.0 and |l ess than 49.0, nore preferably greater than 6.0 and | ess than 10.0,
even nore preferably greater than 6.5 and less than 9.5, wth 7'§Btﬁi8nﬁﬂ?

particul aryy 10046485y €d. In terns of weight percent et ha?ﬁlarhustfg‘g“’éﬁﬁ4
3/03 _ | ess

al cohol -containing stream preferably gonprises greater

than 20.0 wei ght percent ethanol, nore preferably greater than 9.1 and | ess
than 14.2 wei ght percent ethanol, even nore preferably greater than 9.5 and
| ess than 13e&tivms,ght,pelbr drt catvhmmm of thadnetho®l apd ethendl bibyligh @ldfink2. 0

wei ght percent _et hanql, the. bal anc r ef er ab) subst anti al bei n
et hanol - THEN ECHLHERLCgiY PREMEEL R Bt ALY Ienh BORU OREN GO a
ol ecul ar si:@ufichat Rl h (RORRERA LA UTERTs GRACLIIASHERTE kil _convert

ethanol to the light olefins. [ ] e conversion of
met hanol t o cbhegdisionlodfrietbarol/fi®)ightsolefing sartitized in thesindgtheinyic rahversion The
is endothermc.in nature. It has

conversion of, et hanol t t hyl ene ( ETE)..
* now been di é’cfo. E?rg)& tPhﬁ'@Y@{,‘e 0‘151PI(SE¥imawﬂ@[ghﬁmﬂﬁmé{%g}%?as? dRaflefityro
reaction Z0@@lebtri‘vifihﬁupEﬁgﬁﬂrc%ﬁvéﬁ@ioghtA&cﬁﬁb&ﬂy,' pgi 1Rt BRAAP P ned fREmBEt heat
of O8FEB2001 WD 2005/051872 PCT/ US2004/ 035474 57 ~ reactions, AHnet, for the

conver si on ofactine zome rmrdskirabiy rieh irmeibylene, Whightypialy isvworeceatudbde than
advant ageousl al anced faqr X1 et hyl ene product on w.t hout .addi ng
addi ti onal Hé‘éylf?“g’ f’ﬂ@p?@actf)in&'ﬁ %ﬁ]eoﬁei%%aﬁ’rﬁng‘? 2 %\9@?"9% CPIBH P Re
exotherm ¢ 5ORVIQOSHOR nddthami.hanol to light olefins is utilized in the

endot herm c conversion of ethanol to et hél ene_thereby providing a
comrensur at §0%586dr ease Hon expmpion 2 teicat (MOt pactind sistephoviuch ieesivéson.

Addi ti onal | the i . alefins. for in.the. reacti ne.arge desirably
rich in et héﬁe&ﬁ‘&&‘ \/‘\)Xﬁll%?%%nt %irggcl? 'y leg'g'%‘}??eelsv Iﬁthrglrgl Iggtﬁlﬁ'goﬂ’ F)%Il%@| @HBS conpar ed
to the |ightighl tfimshivaideavdigomito beatiskacto propPensbdNGomaddoui 0.98G W . %

nmet hanol . [0186] For exanple, a typical MO reaction system which receives

—a  feedst ocRbaw W nChinges dn geacion GRYGHARS: & 5 <lCERERRES Jndprassiiel pay ypi cal |y

forms 1igh ' ' R ' h I of from
abour 0. o8 3P pifen [l AR Blettnd bl s B U AR, BIERRYRDE O L 0e
and pressur g,dramytic effpaicon peeatnéthyleny and ippopyilénct sekeciififies.edimt ¢aamrastyst em  but
typically will not have a drgg@ti c effect .on overalk et hyl epe_and propyl ene
sel ect i vi t | #50TIR8 KRBT AFECT OLHIEFATERY VSN the prs] alrﬂ%%og?téglém
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propylene formed. According to the present invention, an OTO reaction system
can form light olefins having a weight ratio of ethylene to propylene of greater
than 1.0, greater than 1.5, or greater than 2.0. Preferably, however, the ethylene to
propylene weight ratio ranges from about 0.8 to about 2.5, more preferably from

i about 1.0 to about 2.0, and most preferably from about 1.0 to about 1.2. A weight
ratio of from about 1.0 to about 1.2 is particularly preferred because this ratio of
ethylene to propylene generally corresponds with current commercial demands for
these commodity olefins.

[0187] In addition to having a desirable prime olefin ratio, the light
olefins-containing effluent formed in the reaction system of the present invention
does not contain an appreciable amount of contaminants. In particular, the
production of aromatic compounds, which can poison polymerization catalysts,

has been a problem of conventional OTO conversion processes, particularly

conversion processes implementing ZSM-5 and/or modified ZSM-5 catalyst



propyl ene formed. According to the present invention, an OTO reaction system
can formlight olefins having a weight ratio of ethylene to propyl ene of

greater than 1.0, greater than 1.5, or greater than 2.0. Prefgr 1
however, thwe® moRyiene to propyl ene weight ratio ranges fp@ﬁn;a,z%@@ﬁ%, §7 to

about 2.5, nore preferably from abouts4.0 to about 2.0, and nost preferably
fromabout 1.0 to about 1.2. A weight ratio of fromabout 1.0 to about 1;2

is particularly preferred bec e t hi th pyl ene
general |y c6PR 088 \WEEHE- %u n]?a E‘H?N% ‘{z‘%g% ‘?{?e ?fibﬁ@ef ’hﬁ@g modi ty
ol efins. [OL8d}er) Bf aBshnlik %o%rﬁ@b[h@x%uﬁ)yd;%?ér&fgé' e prine olefin ratio, the

light olefins-containing effluent forméd in the reaction systemof the
present invgor88&n doeBhmpiocessnfathe meseappventiah howanen hts tfe abilityaofi nant s.

In particul ?r, t he oduction of aro tlcfg r;})oundﬁ whi ch can poi son
pol yner i zat PYAIREHARY FERENt SR qomptisp EEWBBF O OTGHY EATPORRLS: (9"€onver5| on
processes, BafHoliHbM! h¥ efﬁ%‘!@éﬁ ABsNEQGRISEH W 8%%0'??% d/or

nodi fi ed ZSM5 cat al yst 0 8 FEB 2007 WO 2005/ 115 uS2 /03 474 58
conposi ti ongssShay 16, yeighUp@ceRatpdndxo prefeiaby, h@&msﬁs@ﬁeﬂe@t pbreent6, 1987,

the entiret of V\:hl ch I,ncoy por. erence. The
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preferably compsseshanmdle@ilaesign splectedfrom dind sranpecqisstiog afi MelAd’sSchan 0. 05

ot ent st PoES SoHRR o bR, SAROT CRARP-l e SR D SRRAR0 SAPLRT Loq i 1

the OTO conyger ShPD-S4t SAPOL3S, CUIRDIHE SARP(IRY eSNPOL4(S i AVRD-3¢] 8abedsd rom t he
group consi st ng of MeAPSO,  SAPO- 5, SAPO-8,” SAPO- 11, SAPO 16, SAPO 17,

SAPO- 18, SA®@PQ344 SARPO-451 Sﬁméﬁsﬂmle@rgrm gEtal SppiEngE fosap0- 40,
SAPO- 41, S %@g 4 §€ 24P g met al
cont ai ni ng ms n} % To %%r?%:/m o'r%%s%ﬁ' er eo AIE'{) eh fs‘%r es t hereof,

SAPO- 34, AEin/téEgh‘bwﬂmtwixg pm&iaalablgn peefeddt | Qul afdtl)erpefrﬁﬁrc&i’ulheﬂ the) GTOt her
enbodi nent, the OTO catalyst conposition j rrpl enented. in converti ng t he
met hanol  aneAtalyst (ERAsHioRgmplemeied in conyering thg meskamol apd/or thgethagphf i ns does

not conpri Sé‘nd/&xﬁxla‘H&Sa)lc&o%%"l?g}ﬂrolefﬂﬁ%faé £t c%ﬁwrée%’;lc%&é%ta geNRSYLL ! on.

modified ZSM-5 catalyst composition.
[0189] Figure 5 presents a graph that illustrates the effects of varying
ethanol content of a methanol-containing feedstock on reactor temperature and
prime olefin selectivity. As ethanol is added to a feedstock comprising entirely
methanol, the prime olefin selectivity initially increases. This increase is a result
‘ of the conversion of the ethanol to ethylene. Due to the endothermic nature of the
ETE reaction, heat is withdrawn from the exothermic MTO reaction in order to
convert the ethanol to ethylene. This heat balancing is reflected in the reactor
temperature of the graph, which steadily decreases as ethanol is added to the
methanol-containing feed. At about 12.5 weight percent ethanol content,
however, the heat requirements of the ETE reaction have a negative impact on the
simultaneously occurring MTO reaction, and the amount of light olefins produced
by the MTO reaction decreases. As a result, without adding heat to the reaction
system, total prime olefin selectivity drops off at ethanol levels greater than about

12.5 weight percent ethanol.



[01891 Figure 5 presents a graph that illustrates the effects of varying

et hanol content of a nethanol -containing feedstock on reactor tenﬁgmuiﬁ
and pri %lzﬁMﬂpﬁﬁ ectivity. As ethanol is added to a feedstock™« r40 i ng
entirely thanol, the prinme ol efin sgj ectivity initial PET{USRPUEAIHS  Thi s
increase is a result of the conversion of the ethanol to ethylene. Due to
the endotherm c nature of the ETE reaction, heat is wthdrawn fromthe
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condi tion

synthesis units, if separate, or in an integrated synthesis unit, if integrated, can be
controlled in order to vary the amount of methanol and ethanol, respectively,
formed therein. Additionally or altematively, one or more flow control devices
can be implemented in order to mechanically control the flow the methanol from
the methanol synthesis unit that is directed to the OTO reaction system and/or to
mechanically control the ethanol from the ethanol/fuel alcohol synthesis unit that
is directed to the OTO reaction system.

[0192] In one preferred embodiment, rather than being formed in separate
synthesis units, the methanol and the ethanol are formed in a single synthesis unit,
referred to herein as an “integrated synthesis unit” which includes an *“integrated
synthesis zone.” In this embodiment, the integrated synthesis zone comprises one
or more methanol synthesis catalysts in addition to one or more ethanol synthesis
catalysts (optionally a homologation catalyst and/or a fuel alcohol synthesis
catalyst). Syngas is directed to the integrated synthesis zone wherein it contacts a

methanol synthesis catalyst and an ethanol/fuel alcohol synthesis catalyst under



synthesis units, if separate, or in an integrated synthesis unit, if
I ntegrated, can be controlled in order to vary the anount of meh Izﬂgnd
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synt hesi s un"lsalttﬁ%vffh isg%p%ér}c l:[lglé)g Qier‘frllltedl {r?f ggﬁ%r’?(gagﬂls@n{aﬁielgﬁtg’%z%ﬁlee? ,aﬂ:}ong{ hi s
embodi nent , dyhthekist egalgstedIfShet egraed enaehaisTpomes @Rludss onelor mdre fiel hanol
synthesis catalysts in addition to one or npre ethanol synthesis catalysts
(optional | y dcaliohsypihssis satabutsa e the pefegnted &yagqeﬂmze%a%O Jomsneng or

catal yst). [ I.re ot d [ in it
contacts a HORHED cebleRlethe & Hife L' REBIE oy allp e FRARNINEL

synt hesi s cadtladng$ tin unsiegleGititesBRED §ynihest0 it OSjl8RePCHISZO0KY Aa54aBY, 60
conditions effective to cqonvert the syngas to both nmethanol_ and, ethanol. As

used herei Feducstin aAddinepaly, dhe wsight ot ‘Pf_e@?@laﬁ%llttaleﬁ%@“’l Faabs desirabbhanol
synthesi s %%F&lnﬁéé 'b S&‘.ﬁ“@fuﬂgi% ‘t'(rollﬂ%t Fﬂelt %‘gbegf B{%thaﬁolh%mll£ﬁaédt£95tcﬁt alyst or

a fuel al coho synthesis ¢ yst. I nt egrated synthesi s’ zone
i ncl udes onetlmnobifired afcobbl syathesk ahtagyshthaesi ontanal iy shsintdgneed $ymehdsizt egr at ed
synt hesis zone also forns one or nore C3 al cohols and one or nore C4
ali‘cohol s. By¥°Porming the methanol and ethanol in a single integrated

synthesi s ulpfg3)equi PITEIR rGeUH cSRRGAR SR bAbMA! singRuntratdOfinieanal |y, the
wei ght ratio of "nmethanol to ethanol can be desirably controlled by
careful |y cente otdy he anlieofr hoseoraaction chudibbns deschibed gbavat ial nefarerice to

et hanol / fuel al cohol.. synt hesi s | ys hat, is contained in the integrated
synt hesi s f%ﬁtefﬁ%lﬁ‘ge&@%@ﬁ‘%ﬁ@bﬂ&m gssprﬁel[nﬁe optional single

i nt egrat ed ?omlpeSI S  FEefRfabALhE SaclitinoPhind HRS@hARRE! e hldohbHdntAmgdescr i bed
above in reference to separate nethanol and ethanol/fuel alcohol Synthesis

systens. [ 0sedm Paref &rmistyin tthe integraterdb|syathesis heongt pratdiing na tthethanol

2l conol - cOnLglunl Ao S LA & nd:df il LRy ORMRRFth 2YBIgHPRKS "
from about 1.0 to about 5.0, preferably from about 2.0 to about 4.0, and most
preferably about 2.5. Thus, the process optionally includes a step of contacting
syngas with a methanol synihesis catalyst and an ethanol synthesis catalyst under
conditions effective to convert the syngas to the methanol and the ethanol.

i [0195] In an alternative embodiment, the methanol and the ethanol are
formed by contacting syngas with a single synthesis catalyst (rather than
combining a methanol synthesis catalyst with a methanol synthesis catalyst) under
conditions effective to form the methanol and the ethanol and optionally one or
more C3 alcohols and/or one or more C4 alcohols. In this embodiment, the
synthesis catalyst preferably comprises any of the ethanol synthesis catalysts
described herein, which forms methanol in addition to ethanol. For example, the
synthesis catalyst optionally comprises an alkali-treated metal sulfide. In another
embodiment, the methanol and the ethanol are formed from a plurality of different

ethanol synthesis catalysts, e.g., the synthesis catalyst comprises a homologation

catalyst and a fuel alcohol synthesis catalyst.



synt hesi s catal yst and an ethanol synthesis catalyst, optionally in a weight
ratio of fromabout 1.0 to about 5.0, preferably from about 2.% t o about
4.0, and nost preferably about 2.5. Thus, the process optional Ih8 Fiki0tes a
step of coWwOa¥3¥¥d87’ksyngas with a nethanol synthesis cat aCyss2@madssns et hanol
synt hesi s catal yst under conditions e$¥ective to convert the syngas to the
nmet hanol and the ethanol. [0195] In an alternative enbodi nent, the nethanol

and the eth are fQr.med,by. ' ] Wit h i e_synt hesi s
catal yat (rQIRE % han CRBRAVTE AT IRARIORN S OD Rl S BER "2

met hanol symeMhasios sgmhadiy ahit. dndals emispdtthéntp i 18iif & bi Meha] fsofithetibe

nmet hanol and the ethanol and optionally one or nore C3 al cohols and/or one

. or nore C4 wiitansfaablynagnieplasadovithebids suiables{pst stbayiol arafugl yadeohet ef er abl y
conprises apy,of.-th hesi S ribed.herein, which
forns net has%ﬂlqsﬁé'a 3?#?@%& 815%]?%1%%?)‘{8?% ‘égs%ale@(ﬁa%%ng?gmemg%tt aé’érf%a cat al yst

. optional |y epifaté stitanah spithedid zbifie ake e BE@poratddf inflea rhéthddshethesis
enbodi ment, the nethanol and the ethanol are formed froma plurality of
different %f®Hhol synthesis catalysts, e.g., the synthesis catalyst
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i nt egr at ed oxydd, sl sheuethindl ssyhthiesie cbatal ysnpaefemblys tomgrisesrah hadicali-tréated hesi s

unit. In this enbaodi nent, the beds in a_nethanol synthesis,6 unit preferably
are repl acdBet §‘H%§Ed °§Vl§”i"?ra81%°? the S&F%ﬁﬁ&i‘tag’ﬁtsidﬁﬂnbﬁfl BRoE I refrensRsi s.
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synt hesi s impkiraemtefi (it Me ifitegrated hatem ofthaphessntaneatian.yst pref er abl y

conpri ses netal oxide, d.the ethanol. synthesis catal yst preferably
conpri ses iﬂl%ﬁjkal i -t p@ﬁ?%?gp= thst synees s depye “,I.alaﬁfﬁ S%?an{“hg;“ ecific
-catal ysts desefidresk Ahathn, Bs HEIADED ffmofddidILafbss thé RithAD o cdiidpanol ,

et hanol and ‘fuel al cohol synthesis systens may be " i npl enented into the

i nt egr at ed ozystrennof syrges [geas@bion i zone nniden colditi@s] ef@otivotalcbyyert lilee syngas i s
derived from a natural gas ﬁtream In this aspect of the invention, as
descri bed PAVHYZSTLFEPMQIBS Y8 %e natural gas contacts oxygen in a syngas

generationi@eoq under TgReiy Wb iefdrRel dMeng theGOthedis of the mefiainbl Md gas

‘streaminto the syngas. , _ ) .
the ethanol. As a result, the process of the invention optionally includes a step of

separating some or all of the water from the methanol and the ethanol formed in
the methanol and ethanol synthesis units or formed in an integrated synthesis unit.
Although not necessary to the present invention, water separation may be
desirable in order to increase light olefin selectivity and to reduce equipment size
f of the units in the integrated reaction system. Water separation preferably occurs
through fractional distillation, although other water removal techniques such as
absorption or adsorption may be utilized.
[0200] At atmospheric pressure, ethanol and water form an azeotrope,
which comprises about 95 weight percent ethanol and about 5 weight percent
water. An azeotrope is liquid in equilibrium with vapor of exactly the same
composition. Distillation of an initial azeotrope liquid and condensation of the
resulting vapor provides the same liquid as the initial azeotrope liquid. Solutions
of ethanol and water having a ethanol to water weight ratio of less than 95:5 (or
less than 19.0) are in equilibrium with vapor that is richer in ethanol. As a result,

distillation operates satisfactorily to remove water from the alcohol-containing



[0199] Typically, water is formed during the synthesis of the nethanol and

the ethanol. As a result, the process of the invention optionallfyg FP[ﬁ}Zﬁﬂ?jeS a
all of the water fromthe methanol and the

step of separating some or

et hanol f&ﬁé&“ﬁ“ﬁ‘l ’he nethanol and et hanol synthesis uniPCI/ERIMIBNEH in an
I ntegrated synthesis unit. Although 't necessary to the present invention,
wat er separation may be desirable in order to increase light olefin

sel ecti vi t ystaddh tOmpeidingRaul BNt astheethaibl Wat@ﬂ%"eﬁgﬁi futioheldsiRar at ed
reacti on system Water seﬁgr ation preferably occurs through fractional

di stillati of>:5alor Hesyykhast K2 Waerce. theniaral of dewaicgingsofsischimied babder ption or
adsor ption € L1ize [0 t ri r re t hanqgl and

wat er form %Eﬁé{%@gg#t%péez,%mg%i Cﬁﬁ%@qge@g@g& @v@?‘%@ B%Ss%nésntca%t hanol

and about 5Stoleh@hd lingfedemiounyVaf ®ater Afid RZRASTARRL Watek iseptraliontestiiidel br i um
wi th vapor of exactly the same conposition. Distillation of an initial
azeot rope |3§EOHNEFRESHY MBS PEESEBIINBINtIONe resul ting vapor provides the sane

liquid as t ynitial o] el0Y S i . o] nd.,wat er
havi ng a et@g‘%r to wa eer? %@8%?@3 fgh%fﬁ#ﬁoé'%p%t%ﬁé%%yg%gr&eﬁ%%éythan
19.0) are idomstidesiléusithan ablotthl (/0 peighk Pafcehtswitk; Aetre bref@ablgnak thahss.@ resul t,
distillation operates satisfactorily to renove water fromthe

al cohol - corveight Rgrasnt Watkw sigsh mopopiedersplysiess thapdrf yssighlapacsd materg2 st r eam
conpri sing I : C . [ atd 0 i s |less than
95:5, or le@é@?%ﬁﬂthﬁg%@’%@Egﬁﬁ%@gwg&%@%ﬁ%ﬁf%% i (szli%f’ gsf ed by the
et hanol - watafter azstet rrepevalFokid uivaheall-gontdining vereamObRisaet compridys thons can .
tolerate a Iim'bed anount of ter and extraordi nary vvaé_er epar ati on

t echni ques 2bgPE4ol %@éé@-_ﬁr\yﬂg Rq‘i‘ée“ﬁr”@é@nfmiferﬂ?@%?r?}blﬁ . ‘_[I@fg‘l“]t Uk {21 wat er
removal , the.al £eReLisROS D WAL SIHdGA%h Eﬁfcﬁé ?Eéf@:labfhz £RTREbRAE] tesbouf han about

10. 0 wei ght percent water, nore preferab ess tha wel ght per cent

wat er, and nsreiphiepercait walenskasehan. theOtovmdiwgighipef ttenalculatleontainigsed on t he
total wei ghé_ of the al cohol-containing stream In terns of ranges, after
wat er renmovVar?™t he al cohol - cont ai ni ng stream optionally conprises from

about 0.1 tigghjout 10p0 WEikiBAT toP WaERN 1ML &ds wﬁﬁiﬁﬁgfﬁeam ¥ndreOgF about 0.1
to about 5.0 weight percent water, and even nore preferably fromabout 0.1

to about hydrogehgierthesr menexidatand, carbesediovide mhe. bet dormedwdiryig tisf t he
al cohol - Corslzgmathgslisr;] St 1R TR0l and the ethanol or pass through the methanol/ethanol

synthesis process. As a result, the processes of the present invention optionally
further include a step of removing a weight majority of the light ends, if any, from
the alcohol-containing stream (either before or after water removal). Although not
necessary to the present invention, light ends separation may be desirable in order
( to increase light olefin selectivity and to reduce equipment size of the units in the
integrated reaction system. Light ends separation preferably occurs through
fractional distillation, e.g., via a “topping column” although other light ends
removal techniques such as absorption or adsorption may be utilized. The light
ends that are separated from the synthesized methanol and/or ethanol optionally is
redirected to one or both of the methanol synthesis unit and the ethanol synthesis
unit for further conversion to methanol and ethanol.
[0203] Similarly, in one embodiment of the present invention, the process
of converting the methanol and the ethanol in the presence of a molecular sieve
catalyst composition to the light olefins also produces hydrogen. In this

embodiment, the hydrogen optionally is separated from the light olefins. The



[0202] In addition to water, |ight ends conprising one or nore of hydrogen,
carbon nonoxi de and carbon di oxi de may be formed during the sypthesis of

t he nethang %&gw5?5 et hanol or pass through the methanol /et ha Bff& #f hesi s
process. AROLMUENPE, the processes of the present invenftbiSapisHat |y
further include a step of renoving a weight majority of the light ends, if
any, from the al cohol-containing stream (either before or after water
removal ). Aldpapughhyaiogch @eRSBay e ldirdeltd tpr @RS both e inb®anoll dyatiesiends
separation may be desirable in order to increase light olefin selectivity
and to redue@icedifi She thagplzgyndiesisheonenia Brovide mdiydiogee gewree dor dagher on

system Light e rati r ably occurs through fractional
distillati o?‘??ltheegfgg.sqfsr\%?%mgbl'aﬁ(glggfzt%&lgbl um” al t hough other |ight ends

renoval tecfpaogues sudhuaSinabsdeRbbaimdal, ResRopdsk Gor M@hile light biefiasl. The
light ends that are separated fromthe Séﬂt hesi zed nmet hanol and/ or et hanol
optional | y ingludese@ skt 6t COBAGHS 8r SYIEEH SHEAN heOMASISHIE 6#Tbary merside, uni t and

t he et hanol _synt I ' AF t r Sy t | _.and,et hanol .
[0203] o1 m et HERiSe altbborstn L' SRl SRR Colali B IR R cacs
of conver t i g@tichie creilhanoin Aretritbé spithesiotonenntaefinplr @ndiieas offeaivew ecul ar
sieve catalyst conposition to the |light olefins_al so produces hydrogen. In

this enmbodiorait irst pécohglirutanng srcamgomprissssaphamgl @gd ethanek mebeiaiht
olefins. T ﬁ%ﬁﬁ -&9%5 | 4 at ed
hydr ogen t Egﬁ%?r%g e g_icé{ge?gt e %t%a@%%?sgar Bbgg{agéﬁﬁgﬂﬁaggﬁ‘g%%p %?/i Hﬁg‘g’?{s zone
and the et hsbool 1.6yt deat 99.200% least @y portide odl tly firso gleohslavfiamih® strdam t her

synt hesi s of methanol and/or_ethanol.. 5.0 041, Thus, gn one enbodi nent, the
process for(eRerafithgVriFyFMGRLEPHST aftRt ighlegnds 1smeNal CoRBHE AcPlFgUlar syngas

St ream oMt 3ica AIchABoIRBRH HSeactbABRMuAIE SLARARBHIRYY OgRRYig N @

nmet hanol synthesi s catalyst and an et hano synthesis catal yst in an
i nt egr-at ed copnarhthsd setmne anddsharfol ts ligheldfing. ofike &fst ecndittenst aptiohaltyn a fir st

al cohol - cont ai ni ng str.eam conpri si met ha .And eth , Wherein the
first al COWBF‘PE‘B?IgéF?ﬁHHB t?’f“?cggtfﬁ%%gg%p PH%C‘)‘I éf‘bab&“ﬁgﬁ@b wei ght ratio of
from aboutjgdgs) to abRuinoBlr Bmbblinh&RSthe dnRaAkibh Mo Qf probRs Fdr'bducing

al cohol -contai ning stream (e.qg., after water renoval and/or after |ight
ends renovaight elsfimschaying avlesizahlarveighteratiocef ethylene ¢ mpaylaneonin thisn reacti on
t he_net hanol amdg et hanol
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carbon monoxide, carbon dioxide and hydrogen with a methano! synthesis catalyst
and an ethanol synthesis catalyst in a synthesis zone under first conditions
effective to form a wet alcohol-containing stream compnsing methanol, ethanol
and water. A weight majority of the water is separated from the wet alcohol-
containing stream to form a dry alcohol-containing stream comprising a weight
majority of the methanol and the ethanol that was present in the wet alcohol-
containing stream. At least a portion of the dry alcohol-containing stream
contacts a molecular sieve catalyst composition in a reaction system under second
conditions effective to convert the methanol and ethanol to light olefins. An
effluent stream comprising the light olefins is yielded from the reaction system.
In this embodiment, the effluent stream has an ethylene to propylene weight ratio
of from about 0.8 to about 2.5, preferably from about 1.0 to about 1.2. A weight
majority of the light ends optionally is removed from the wet alcohol-containing
stream or from the dry alcohol-containing stream, wherein the light ends

comprises one or more of hydrogen, carbon monoxide and carbon dioxide.



conprise a reaction tenperature of from about 204C to about 260C. [0205] In
anot her enbodi nent, the invention is to a process for producing 1|ight

ol efins having a desirable weight ratio of ethylene to propyl engg FEB 2087 s
enbodi nentWOt2485/84118Fess i ncl udes a step of contacting a POTHERMBSIBHEAM
conprising carbon nonoxi de, carbon di®ki de and hydrogen with a net hanol
synthesis catalyst and an ethanol synthesis catalyst in a synthesis zone

under first ition ' OfRM - I Al tream
conpri sing mgnol , leh%g%?tegl\r{?gd% rIet’r {h%kﬂ&é?%ﬁ? : gg?ﬁir?fcgpg& {aﬁg&\ét er is
separated f lighn dleénwevhatiadheweighvnsted of ellyylehe éapropplefocam be conyrolled.

al cohol - cont ai_ ni ng stream conpri sing S wei '
ir

ght rtraj ority of the methanol and
the ethanol It Hy¢ stARCdImERleAke PrpcEsfe ShlacHRRd IO CeyAttig? SYNES LA At | east

a_portion ofohheetycabseiabisRl ApldR0IRIIRAM FIMOACE Suith TOLSRULAY Si eve
1dn I1n a co conal

catal yst conpoSit react1 on system under s ons effective
to convert s$yhehewdt baakykt anichre¢thamudIsyhthedis githlyel mfd sysithedin zoaé fthdeefirsist r eam
conprising the_li ghtquelﬁe_fi ns i s yielded fromthe reaction system.  In this

enbodi ment , CanqtieRs | sfESHVEt e dRTRag X5t eRIFPRUrFONIEEIRE oSTFAEN CONPTISHE rati o
of from aboptyind] te%aﬂgp d Water. rv?éi%{tﬂﬂzﬁ&i’if}" SHheRatst is]sgg?rﬁ@d%&ﬂhel' 2. A
e 1l s 0 a rom t he

wei ght majority oOf t ght en tio y IS renove wet
al cohol - conwei aicahol-®intaring ctredm corfdrinea dryyalediobhaitainomg stiemmrgnptismgm

wherein the light ends. c ri ses one or. nore of hydrogen, carbon nonoxi de
And car bon HMHRETASBIEER 0B MREEOb SR OS1S FEepOTIPELY 00 BB AR ABS G [ 03061
I n anot her ﬁ@&ﬂﬁj-ﬁminin&@ﬁ?éxﬂv?ﬂé Hﬂnalbﬁhc{}-%oﬂtaﬁﬁﬂgﬁfe%ﬂ o @5 B8andt! ght

ol efins, wherein the welg rat1 o of ethylene to propylene can be
cdntrol | ed.to éthandli weighbmtiorreft Jeasthe pprivnesthenty aitobolacaitaping fstreamt act i ng a

Y hthano! Colisen agnatelt fRs SRR he T oy Rrrh S e ey oo e
synt hesi s zongittteefédtivet to 6aRHL HRNMel{dhET ahd ahd Ru{06Md@ 1WBE alefins

al cohol - contai ning stream conprising_ nethanol, ethanol and water. A weight
maj ority ofconwsiag ethylese sagaropyiaaes dbmirsicondisionsare yaned sootheithaifing st ream

to forma dry,.al ol.mcont ai ni st r.eam conpr.i sin L ght Lority of the
ot hano! a8 PReSERh SiHGR0) ReRldadd SE 2RI or §.55tha MBI LB o g
stream Theyé gttt of heCrityiag wifmkke Stst @anditiass dptioniBy inthides oRdngidgothet hanol

wei ght ratio. At |east a gortion of the dry al cohol -containjng stream
contacts a lpperairgratsyhigh the diastyeantachingodén oesis.n A$ disessedbabovsnén under

second increase in temperature may depending on catalyst type result in an increase in
ethanol production. The first methanol to ethanol weight ratio can be greater than
or less than the second methanol to ethanol weight ratio depending on how the
first conditions were varied. Optionally, the varying of the first conditions is
responsive to a determination that the ratio of ethylene to propylene in the light
olefins should be increased or decreased, e.g., in response to changes in
commercial demands.

[0207] In another embodiment, the invention is to a process for producing
light olefins from methanol and ethano! formed in separate synthesis zones. This
process includes a step of contacting a first amount of a first syngas stream
comprising carbon monoxide, carbon dioxide and hydrogen with a methanol
synthesis catalyst in a first synthesis zone under first conditions effective to form a
methanol-containing stream comprising methanol. A second amount of a second
syngas stream comprising carbon monoxide, carbon dioxide and hydrogen

contacts an ethanol synthesis catalyst (optionally a fuel alcohol synthesis catalyst)



conditions effective to- convert- the nethanol and the ethanol to |ight
olefins conpri sing ethylene and propyl ene. The first conditi orﬁagtg mri ed
so that the first Jyet hanol to ethanol weight ratio is changed t'0°: e]fcond
net hanol t OéP‘HZ’ﬁb’f wei ght ratio. The varying of the fi PSTUSHRKPIHEhs
optionally includes changing the tenperature at which the first contacting
step occurs. As discussed above, an increase in tenperature nmay dependi ng
on cat al ystintaygeeond Syhthesis zae imier sasadicondidbhaefdctive ol it anethdig- f i r st

met hanol to ethanol weight ratio can he greater than or_ less than the
second met FERBINIRE $Feamh QOmMpssEE: chaeely g’ép@ﬂﬁi B PBHOH A R gnethanoly

condi tions yard j st AVAY Lt gt ifions is
responsi ve C}t&g{agn%‘étég% rqhmngﬁdgﬁ& ﬁda%émthhielq?éaéf iaoli ﬁoﬁ%ﬁ&%g@h&%%gﬁ%{é@ ene in the
| i ght ol efstiesm s duimd ab@nibinedesimach avirgec fishawthanel . ethanol weighorse. t o
changes in_ commerci al demands. [OZOZI I n anot her enbodj ment, the invention
is to a prdeds emhodimgat, disstio|qfgrethyiob e fhanel imthecombised stF@metHanol
fornmed in hesi: hi ' f
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nmonoxi de, davisen) egowabes anch by Huonarimitéchtoabutstrfigngidte os phighedves, wat al yst i n
a first synthesis zone u(gtg]%r firft ]ﬁ})ndi{lio s, effectiye to forma

met hanol - cdADAIN AP Sivmethiasel SAET nethanghdhat K ceRghgd aito & a second
syngas streghpiRARlesind carbon nmonoxi de, carbon di oxi de and hydrogen
contacts an ethanol synthesis catalyst (optionally a fuel alcohol synthesis
catal yst) (@&SB2007 VI £095mbbBIsRAR, PCKHaHS2R4ti@B854 e Bhbined sircamcond

synt hesi s zone under .second conditions effective to forman ethgnal -

cont ai ni ng SeYAES A E‘bqufﬁqﬁ%ri ﬂaveefﬁﬁiyﬁﬁ COTRPOSIGONS {1 3 rﬁ?ﬁn["i“o??n&mgﬁet hanol -
cont ai ni Ng cSAdiREHR | SHLAMD ReQoidrh @b mefShold aRAT Eth@ib]1Ofo UGt olefins

et hanol -containing streamto forma conbined stream having a first nethanol
- t 0 -et hanol compgsingrethylene and priopyleserh dbie aevand apteant eptianally carcbduartad t o

et hanol in.the conbi ned eam can - be ady usly varied b chani cal |y
controlli nH‘ & orn&r%lrgg tﬁ% g{ﬁ gloeﬁlgal’n(?}% %1@%1'0 (gvtse,?gq]grég{fo, %v%t v ggﬁ%ﬁ"@s but not
limted toipuithesl heigliatatio Owhidhuglsyadanelse gteater\thility drNessatianiithe @rstmet hanol

and/ or ethanol that is conbined to formthe conbined stream [0208] In this
enbodi ment meghanpkiosgthanod sreighd gatisy. t he conbi ned stream contacts a nol ecul ar

sieve cat ajghphy COMPOgHt LN dfhoRith&RC b e ZR0&nt GEntddN e process of

converting the methanol and the ethanol in the presence of a molecular sieve

catalyst composition to the light olefins also produces carbon monoxide. In this
embodiment, the carbon monoxide optionally is separated from the light olefins.
The separated carbon monoxide then may be directed to the ethanol synthesis

zone to provide a carbon monoxide source for the step of converting a portion of

—

the methanol to the second feedstock.

[0210] In another embodiment, the invention is fo an integrated process
for producing light olefins form methanol and ethanol formed in a series of
synthesis units. In this aspect of the invention, syngas contacts one or more metal-
containing catalysts in a methanol synthesis unit to produce a first feedstock
comprising methanol. A portion of the methanol preferably contacts carbon
monoxide in the presence of a catalyst system in an ethanol synthesis unit to
produce a second feedstock comprising cthanol. The first feedstock and the

second feedstock, optionally in a combined stream, are introduced to a process for



conditions effective to convert the nethanol and ethanol to |ight ol efins
conpri si ng-et hyl ene and- propyl ene. The second anount optionally can be
varied in order to change the first nethanol to ethanol weight Ok FiB 2067 a
second nmemarois/sggy2et hanol wei ght ratio, which al so canplogngreaess7i han or

| ess than the first nethanol to etharol weight ratio. [0209] In one

enbodi nent of the present invention, the process of converting the nethanol
and the eth i h r_Si cat al osition
fo the | gReiareie, e rRURRETaRs Bl AL e prBlcBUe of PRIl SRR 1 e

car bon nonaialgst epinposigidnyioilse Bgpalefingd. 4.y anOTerehttidit syetegd.i ns.  The
separ ated carbon nonoxide then nmay be directed to_the ethanol synthesis

zone to prdf2hlH a carBoshivowebadaeeniothecaearol Weclbaey) weigkbrierivithy a
portion of . the OF gtﬂ%ﬁ? leah %etcgﬁngﬁemd\éir?ﬁngsﬁgg&%n éoqgﬁ‘t?(fns i tl%n%hgh%rl
grate
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enbodi nent, e inventiron is to an inmt process or producing |ight
ol ef i ns f orsymiketibamil Bod eefinplRpbn iidmse in Retisfte@perature Sy Mdehamluni ts. In
this aspect of the invention,, K syngas contacts one or nore netal - containing
catal ysts ishmiesatun Wil Joslh s pg mgrgase i chapal prodichon. s tAdditianally ok
compr i Si ng ehNAal. i RALGR b Ykl RIGADAN W CLEIABL YerBRAG  fe BT bON
nonoxi de in the presence of a catalyst systemin an ethanol syntheSis unit
to producenmuseedntdetheads honk tho metiaaohgyehedsnainit Hae i§ idistiefl @odiié ock and
the second feedstock, optionaély in a conbined sfream are_introduced to a

{

process f orTEBEERIGFEHSEUbGos/ B medrpicplagniieiirg oramorsfloveepi@t t i ng t he
met hanol and,.; P@&E ' olg f l,ar , sl | yst
conposi ti orrallg}tqtg&?h:é o] %H%Inae [ ﬁgﬂl g.ﬁg&:%e{% @g)ﬁrglég%i 6na%0§¥§1m0?%§1>1/] In

t hi s enbodinmsiinol) bypasstshtheethatal syhthasio hinivand it dirattedtd thet®BO resotitn ned

stream can be control |l ed.by varyi eaction condjtions in the ethanol
synt hesi s SHEM VEHOULRAFHID t,hr%‘f&itﬁgi:% Smﬁ]‘F’%}éBf‘ﬁton tenmperature in the

ethanol . sygihesi s Uiih WilllstaRS Wt eliBodihdl ©F $8S frekéht ShiiaRigh “ﬁ{epegyct i on.

Additional 'y of alternatively, the amount of ethanol formed can be varied

by contr ol tiengetharol symbhesis wiit npdritanol pdrmbeh tortbe wdtanahssmtlspistunitsi As uni t t hat
Is directed to the e hanolt zﬁgg&gsi s unit, e.g. b].)é chni cal controlling
of one or A&} B ot reatiet c ETTPRYRS O ’?‘ygasa d:gfetce O SYO88S £ r st _
feedst ock gehSationPuMOAG10NIdRAIY e HARE-NIAAR! StrddnD 206 @8nipiReLlbanmh synt hesis
unit -and is directed to the OTO reaction .

weight percent, mmore preferably less than 1 weight percent, and most preferably

less than 0.01 weight percent sulfur-containing compounds, based on the total

weight of the natural gas stream 200. In the syngas generation unit 201, the

natural gas in natural gas stream 200 contacts oxygen under conditions effective to

convert the natural gas into syngas, which is yielded from the syngas generation

{ unit 201 in syngas stream 202. Generally, the production of syngas involves a

combustion reaction of natural gas, mostly methane and an oxygen source, e.g.,

air, into hydrogen carbon monoxide and/or carbon dioxide. Syngas production

processes are well known, and include conventional steam reforming, autothermal

reforming, or a combination thereof. Thus, syngas generation unit 201 may be a

steam reforming unit, a partial oxidation unit, an autothermal reforming unit,

and/or a combined reforming unit, e.g., a unit that combines two or more of these

reforming processes. Optionally, water from a water stream, not shown, is added

to the natural gas stream 200 or the syngas generation unit 201 in order to increase

the water content of, and preferably saturate, the natural gas stream 200. Natural



system w t hout passing through the ethanol synthesis unit. {0212} - Fig. 2
illustrates one enbodi nent of the present invention wherein t hgp g rPEB 07O
synthesis unit operates in parallel to the ethanol synthesis unit. As

shown, a n¥PEPLYJ8E stream 200 conprisjng natural gas i ECHUSKWHEE TS a
syngas generation unit 201. Ideally, t’he nat ural gas stream 200 conpri ses

|l ess than 5 weight percent, nore preferably | ess than 1 wei ght percent, and
most pr ef erghlseahes i) 6ﬁ1ﬁiﬁa9¥ BldesetraiiedRREAR Narusatbd by mg;p@ft @k pidedsse@mpounds,
based on the total weight of the natural gas stream 200. In the syngas
gener at i on deséribegloaboviehvath refaremcglto & 1i n natural gas stream 200 contacts

d diti ffecti . t th t.ur al i nt ,
i oh i s yiBREEGTT ¢ oneones S 4oh TN GHTPTORE Fh Undhs TEEF oam 202.
General Iy, i rdseflGot b, sMngasiddavoty 8Sirdt dgRabustynels &eant bon of

nat ural gas, stly methane and an oxygen source, e.g.,” air, into hydrogen
. carbon nonexilde sepeiidrdetixation syigex i steamSyndas Oprioehllyt itlen syngapdesist are wel |

known, and jnclude convenfion steam reform ng, autothernmal reformng, or
a conbi nat id(‘fﬁv"i‘tﬁveer égpgﬁﬁé‘?mg?noé‘aés &8%?%55?%]&011250%’13?0’?6 9“5%“’53{1%? eam
reform ng Whblactefisted EdrahetRarioll 8rithdisuBiniladly, fdébAd BETVIRVe §RfzRE Sikdigh uni t,

and/or a conbined reformng unit, e.g., a unit that conmbines two or nore of
these ref @& opjiopelrds sempragped tnardwde wheak présswrmatiomehaactetisticarfpr not

shown, is added. to,the.natural ;gas ream 200. or_. sypgas, generation unit
201 in or d@?n‘f%mf)ﬂcﬁhg&esoé%t %éa%%re@%lﬁﬁewl 1 ‘éﬁ{{jag?'efg%ibq V%ﬁ‘t’%r ate, the
nat ur al 98%&%@%@%@@04,N&taJp@HtioﬁJﬂE’erEoﬂ,EEs dREted\R 2SI Sivthesis unit

PCT/ US2004/ 474 67 gas stream 200 optionally is desulfurized and/or
sat urat ed BOS arierein thaeypgasde fisd sleriyaitier sypeas aierme2d eantaces emestlesot o Fig. 1.

[ 0213] Syn . Ldeal L. | i r ressors,
not shown, gi‘ﬁgggil%%%t:&\ﬁ% ge H‘lgn?:lé1 d%‘luo:n ? res@g@gere?igg?\&/egt gleﬁsggéasgétg rrg?a% 4 and a
second derTwhas,i tetimpobasndbsieamit?005- yi¥lds anahdtianol-bentsiyiligasirdath f207st -
derivative syngas.stream 204 i s conpressed to ptr ovi de ideal pressurization

char act er i $tHESORtDaY CRBRTFeSAN FRds: setigmel. witey and Bl ddrtiapallyve syngas

stream 203 i Hatich SOHP i i Ly Lon
characteri g??ﬁgg tﬁ%?&l} c%ﬂ#\%}er Sl oE@ﬁ@%&%ﬁco&g&e{%ﬂgﬁ}?ﬁ?Ar?l-g?ﬁ%%'g %%%lnesi S unit
206. Fi r st 208 rthe atiethenolsyomgmsing tstream 2074]s weated patht & omstibenaidim, nst di rect ed
y h I hesi O : h . . . ‘ . :
Syngac. st . M OR Fse s i Rat dhown, MndoC oI erfictve (o inrense 1 ¥

the pH of the methanol-containing stream 207.

[0214] Meanwhile, second derivative syngas stream 203, or a portion
thereof, 1s directed to ethanol synthesis unit 206, optionally a fuel alcohol
synthesis unit, wherein the syngas in the second derivative syngas stream 203
( contacts methanol and an ethanol synthesis catalyst composition under conditions
effective to form ethanol, which is yielded from the ethanol synthesis unit 206 in
ethanol-containing streamn 208. Additionally or alternatively, the syngas in the
second derivative syngas stream 203 contacts a fuel alcohol synthesis catalyst
composition under conditions effective to form fuel alcohol, which is yielded from
the ethanol synthesis unit 206 in ethanol-containing stream 208. Additionally,
ethanol-containing stream 208 optionally comprises methanol, light ends, water,
and fusel oil. As with methanol-containing stream 207, ethanol-containing stream
208 optionally is treated in a caustic wash unit, not shown, to increase the pH

thereof. As shown in Fig. 2, the methanol-containing stream 207 is combined



synt hesi s catal yst under conditions effective to convert the syngas to

nmet hanol . Thus, nethanol -synthesis- unit 205--yields a nethanol - c‘fﬁgfﬂ]gb ng
st ream 207 whi ch_optionally conprises |ight ends, nethanol, water; 07
fuse] oil W8I URERy, prior to the separation of the cEFIGBAHO3ETHt ai ned
i n met hanol -contai ning stream 207, t W& met hanol - cont ai ni ng stream 207 is
treated with a caustic nmedium not shown, in a caustic wash unit, not

shown, undeyiomgi étilﬁﬁ?-c@rftﬁiﬁﬁ%i ¥fehfl 20K 686N ddeiRdd @fcohBEcontaining
met hanol - contai ni ng stream 207. [0214] Meanwhi |l e, second derivativeé syngas

stream 203, stama2Sorti on thereof, is directed to ethanol synthesis unit
206, optiong| a fuel, alcoho synthesis unit, erein,the.s s in the
second qeris]gtw]ve syngglgk’_é’fa? foﬁﬂlr_’?% on EIW%SEEG@ f Wéﬁ%fab%{f dé#%ﬁﬁ%ﬁol
synthesi s cghalhsh z%ﬁé[pﬂﬁich'c‘éﬂlliﬁ#@ra t@AtichdOBsparfioheatit @0t suchoggmuet hanol

which is- yielded fromthe ethanol synthesis unit 206 in ethanol -containing
st r eam 208. toppiig icobral, leyd 8 refaing cohmiy 213, Int the lighhends separatien wge2hd

derivative s as stream.203 contacts a fuyel al.cohol synthesis c | yst
Compos 11 orf BHAERS AbnanEtishdo SHUAL Be B e iiFouoaREBHeR S oo <

yi el ded fr qfiio iR eRiNHRAN 23Y RhD Bt msIdohdPhrdath BIanol - cont ai ni ng stream
208. Additionally, ethanol-containi ngu stream 208 optionally conpri ses

met hanol , [[0gH] ends,Atlgessa portipm of ligh engis [strezas 20 prefrmeblysis a¢cyslsditai ni ng

stream 207, et hanol - talnin tream optionallyv. isatreated,in a
caustic wasqjl’eLPﬁirf’?renogﬁ %%’v@ﬁ? g‘ta%‘erlaﬁglrl élggte“ 1I’\ghep ea{aﬂélrs I}esﬁsmgtﬂ%% in Fig.
2, the met hadQr tEORhAIoDbEhGishe 86,7 AssheRitrash 1248 tHeHFow 0% hichGs

2005/ 051872 PCT/ US2004/ 035474 68 w th the ethanol -containing stream 208 to
f or m conbi meghlaed bk dlowceontral ¢evirge 233, cermgsdmdt endsLuom lighhends sleam 211

al cohol - cont ai ni pref | i t ' ration zone,
whi ch corrp?%’ s 3‘2 Og%o%‘?]tﬁgégﬁﬁ%ﬂ g‘ep reg{ffcgir%y’ugr?i% g W&ﬁ%ﬁgg?gy‘%@%ﬁg col um,
" and a refi ptregn QoK ucthe?hdgad genehstidn ghit 20hd Simdady, atrean 2291 darr?ebQight =~
conditions are effective to separate the conbi ned al cohol-containing stream

209 into IepghfroBhiEeast (ehi e cHivgob SYRIBFRS BritaRGl Lkpuiss sUAm Pp16] Al
| east a portiQp ﬁgﬁt drldd %nﬁﬁféan%é@mﬁ?ﬁ%ﬁge ?j?rﬁﬂésYﬁ et 3G YL g One or

nore of the syngds generation unit 20 anol synthesis unit 205,
and/ or t he tlet higitokndsythtdughi theseniviari@@s6 strémns loptionalkt isceont@éd ileldo ow of

Y\'Plgﬁ»? IerS] d Srcggtlfltlél,a %%P?QZBJ Qﬁ (gr?(P tiﬁl. %Véh%%n?%?’f)o 13{1 roifetﬁf: lciogl%tongnr‘géj ?nf rom

‘stream 224 can be removed from the system via purge stream 228. The flow rate
at which components are removed from the system via purge stream 228
optionally is controlled via flow control device 230.
[0217] In one embodiment, the light ends separation unit 210 also

! functions as a caustic wash unit. As shown, a caustic stream 235 is introduced to
the light ends separation unit 210 under conditions effective to increase the pH of
the combined alcohol-containing stream 209 afier it has been introduced therein.
Thus, bottoms alcohol stream 212 may include caustic salts from caustic stream
235.
[0218] As shown, bottoms alcohol stream 212 is directed to refining
column 213, wherein water and optionally fusel oil, not shown, are separated from
the methanol and ethanol contained in bottoms alcohol stream 212. Thus, bottoms
alcohol stream 212 is separated into a water-containing stream 215, a fusel oil

stream, not shown, and a refined alcohol stream 214, which preferably is directed

to a methanol concentrator 216 (particularly if the ethanol synthesis unit 206



to one or nore of these units. Specifically, stream 227 carries the |ight
ends from stream 224 to thesyngas generation unit 201. Simlar IDy& FE 2068m
225 carries light ends fromstream 224 to the ethanol synthesis unit 206.

Li kew se, woeemmmsS288 carries |ight ends from stream 224PGHUSHNed/Mmsthianol
synthesis unit 205. The flow of the I®¥ght ends through these various
streans optionally is controlled via flow control devices 229, 232 and 231.

As shown, a porti of the,. ts | tre an be.renpved fromthe
System vi a §gies BanesuSE TRRE FP sl wibh FT, EendR B R0E FERUSE | oV ed
fromthe sysingitionsaangWhedfis tdadyst 2R84, etironableid wBahidd). | 8kivimd] f | ow
control device 230. [0217] In one enbodi ment, the |jght ends separation unit
210 al so fapneenteer HS iaueaeressary iatbp cthanel sypthesin 9iK 208 compsisesca fek eam 235
i's introduced .t -1 1 ght p t I u r ndi-ti ons
effective tagcth?grs gg@%’% %ﬁ%@pﬁggﬁg ﬁﬁeﬁé%lﬁ%gﬂrétggsé% B‘%\rj?gﬁs-((ﬁ:]%gtng?%?%dms ream 209
after it hafiethe®sl sdukde0dWaEr-thebRing strddiis215bpief@ablyadon@digd aSivepatn 212 may
i ncl ude caustic salts fromcaustic stream 235. [0218] As shown, bottons

al cohol st reaiaTipngf the castiesalsdbatovensicopiaingd 1 beitgms sleahol ghieanaghewat er and

' [ | oil, d
g{)}’li&gg? cgrﬂ]al edO: n Igg?éeéﬁsﬁ%ggg o@@@gg%&’g%ﬁﬁﬁ%ﬂ%ﬁﬁégﬁgﬁ@Og}%ghoI

stream 212 prefefubpaliakalfedted ao aconditiunsCelfictive ita fosth I @aiud Scondetitiged  Oi |
stream not shown, and a refined al cohol stream 214, which preferably is

directed tsgegm ridt’ 1R gnethaaned difitesk Sireanm 31§ pMethaned eoncentiated Fecagt Bhhol _
synt hesi s %Blnlt]?n'g%a 9@%5@%8%(%&?%21‘1%@%%? 50 ptgﬂi/g@ﬁ? P8 38Dt st?e?ag}] conpri ses

a honol ogat1 on zone, ependi ng on the reac
condi ti ons 2andimd pgrtiohally & gloatiys bf wlse dthanalqeontainal sorsfined afcohet ftesand ) .

Met hanol concentratqr 216 i necessary. i f the ethanql synthesis unit 206
compr 1 Ses 21fubnvarasHBrbe Bl S| Lot p e SHBIOS) hesi

- process does 0t edifblHid B 2 ANTBLAIAIRN sHeMHCAY ML Sty &l Rirfigh SF g2 m 215
preferably contains a weight majority of the caustic salts that were

cont ai ned nretlrmbt ormaiatd whudfined radeoho? t2eam 202.1 Ihe lpurpast drilnd netraneht r at or
216, refined al cohol. stream 214 r ef er abl iSs.subjected.to conditjons
effective CORYBIACRHES hﬁnﬁ?%o%cﬁ#ﬁt@&ce@qegzﬂ Z#?ﬁ‘ﬁﬂ‘g hai ana‘ | ut ed
stream 218 o iehhaed!stre/ACEM! at fsltivh! SRWhith 'maf B HIr&R&d o Weé GHanbBj Ority of

the met hanol contai-ned in refined al cohol stream . _
synthesis unit 206 to serve as a methanol source for the ethanol synthesis reaction

if the ethanol synthesis unit 206 requires methanol as a feed. As shown,
methanol concentrated stream 217 is separated, preferably in aliquot portions, into
fecycle stream 219 and stream 220. Recycle stream 219 preferably is rich in
methanol and is directed to ethanol synthesis unit 206 to serve as a methanol
{ source for the ethanol synthesis reaction optionally occurring therein. The flow of
the recycle stream 219 optionally'is controlled via flow control device 234,
[0220] Stream 220, which is derived from methanol concentrated stream
217, preferably is combined with at least a portion of the methanol diluted stream
218 to form combined alcohol stream 221.
[0221] Combined alcohol stream 221, which comprises largely methanol
and ethanol, is then directed to an OTO reactor 222 wherein the methanol and
ethanol contained in the combined alcohol stream 221 contact one or -more
molecular sieve catalyst compositions under conditions effective to form ethylene
and propylene, which. are yielded from the OTO reactor 222 in light olefins

containing stream 223.



214 and optionally a portion of the ethanol contained in refi nei 5\1’50 ohol
stream 214. Conversely, nethanol diluted stream 218 conpri ses £ 607

maj ori ty anol contained in refined al cohol str _nd
optional |y QZQ Y S%ﬂ of the nethanol gontained in refi né%a}gefségﬁo'lh ¥t r eam
214. The purpose of the nmethanol concentrator is to forma stream
concentrated in nethanol (the nethanol concentrated stream 217), a portion
of whi ch najo2agj di rechegi 3t diusheteetdroriek ershottiimesi of uhet p2t tiavagione as a

met hanol source, f t et han nt hesi s reaction if the ethanol synthesis
unit 206 rewbrrre@sﬂrrér B S g%rl%é@a ‘ixéhesrfﬁ%rp L synibesamalt 280 H8RHd AT ed
stream 217 r bl | t t ycl e
Stroam 210 Sus° SHPEE g JPRRARLEY Sty ol B4GHL % iR 300 ProphSY

met hanol anghting] gdas Batisdtdddo et dyapad generdtivmsurst 601 whafiin tie satmvbg@sis a

met hanol source for the ethanol synt hesr; reaction optionally occurring
therein. TheONVFRRH ¥ SYNERRIn SYRges streaimy dm W%rﬁ?’i‘%ﬁ%‘?‘}‘}mﬁok%@?‘@l}’ed vi a

fl ow control € [ St ﬁargl S ri.ye 4et hanol
concentr at ecf trggm %ge%? rgir%éﬁinga yi s?’%‘g | ne?i}/c\)nht Hggt egus{) a port i on of
t he et hanalefatining euit,sindéam cadiined reffommngonm eed ahmotiedt combgemt@@l. 102211

Conbi ned al cohol scg_rgﬁm 22 whi ch conpri ses hargel y gﬁt hanol and et hanol ,
is then di r&ct t SOFRfOFBYIE BFOESES wh é}eiBROYoh ftich 76 | SR 389 hanol
cont ai ned '({i)trtoﬂﬁlfthﬁﬁﬁe@kﬁ@}h%atéﬁ pABME2d: Gp0 AdroiifioR! inPlsfhealiDl eCul ar
si eve catal yst conpositions under conditions effective to form ethyl ene and
propyl ene, geheration ang 3flel Shegas storan 362 Préferabdy idir@2@l ina Icogiptessibef i ns
contai ning stream 23. 0 FEBZO 7 WD 2005/ 05]3%é2' PCT/ U82084/ 035474 70

[0222] Fi g.7°8% Rty eéi?}Bt B YBRBo M TN Vot ISt SPMBFSER P 3 RUFSHIES on
wher ei n t heuyaghk1a et C&W&Hkﬁﬁth%rééﬂ Ith n&’é’iﬁ’anfoll‘e ﬁﬁfté?%ﬁipr&\ﬁfbhhﬁﬁig%s Yédm ar e
situated in series rather than in paral shown, natural gas stream

300 conpri $i0Rgs dﬁmtodwmg@gmlsﬁmmp@ém 3tOé far sgmgsssorgémaoam owthandt 301

gencrat on briit Pafahc wiherE e b nbled ORI SR AT o

oxi dati on udthanoRkyathesik hﬁlteﬂydts uhateprcahdmonmldffecﬁrw/torco@ve@niil Rred geformng
unit, e.g., a unit that conbines two nore of these reformng processes.

As above, BAEtiOnaPf §igsSHIEER AncOElS ﬂl?ﬂlarn@ha‘l’“h‘;?hr ig Welded fray thy apethmokr prior
to or upon shﬂhés?sdﬂxﬁ Rr&nmla‘fﬂﬁx?olsc%ﬂmng stream 307. Optionally, unreacted syngas

from methanol synthesis unit 305 is recycled to the compression zone.
[0223] Methanol-containing stream 307, which is yielded from the
methanol synthesis unit 305, preferably comprises light ends, methanol, water and
fusel oil. As shown, at least a portion of methanol-containing stream 307 is
{ directed to an ethanol synthesis unit 306, which optionally comprises a
homologation zone (although it could comprise a fuel alcohol synthesis zone). In
the ethanol synthesis unit 306, at least a portion of the methanol-containing stream
307 contacts carbon monoxide, preferably hydrogen, and optionally carbon
dioxide in the presence of one or more ethanol synthesis catalysts under
conditions effective to form ethanol. The ethanol formed in ethanol synthesis unit
306 is yielded therefrom via ethanol-containing stream 308.
[0224] In an alternative embodiment, not shown, syngas is also directed to
the ethanol synthesis unit 306. In this embodiment, the syngas contacts a fuel

alcoho! synthesis catalyst in the ethanol synthesis unit 306 under conditions



generation unit 301. Syngas stream 302 preferably is directed to a
conpression zone, not shown, wherein the syngas stream 302 is (b @ifd to
a pressure favorable for conversion thereof to nmethanol. After W si on,
syngas st re@30387% directed to net hanol synthesis uni PCBOS200N38DNVeEr si on
thereof to nmethanol. In the nethanol s¥nthesis unit, the syngas stream 302
contacts one or nore nethanol synthesis catal ysts under conditions
effective to.con t.at | p i t S crude hanol ,
which i s yi GraRyeriooH oo %[°§§‘§fﬁ‘g&siasegn"}ﬁ%/"q’g’gawbﬁ(@ha SR et ng
st ream 307. theRdfioan flal ephanbRécbbiifd seyngd9s. f rom net hanol synthesis unit 305
is recycled to the conpression zone. [02231 Met hanol - cont ai ni ng stream 307,

~which is yi#2a8d fr onPepadingeargnetion gondigyisandrihe sposic ¢tdysuaesd 1 conpri ses

| i ght ends, n ter. f use il . | east rtion of
met hanol - cotﬁlg%hg‘lgﬂgg@%h\régé?ﬁn%g@&iaél &(ﬁ #%rglf) }ég fﬁ% rgér}ﬁ%\{@é%g I‘mg;ll%foﬁlggél%g uni t
306, whi ch jap fhertidnyl Satess akis 306 MoNBd agatitehtz@hgndf alAkiowdbsiidblecoul d

" conprise a fuel al cohol synthesis zone). In the ethanol synthesis unit 306,
at | east a 356PIdinghttherpeschbiyaREPD do mravide Ay aleobehpentgpingcisemcthet car bon
monoxi de. Rl llsal b Hehaet Ang BikaBPd 000k br 6R Adfhandl £th Weththolne
presence of orte or nore ethanol synthesis catalysts under conditions

ef fective toonfaiing edtieano307 dpsonatliyabppaséasr e dethanott dyathekis ynit BEGi & unit 306
is yielded therefromvia ethanol-containinggftrean1308. 0224] In an

al ternati vehewBdd RpASS SHem @ﬁ&/\ﬂ}e doWgak W haﬁs‘é?“éﬁ"n“@@:@&oﬂ‘?% copial et hanol
synthesis LHé'vch?B%%: .ﬂd@alh“a? sﬁ&i’r}?ﬂk rﬁﬁtah ESSS&%E]S%W&'[I%E&EM?IG& Yatn al cohol
t é et synthesrs 6 under

synthesis catalyst int ano unit 3 n conditi1ons
08FEB2007 \Athan0oD6sI&hBIE PR /US04 /16 Bietinittodictionahérect intcethe cefapatioret hanol , a

C3 al cohol and_a ¢4 al.cohol,.which are yielded therefromvia
et hanol - corfP8f faragmeyale H?Aﬁlﬁm‘f Bﬁmnf%ﬁgﬁ?ﬁq%??&"on_ reaction conditions and
the specifijgog@t al ystadisgdwhD ethRR12bRANGMg SHALALSIER, URLIch3BmpRkds OF @

portion of ‘the methanol that” was introduced into the ethanol Synthesis unit
306 may be mshanet,t @hanod wathmdight ends,i andi Biselesii i itwdugat mialilight ewdst he

t o ti { i d I hol - t.ai,nj t t.h i
bot h met hargreraite wehaHb) i Bl dpde P gpa o inf ol e e Slsiaramamer
cont ai Ni Ng cghkhRAMB SHAmONWE 6 dparat BY BRHS 8% Jilg Bhipanalts symhesinerdmi t 306, as

shown by bypass stream 337, the flow of which is controlled by flow control
Specifically, in light ends separation unit 310, the ethanol-containing stream 308

is subjected to conditions effective to form light ends stream 311 and bottoms
alcohol stream 312. Light ends stream 311 preferably comprises a weight
majority of the light ends that were contained in ethanol-containing stream 308,
while the bottoms alcohol stream 312 comprises a weight majority of the
i methanol, ethanol, water and fusel oil present in the ethanol-containing stream
308.
[0227] Preferably, a portion of light ends stream 311 is directed through
stream 324 to one or more of the syngas generation unit 301, the methanol
synthesis unit 305, and/or the ethanol synthesis unit 306. As illustrated, siream
324 is directed to the syngas generation unit 301 via stream 327, to the methanol
synthesis unit 305 via stream 326, and to the ethanol synthesis unit 306 via stream
325. The flow rate at which the light ends stream 311, or a portion thereof, is
directed to these units may be varied by flow control devices 329, 331, 332,
and/or 333. Preferably, a portion of the light ends are purged from the system via



device 336. ldeally, as shown in Fig. 3, bypass stream 337 is reconbi ned
wi th' ethanol -containing stream 308 prior to the introduction thggggl Hto
the separation zone for renoval of undesirable conponents therefrom

[ 02-26] AWERMFNSI¥Zhanol - cont ai ni ng stream 308, whi ch c#&FULeN/ 03788 hanol ,
et hanol, water, light ends, and fusel ®il is introduced into |light ends
separation unit 310. In light ends separation unit 310, the light ends in

O ed” STBL bt S5°R0 AP o3 nRRRALALE Lo A P O Ch R TRORE o

cont ai ned tfieFern: ends 'sep nit , the

et hanol - comdzami ning stream 308 is subjected to conditions effective to form
| ight ends stream 311 and bottons al cohol] stream 312. Light ends stream 311
preferably [@82¥ri ses Asvedigaied abriycolighlensls separationpnitSi@sontioaelinalse
contained i | - LAl .St ' t Qi t l cohol
stream 312 1@3‘%&?% gs'fl %8\%?%@%%? o%??})qlg ‘%g%iaﬁsetygn#g a%% lfgq}étt“ﬁd;%g?fnq%at er and

fusel oil pighsends sepatakion &abh300 hmdendoaiditiong effettanio iB68ase] tB2 3] offhef er abl vy,
a portion of light ends stream 311 is directed through stream 324 to one or

more of t heotiprgadcohonsiream Shiuris 2 B¥IL bofombeliahed streaiint Heaptionally t 305,
and/ or the SEIFRA oAt AN & dilidor3ROomediindl bRAGIALRT: BB oIS 24! S
€ syngas g ki Feam , 10 t

directed to eneration unit via s € et hanol

synthesi s yhbwn30btterna addchehrirdizh, 3lants tedtbd tethastoling wolumasizz3ufort 306 via
stream 325. The flow rate at whjch the |ight ends stream 311, or a portion
t hereof , i §emGY%1eftftt88 water; ¢pmganceh thegeipray hYS, {edimngy colmmy 313 epgietes|to devi ces

pur ged 11 o A bfiont? deahI3 B85 B B BRSL o ety %552 12
pur ge streamtG2B®ntdiliag fstroam Gfl Swiltreferably voeceonttaininigestrely 3 1500ungpaises ol devi ce

330. [0228] As .indi.cated. above, ]ight ends separation unjt 310 gptionally
al so functai%?i%htégalanﬁya?fsts? & a%g#atgyﬂstpresl&gt E’rfg Otteuys af O]sstt’ieé‘&rﬁolg% i s

i ntroducedgj lieghdd SREoISERAMAS 1OPreRhb] 3659;!1'1%9@ WA PR ! , gffective
to increaseShI?Egi.lyBH of the bottons al grghol gtre};lm 31%. Asgmaﬁl?jé&gu tSf bot t ons

al cohol st rtieamegapobped eHwnbly corgempd iis éwtiomssalcohad adiresmi A1 d dRefindmg t o

eLnAnol,  SLRRROh s MBSk ) Y5ihe it Pe “DRRL B R BhEBELa L1

therein. TRyseht bfth bty T (5O Fid8lNoi B itht QRS c8hRekAn bottoms alcohol stream 312
is removéd therefrom, Refined alcohol stream 314, which comprises methanol
and ethanol, may then be directed to an OTQ reactor 322, wherein the methanol
and ethanol contained therein are converted to light olefins, which are yielded
from the OTO reactor 322 via light olefins containing stream 323.
[0229] The weight ratio of methanol to ethano! formed in refined alcohol

( siream 314 can be controlled by varying the amount of methanol synthesis catalyst

in methanol synthesis unit 305 and/or by varying the amount of ethanol synthesis
catalyst in ethanol synthesis unit 306. Additionally or alternatively, the weight
ratio of methanol to ethanol formed in refined alcohol stream 314 can be
controlled by varying the flow of syngas in syngas stream 302 or by varying the
flow of the syngas stream, not shown, that is directed to ethanol synthesis unit 306
(if the ethanol synthesis unit 306 comprises a fuel alcohol synthesis zone). If the
ethanol synthesis unit 306 requires a methanol feed, then the weight ratio of
methanol to ethanol formed in refined alcohol stream 314 can be controlled by
varying the amount of methanol that is directed to the ethanol synthesis zone 306

via methanol-containing stream 307, e.g., via one or more flow control devices.



separate the bottons al cohol stream 312 into a refined al cohol stream 314
and a water-containing stream 315. Preferably, water-containing stream 315
conprises a weight majority of the water that was present in th&FBBtugpns
al cohol sweams®im7z Sinmlarly-, refined -al cohol streanr@tdspnedsiably
conprises a weight majority of the nm@8hanol and ethanol contained in
bottons al cohol stream 312. Refining colum 313 optional I y al so for ne a

si de draw t it h oi |
Shar wea cSHPEAM. B2 WA o UPRERKA 0Bty TR L cSindi"BIIC ] ©
Refined al siphal 3$4 roaarbe3dohtrolibd bjnadgﬂsmfglcsﬁsoﬂ'&ﬁ(hanmﬂmﬁlwn@élh@@@des may then
be directed to an OIO react or wherein the nethanol and et hanol

cont ai ned $HerBiln e 3§%n31@r taé of 8% i griftly) dig weighiaplan ofmeethanglded from
the OTO re@tﬁﬁlgcg f%%?xﬁ& g | 19&1t l)l?ofl sﬂ'?arﬁoj]fﬁlc% Yhii& %}/33%1101{11%2%18] The

wei ght ratro anol’ anol ornmed in e |ne ream 314

can be cor&eaewdmrid;alomwgn@mphmamamamﬂ seiiaRanits’306t hesi s catal yst in
met hanol synthesis upit 305 and/or by varying the_anount of _ethanol

synt hesi s 10280kl yst 18 &t Hawdates paath@rs prabgpdimeniosfl %mfﬁﬁeéhdll‘fﬂ}m@ﬂ
alternati V\%hgrmnﬁgth‘ﬁﬁb gaﬁ:}xthc&é‘%cpetﬁ é) ] Rﬁ@ﬂls 05811"%%1 %e le fr(%rc zb& refined

al cohol stream can contro y var OW of Syngas in
syngas st rasshaloz, rmtuﬂayga/saatgeammomwmphbm‘g/ mitutaﬂ]gamm@e&tai foe@Bynga®t shown,
that is directed to. ‘?(ﬂ c%ﬁr‘}‘ SIS unjt 306 (if the ethanol synthesis
unit 306 CEFRERACRIDY %ﬁh gra @mélérﬁé az%??@) refprmingainilef PRI synt hesi s

unit 306 rggyi Oﬁsmﬁt rgﬁtans,r@}gnggﬁﬁﬁxmmﬁﬁu{ heh W& BBEmbiakd Pefd gﬁ;@no' to

et hanol forrre I'n réfine t ream 314 can be contro varyi ng
t he armuntAmMﬂthhathoVe tinbediinentdi waet Bodbptionaliy adtédtohateyabtghe siramzone 306

vi a net han otalnlagstrengOY él%%lv?a one or re flow control
devi ces. E@ 15YRB25 §BFIgBIB 18It B8 %/ 193BGEFAse e Walsri qoRiay,  t he
-wei ght- r ateh&-0f TELAAY seh@adh@noko QﬁéTﬁthﬂl ?z?sf B0 AGP RO stréfnf €am 314
can be controll ed by adj usting one of nore of flow control “devices 329,

331, 332, 49805 copBriedrioSprgag36hich isyieled firan whé gigas genayaiadn wet Hahol to
et hanol forrred LN t?eeafn'lﬁ(?j al cohol stream 314 can be varied by changing the
reaction cEhB Eror tenperature, in ethanol synthesis unit 306.

[0230] Fi go234)i | | ustSyaieasstesant fRrprefehol) Latredéd tden PRESLRE situesnd i on
wher ei'n- met hanol synthesis and ethanol synthesis occur 1n a single reaction.

zone. As WHARA Whesein the sygaas Somp syigas socEB Y2 conkagismear anorg gatalyst di r ect ed
to a SYN9Bmpositions under conditions effective to form methano] and water, which are

yielded from the integrated synthesis unit 406 via alcohol stream 408. Integrated
synthesis unit 406 contains both a methanol synthesis catalyst and an ethanol
synthesis catalyst (such as, but not limited to, a homologation catalyst or a fuel
{ alcohol synthesis catalyst) and operates to forma both methanol and ethanol, which
are yielded from the integrated synthesis unit with water, light ends, and fusel oil
via alcohol stream 408.
[0232] If the integrated synthesis unit 406 implements an ethanol synthesis
catalyst that requires a methanol feed to form ethanol, then integrated synthesis
unit 406 also preferably receives methanol from a methanol source. However, it
is contemplated that the amount of methanol formed in integrated synthesis unit
406 through methano] synthesis may be sufficient to provide enough methanol to
feed the ethanol synthesis reaction in integrated synthesis unit 406. The methanol
that is optionally received in integrated synthesis unit 406 preferably contacts

carbon monoxide and preferably hydrogen as well as one or more ethanol



generation unit 401, which optionally conprises a steamreformng unit, a
partial oxi dati on unit, an autothermal reformng unit, and/or aﬂgcpgpg@?d
reform ng uni with the above enbodi nents, water tional |y added to
nat ur al gea‘¥0§9?‘é'é\%?72400 and/ or syngas generation unit 4qupﬁu§39‘d‘€)i3”t6

i ncrease the water content thereof In syngas generation unit 401, the
natural gas-fromnatural gas stream 400 is converted to syngas, which is

yi el ded fr%iﬂaﬁlssa/dwgsﬁs %E@r@éﬂdﬁibnbméﬁecﬁ% toVERmS ¥IMAAS. StIRAMHER, [0231]
Syngas stream 402 pretferably is directed to an integrated synthesis unit

406 wher ei syniges Sipnyagngas cﬂmesmng%& cgntactsnd 402! elsabelcswitlnsts ortalyst én cat al yst

conposi tions, un ndi tion ctive.to f hano d wat er, which

are vyiel déﬂteﬁag?f{ fWghqsﬁtzé’B? gp‘g g gg}ogs ﬁ‘{e&%%) né{e%q@ 31828 £% eam 408.

I nt egr at ed f,§WKdRSI S unit 406 contains both a nmethanol synthesis catalyst

and an ethanol synthesis catalyst (such as, but not limted to, a

honol ogat i 8234t al ystAisphd streash 40&Prﬁt5ﬁ@b1}’slymqmebre;@tﬁtﬁdoalsm?mambmper ates to
rat ed

form both t anol anol ed fromthe inte

synt hesi s PIqH - ha\:/él EFQ‘%P? g‘ﬁ% 18 eCte g’ ¥ul§%1 FAp SCRATfION upy 51 Ot r eam
408. [ 0232}wHekeihtRe 'al%bﬁ‘&rs%ﬁe% msnism@ﬁh@tddnin&o 40Bstit ARl e sRaHns 431 ihanol
synthesis catal yst that gw res a nethanol feed to form ethanol, then

i nt egr at ed bgstwmh@bmol emwam @6 Light enhy eitearmad] }preasably semprisesamwtight om a

met hanol sour. G on rret hanol
formed in Pﬁat]%%lya({?q'ﬁeggh eés#%a%ur?lretp‘le%%ﬁ ﬁﬁ‘ Ohtoﬂ ﬁgg%%en]f% 0% may be
suf ficient alc@her siréae ANOopelerapty ARPIistd a ﬁ%@ghttzh@joﬁhhanqhe siethAes] s
reaction in int e%‘lat ed synthesis unit 406. The nethanol that is optl onal |y

recei ved i sthenelednssl ed aélglﬁffai@rsthét Was trrawet gt alcebalbstycarotitcddeallyapbon

D008, 05187 F Ak POBISH L AR Ul reBRIOT S, Bhe BPRGRELERI BRI =007 YO
effective pendrativh efitha0bhnd/é¢ theringiztated yynthssmgaﬁ 4060 s yhgas, stcagam 402

contacts a fuel al cohgl synthesis_ cataly i ntegrated synthesis zone 406
inder condf2] 87 Serame des UG it (ondhao & é%@g@a% &engrghon whig arbfhe [ 02331

Shown,  ai corar e REIERAR Rl T B Fa R BF BB ARas BT, o,
wher ei n t hdelalecmhiol thetermamopdnally is epatralieiviarfiov aohtrghieviersid2%t43dam 411 and
a and 433. Ifrecycle of the light ends is desired, then a portion of light ends stream » |
411 preferably is purged from the reaction system, as shown by purge stream 428.
The flow rate at which undesirable components are removed from the reaction
system optionally is controlled by flow control device 430.
[0234] As indicated above, light ends separation unit 410 optionally also
{ functions as a caustic wash unit in order to increase the pH of the streams yielded
therefrom. As shown, caustic stream 435 is introduced into light ends separation
unit 410. As a result, bottoms alcoho] stream 412 optionally comprises caustic
salts in addition to methanol, ethanol, water and fusel oil.
[0235] Bottoms alcohol stream 412 is then directed to a refining column
413 wherein water and fusel oil are separated from the methanol and ethanol
contained in bottoms alcohol stream 412. Specifically, upon introduction into
refining column 413, bottoms alcohol stream 412 is subjected to conditions
effective to form a refined alcohol stream 414 and a water-containing stream 415.
Preferably water-containing stream 415 comprises a weight majority of the water

contained in bottoms alcohol stream 412. Similarly, refined alcohol stream 414



_bottonms al cohol stream 412. Light ends stream 411 preferably conprises a
weight mejority of the Iight ends that were present in al cohcﬂasgg%gyn 408,

whi | e bott | cohol st 412 f bl t f
ile bottons _alcohol stream preferably conprises Z&é%ﬁ[]%%{ﬂ”@a{;o“ y o

the nmet haWft 209%@FHlAol , fusel oil and_yater that was pr Tdhol
stream 408. Ideally, at | east a porti on of i ght ends stream 411 is
recycled to one or nore of the syngas generation unit 401 -and/or the

i ntegrat ed pyoftiabhbi somiprides 4Geeighhsn@driiyuof thd mettmnol aniP Zthans] cohtagrddid26

Gyt hes s URPROME GUGROT sUermy 4o iaaraRs & S EN TCHORRGO! i fisgngd are
delivered t n I [ I f devi ces
790 951 pLopgERe HbbAAPLIARA! eakd ofRGR 1ENicld .f#%é”tﬁ@ tefifthe oY Fon

of |ight endslustr4dnviadkidepitafd erabl, noi shopmrged fromthe reaction system as

shown by pur tream 428. The.flow raje at, V\:hl h undesl abl e co onents
are renoved[(?"gé the HBAE Fabodsyente AF SRPYVHNEY I°§ ST SIOCBROVIS £ dBEtBNH | ow

control doviigc 43 mi0RM AP IR ALRIAG N : b Bhor SAERRIAYIAN Uni

410 optiona also functions as a causti’'c wash ‘unit in order to Increase
t he pH of tkuaeam r@drrtprc;ﬁmbljemb diregtedfto om methanbbwoncantragiri 416t r Bam 435 i s

trod d t ht d t 410. lt, bott
Al conol st r auasst e GRS Comfirraes At GF hmed efeohPh Sacttn ATBrst o
met hanol ,  epfigetd td’\@érﬁﬁtlcﬁﬁ%ﬂfeb’tﬁ% toofoi'm hOEAR BRklRfRALFARP Iﬂ?tafl am 412 is

t hen dlrected to a refining colum 413 wherein water and fusel oIl are
separ at ed fmethanhledﬂetEHastmb.maﬂtB etMaﬂu@hol contnimed $treabnt4ﬂ6nme&taiﬂhol stream
412. Specifical upon ntr uc efini n u bot t ons
alicohol st r@é?ﬂ?’%%% alg' ‘{Dg}ﬂ &5 E}H“Pbﬁ’gt %?Sf %dhr?rb‘he EAREd  ef i ned

al cohol st rzﬁ@éﬁo‘}%ﬂesﬁﬂdla mleeme M@bmlme@gﬁ&aﬁu4§§refeﬁb RhipRis¥s a

wat er - cont ai ni ng stream 415 conprises a wei ght majority of the water

- cont ai ned mmgbtmmthpté@nslhawrceawgn tigirpfined plgohalstreamd 4] cohol stream

414 0 8 FE 7 WO 2 ably conpri ses
a wei ght y of ghé({rgr‘g%ﬁgﬁloﬁl n?gano conﬁfnéuzrl%7 efgra% oltst%"ﬁ% al cohol
stream 412. dn%dﬁbdttb eiaintepgrated YitlgRis umjmsl Ets)sh@\ﬁvntﬂ'gﬁreftjiﬂebtrﬁni 41%.0Mh&i ned in
bottons al cohol stream preferably is él el ded fromthe refining, colum 413

via a side #pvakas ale3ich, methapeinis, sypplisdito|the ointcesaipd svpdass wd 40own, in
order to pry Ymﬂal;g M&M@g bgl M’P]Q:?ntfx&r alhi& 484 eofRd RdnaXRk Hoshich BRI t 406,

all or a po t|on
methanol concentrated stream 417, illustrated by stream 420, preferably is

combined with methanol diluted stream 418 to form a combined alcohol stream
421. Combined alcohol stream 421 is then directed to an OTO reactor 422,
wherein the methanol and ethanol contained in the combined alcohol stream 421
contact one or more molecular sieve catalyst compositions under conditions
effective to form ethylene and propylene, which are yielded therefrom in light
olefin-containing stream 423.

[0238] The reaction conditions in the integrated synthesis unit 406 may
vary widely. In one embodiment, the conditions include a pressure of about 1400
psig (9653 kPag), and a temperature ranging from 400° F fo 500" F (204°C to
260°C). The feed gas composition that is directed to the integrated synthesis unit
406 optionally comprises about 85 molar percent hydrogen, about 3 molar percent
carbon monoxide, about 2 molar percent carbon dioxide and about 10 molar
percent methane, At these conditions, ethanol synthesis catalysts such as

K2CO02/CoMo Sulfides will convert the synthesized methanol into ethanol. It has



stream 414 preferably is directed to a nethanol concentrator 416. Upon

i ntroduction into nethanol concentrator 416, the refined al cohol &8 FERag0A14
is subjected to conditions effective to form nmethanol concentrated stream
417 and rORBHAISIE2] ut ed stream 418. Met hanol concent r aP€d/G2PEIAGTF17
preferably conprises a weight majoriti of the methanol that was contai ned
in the refined alcohol stream 414, while the met hanol diluted stream 418

preferably ) i.ght f 6\{]}011 ont t he
refined al C%%g% ?‘?Z%%elﬁ.aglﬂ&m%ét%tﬁ% gltr? o met hamol ©¢o| é@snffua ed stream
417 pr ef er agdtitated, hdme-ﬂxygﬁnmed) €atmied ih hke mne@gécatsgaﬂthem@tlhﬁs 466 Wnithesd06 as
shown by recycle stream 419. net hanol is supplied to

t he integr a@%@ltWﬁﬂ%ﬁPﬁta@Hll?wigf@m%Meig@hh?fﬁm ?Es%rﬁ (&8°e- by 1 ow control
d 434, I 417,
evi ce 951 remai ﬂﬂ% pq{lgll Ofcdif: ﬁ@{go ﬁﬁ%@%attﬁgh%&

illustrated b'y stream prefera y |s conbi ano Iuted
stream 418 ¢ancémmratorad t® ribivnadcabaphatd sher efined 4ddohdlostbdane 2, Q@Hﬁ@h stream

421 is then directed to an OTO react or wher.ei.n the nethanol and
et hanol corfORIARISES P’f?ﬂtaﬁélaémﬁhﬁ’é‘d APRLA I%PIPWA&Z!’LeCﬂé'otﬁt QEP BHetlodr nore

nol ecul ar sjpve catal yst conpositions under conditions effective to form
et hyl ene and propyl ene, which are yielded therefromin |ight
ol ef i n- contf@l40]ng st ripannctRl. elnBa@Ren(T ke rpeasenti daventiodi isi dirscted tbhe

integrated synth unit 4 vary w del n one, enbodi nent t he
condi ti ons Rrﬂ?ﬁsﬁg%f fg Lﬁ?‘é)hgrc%{%‘ﬂkngf%@“ ‘%’%—\ Ecegmek anoh apd 5
t enper at ur &, Liafngy 4 @H%Hléhpg sﬁnm 209 fledbi8Ofor b OFB ehetic 'Sy sft&gdggas

conposi tion that I's directe e I ntegrated synthesis unit
optionally thmmmbodeselmbbmmemnnhlsaymb@mém ahydn@geﬂ}mthmmmuﬂm amilthe per cent

car bon npnoxi.d out nol ar rcent . car bgn .di oxi d nd 0, mol ar

per cent met gri’ic‘)hﬂi)lst“ﬂ@ S%B‘ﬂb‘??&%ﬁ#"@%ﬂﬁﬂe Sig ALy @‘Hﬁ'é#) élguch as
K2CO2/ CoMb aRhb1 gehadis! Aon&.0MUE falcohflecomuiting staued i phrtidiRkly 'é%ltﬁbl‘étfﬁﬁm' It
has 0 8 F Ig B 2007 WO 2085/ 051§7c§ PCT/ US2004/ 035&74 76 been found that even

at hi gh H2/eDin 2t OFE) rqahfeoraswm a’huhy@lp@eamb@hme(tmmby:re@at mvantieh
non- oxygenat unit 406 at .t hese

d) f h
condi tions § § %é%‘g%? ng)?PﬁanP ( 5 rat 6@‘1 es‘é’é‘iﬁ Sﬁte]@SEPIEPIESféSQC))
[0239] In thghdnbPsyniticshimit, §Yﬁ31|ﬁl%§h§l s?ﬁthé}ﬂé #RNand AMOTEEARAGK systqAcent r at or

416 is unnecessary, and the refined al cohol stream 424, which

[0241] In one embodiment, the invention is to a process for producing
light olefins. The process includes a step of providing an alcohol-containing
stream comprising methanol, ethanol, one or more C3 alcohols and one or more
C4 alcohols. At least a portion of the alcohol-containing stream contacts a
molecular sieve catalyst composition in a reaction zone under conditions effective

{ to form ethylene and propylene. Preferably, the ethylene and propylene are
vielded in an effluent stream having an ethylene to propylene weight ratio of
greater than 1.0. In terms of ranges, the ethylene to propylene weight ratio
preferably is from about 1.1 to about 2.5, and most preferably from about 1.2 to
about 1.5.
[0242] Optionally, the process further comprises a step of separating a
majority of the ethylene from a majority of the propylene to form an ethylene-
containing stream and a propylene-containing strearn. The ethylene-containing
stream optionally contacts a polymerization catalyst under conditions effective to

convert at least a portion of the ethylene contained therein to polyethylene,

Additionally or alternatively, the propylene-containing stream contacts a



conprises nethanol and ethanol, optionally is provided directly to OTO
reactor 422. [0240] In another enbodi nent, the present invention is
directed to a process for form ng an al cohol -containi ng stream {\@hy 2007
conpri ses wettwamotisand fuel al cohol, and which is suitalH@E/esoediesdst ock
for an OTO reaction system In this efibodi nent, the nmethanol is synthesized
in a methanol synthesis unit, and the fuel al cohol I s synthesized in a fuel

al cohol synt hesis_unit ,ch hol t hesj.s zone The

al cohol - cot 4y R Zé{%q[nrdéi&awt un%ezgrcton@gﬁé %fecggé £ %%Pﬁ‘pefrp?t I%%sgé'l Roﬁh% %TO
reaction sytﬁtggmpyTéﬂmnnameam@raﬁb@gmmﬂpyleﬁdje present invention is directed
to a systemfor producing light olefins, which system conprises a_ nethanol

synt hesi s U243l a f uelfh&aPrsESI OL%WHQIWWW% f sé@mogprqm@g aduetharelsyst em
" [02411 | t li ght
[ 4 One&allmggdﬁtr@ i qmﬁd)ggmgntﬂ? U diPho %r&x? gfhr% ﬁ J}?&]CQ%t% g 2? ng g

ol efins. ssInc ep of provi

stream Cor%hleaﬂnr@]ﬁmlsh@nﬁb cthabdlane!C3 ﬂetﬂm@anmmeecmlcmh@mﬂ& gombthigne or nore
" C4 al cohols. At |east portion of the al cohol-containing stream contacts a
nol ecul ar ghemﬂ@@phpwmnmﬁﬁé@ntan@Hleuﬁaelaaméa&ppammﬂﬂw@rm@rfowﬁh|¢ tions

effective for ngl and propyl ene. Preferably, the ethylene and
pr opyl ene alt] hO? g%ltg smglﬁ ef fl uent stream having an ethyl ene to propyl ene

vei ght rat i[omf] gr edrles predisecolnbsition of delcatolcangEng bieneayhane t o
propyl ene welg ratio preferably is fromabout 1.1 to about 2.5, and nost
pr ef er abl y spr loRg aAsothe Coilol”éontélﬁb’t&t stream) CTWAQ‘]S wsthasak stianol neppbcess

further §Hﬁsé‘39 aﬁoﬁ<§1§an9 gpfﬁso% (o] Iﬁo ol @] i’&éahﬁt ffe gxéqu?tc%ﬁm%;r om a

majorltyo e propylene to forman e ee- al ning stream
propyl ene- casirai cvnipgisss reeamanmewetghybemmtanaﬂmnmlg magtms:ﬂlyeb thphi gMal |y

contacts a polynerizati taI st un conditions effective to convert at
| east a poMtsigh Wrcqnﬁgiegl f ond Séd?ﬁnaf%fa@haegqeﬁ tmethaael s eméhe

- Addi tional Ly n I~ t tacts a O
6 FEB 1001 P?ﬂ%s}%%?%%%@%‘é%%% S N s S S S

under condlcbntannngfstream i @mlondhc@nmnsesafmmeabouia S@omt Porweight pheepr opyl ene
RRIR R EE R W P I N LS
providing ﬁréﬁﬁblﬁ'ﬁ%ﬁh%boﬁto 86aioNiaBgt 91 weight percent methanol, and most
” preferably about 88 weight percent-methanol, based on the total weight of the
alcohol-containing stream.
[0245] The alcohol-containing stream preferably comprises at least about
5 weight percent ethanol, more preferably at least about 10 weight percent ethanol
and most preferably about 12 weight percent ethanol, based on the total weight of
{ the alcohol-containing stream. In terms of ranges, the alcohol-containing stream
optionally comprises from about 6 to about 18 weight percent ethanol, preferably
from about 8 to about 16 weight percent ethancl, and most preferably from about
10 to about 14 weight percent ethanol, based on the total weight of the‘ alcohol-
containing stream.
[0246] The alcohol-containing stream optionally comprises less than 15,
preferably less than 10 and most preferably less than 5 weight percent C3
alcohols, based on the total weight of the alcohol-containing stream. In terms of
lower range limitations, the alcohol-containing stream optionally comprises more
than 1 weight percent, more than 2 weight percent or more than 4 weight percent

C3 alcohols, based on the total weight of the alcohol-containing stream. In terms



stream conprising the ethanol, the C3 al cohol and the C4 al cohol , and
combi ning the methanol -containing stream and the fuel alcohol - c@l&t%ﬂrﬁ]ﬁig
streamto formthe alcohol-containing stream [0244) The precise

conposi t i 3O 8P05REB72| cohol - contai ning stream may vary sBCTYSYPOHE3TAE

al cohol - contai ni ng stream conpri ses nmet’hanol , ethanol, one or nore C3

al cohol s and one or nore C4 alcohols. ldeally, the al cohol -cont ai ni ng

st ream CONQYfi gfses) ﬁﬁsalamc%{amgmeaaﬁbﬁwﬁmme&hﬁ%k  frORY iRl lvtd ess than
85 weight percent nethanol, or |less than 80 wei per cent net hanol, based

on the t otahbutig ‘ghlghblberﬂm, faoro ehowt-htat abiont fﬁgwgghfewmentnon fommbotit r anges,

wel ght per Gt DG et ST erBisr S “Rplir2BBE cBant sototmebsohlight
_percent et NaRel-cortlhRig shegher ably from about 86 to about 91 weight percent

met hanol , and nost preferably about 88 wei ght gercent met hanol , based on
the tot al W4t of tThs alaphodisontavong siredm @refera Jafn¢01{1101281f$] leFhéhan 5,

| cohol - cont t
Sercont ot MatBiPretfnRY B8 BhG A bR TS et B derceah Lt hanol
and nost prRLREIBPbAscABA e ﬂ&alv\ﬁélgﬁa of8E aRBkolflohanhg s'd?élérﬁd IR Rerhft€ost ot al

wei ght of the al cohol - cont ai ni n stream In ternms of ranges, the
al cohol - cotewrTengs Emitatiens, ﬂwtﬁil@ﬁ'@ﬂ +yniginmsritsen Oﬂatlgmlbjoogmpasqson@;t@out 18

wei ght pergent. e per cent
et hanol , %ba“r}g ‘EJP%HE#QF%@%%P?Q‘#’% %B}eatggé’%o B’Bﬁ%ﬂa@% %0 FW%E“% cent

et hanol , bagfaHe ahtat heidota theeil@hbl-obnthinmgadteamo! In eamiabhirigest Ram [ 0246]
The al cohol - cont ai ni ng streamoptionally conprises |ess than 15, preferably

| €éss than aigobglFontainng sissasm aptignally sempHass feorpabaph 0G5 e dhopt Eveightcohol s,
based on t ggrfénqtﬁl)?%b% g% aﬁc{ﬁ? 3%' \ﬁg gﬂ rﬁe?&m %&‘ ﬁjoﬁpab%tlft Mo albg { Ak of

| ower rang I ons alnrng streamoptionally corrprl ses
‘nmore t hanwblg?;epgiﬁbnﬂo@4 mmoisnbﬁsedtdmtmezomﬁemfght péﬂmeatoohdsl-mtmhgan .

wei ght percent al cohol s, based on the total ght of the
T Conol " comtelimi TG SRABHAL 1 5 G ralcohoL BRIE T bYoRlep balspataining

PCT/ U82004§tf§§1417r%fer:ft§)i 1é)f’roﬁlafﬂﬂﬁ§0 1%9%@5@@%%{199&%%&51&? 19 R AR | onal |y

conpri ses from-about about 27 wei ght percent 3to
about 20 \A&B@h:tahwtaé)nt, or from about 5 to about 13.3 wei ght percent C3

al cohol s, f?ﬁﬁ?jd on t ﬂxeant er emvt\)%dan nt, tine mventlon is to a process for producing
light olefins from syngas. In this process, the invention includes a step of
contacting a first syngas stream comprising carbon monoxide, carbon dioxide and
hydrogen with a methanol synthesis catalyst under first conditions effective to
form a methanol-containing stream cornprising methanol and water. A second
{ syngas stream comprising carbon monoxide, carbon dioxide and hydrogen
contacts a fuel alcohol synthesis catalyst under second conditions effective to
form a fuel alcohol-containing stream comprising ethanol, propanol and butanol.
The two above-described contacting steps preferably occur in parallel to one
another. At least a portion of the methanol-containing stream is combined with at
least a portion of the fuel alcohol-containing stream to form a combined streaﬁl.
At least a portion of the combined stream contacts a molecular sieve catalyst
composition in a reaction zone under third conditions effective to form ethylene
and propylene.
[0249] In this embodiment, the alcohol-containing stream optionally

comprises methanol, fuel alcoho! and water. Thus, the molecular sieve catalyst



al cohol - contai ning stream [0247] The al cohol -contai ning stream preferably
conprises less than 5, nore preferably |ess than 3 and nost pref(pgptkﬁygg} ess
t han 1wei ght percent C4 al cohols, based on the total weight of the

al cohol - coM@aNIHIFd8Btream In ternms of |ower range |im PETIUSAMH083GL

al cohol -contai ning streamoptionally cB®nprises nore than 10 wppm nore than
100 wppm or nore than 500 wppm C4 al cohols, based on the total weight of

t he al cohol - cont.ai ni ng,-st.ream. L.n_ter .ran he |.cohol,- cont ai ni ng
st r eam opt FBWBPP)%/‘IO%H%’?F&@ C?I}Vgr&%é‘%‘gedlgé ﬁ%ggﬁtooqgﬁ%stﬁl%be\g?lﬁﬁ? POIgé%cent , from
about 0.3 hQeaBRUEMIuD MWeWght inPBE aRdhol-cuntdine® eamt Do Indréassleadiorl. 7

wei ght percent C4 al cohols, based on the total weight of the
al cohol - conffiiencyghowsyercih i prafeaedriq reamole a weight wajosity ofithe wregliemy at i o of

the al cohol,- cont.ai:ni ng. .stream,pr.ef Ly, LS. f about 0..1. t o about 4.0,
and mor e pPESrAB PRI EAR RS SheE- thufi SRR ARESanteitirudaRe,

embodi nent corthé tHRVERIdcORr isfve @aAlRE 068HSsition unded uendiGond Efedtivel ©f i ns from
syngas. In this process, the invention includes a step of contacting a

first syngeenvert dhinaenholsi & dight Hefr moRess dbe Jeelvbroraingistran®  hydr ogen
w th a met hanol .Sy ' Lid I L tive to form
a met hanol ° 6%aé@nc:3%?%% ngg%&l%l(l)rx}%&ﬁt;é Megaﬁf;é{ggé%ﬁ@ag%dﬁm\ga{éx}efgr&:elgé%sg nd syngas
stream cOMHah$hBGt T g peRas 416 artlanfarprefietibl fRs@ tn HpeHOBL Wveiggnt act s a
fuel al cohol synthesis catalyst under second conditions effective to forma
fuel al conBfrc@BAY#HPIhI ng stream conprising ethanol, propanol and butanol .

The two ab escri acll f ' |lel to one
anot her. Aﬁ)\éﬁgﬂst a g%?taﬁgﬁélgﬁkka%n%fﬁ%ﬁ%} Sgclg%fgicmdr%gi:%# r ié(j;alsmﬂll%é%fzsorrbi ned
wth at - | eabén anqranide) mahankhendf hgdrogdnc ol161sog oimdnathel g cedsr praferilsiyf or m a
conbi ned stream | east .a portion of the cogbi ned, streamconfacts a

At
mol ecul ar ¥F Seateaﬂfg?m‘)\@ st ARQTHQR, PreTELabLy bW ek SaeTH ¥y o tﬁFrd
-condi t Onsliﬁ{tfeﬁﬁélﬁﬁﬁratﬂeépé rﬁwxmeglcoaeﬂccmtgﬁmg]%w 0249] In this

enbodi nent,” the al cohol -contai ning streamoptionally conprises nethanol,
fuel al con@RSHnd wat Br .onfhembodimentnof ethal presgitevventtrgl thet pfoc8ssFleB 2007 WO

2005/ 051872 P /U%OOM 03547 7%%@1(: ositions utilized Eo onvert
oxygenat es"PEHGHH meg?ainﬂ]_sa ety é‘gcf’ngof o) t{"BP&?SﬁP%P THPSAP AT §88Eint  of
Wat _er In t&%l?dt%ﬁiﬂosi@@ﬂtt@tﬁy lﬁ'@t%‘]éfﬁ@rﬁllsoTﬁroklﬂ@és%?lﬁ‘oﬂ 2386AHe. In this

embodiment, the carbon monoxide optionally is separated from the light olefins.

The separated carbon monoxide then may be directed to the methanol synthesis
zone and/or the fuel alcohol synthesis zone to provide a carbon monoxide source
for converting the syngas to methanol or for converting the syngas to fuel alcohol.
[0252] Similarly, in one embodiment of the present invention, the process
{ of converting the methanol and the fuel alcohol in the presence of a molecular
sieve catalyst composition to the light olefins also produces hydrogen. In this
embodiment, the hydrogen optionally is separated from the light olefins. The
separated hydrogen then may be directed to the methanol synthesis zone and/or to
the fuel alcohol synthesis zone to provide a hydrogen source for the step of
converting the syngas to methanol or for converting the syngas to fuel alcohol.
[0253] Optionally, the process further includes steps of forming the syngas
(e.g., one or both the first and the second syngas streams) from natural gas. For
example, the process optionally includes a step of contacting a natural gas stream

with oxygen under fourth conditions effective to convert the natural gas stream



efficiency, however, it is preferred to renove a weight majority of the
wat et from the al cohol -containing stream before the al cohols iﬂ‘gtfifﬁ Ny

al cohol -contai ning stream contact the nol ecul ar sieve catal yst Conmposition
under cond¥i288¥'5¢8%2ective to convert the al cohols to | PERIUSGHESHBFIGS Thus,
t he al cohol -containing stream optiona#y conprises |ess than about 3 weight
percent water, nore preferably | ess than about | weight percent water and

most pref enably h&8$ s sBORYt The %itha :sgllégas sRENE 8L YAt gﬁatécpt%S{%}mThe

al cohol -containing stream al so may i ncltude |ight enhds s as carbon

nmonoxi de, ried Aigsheyreaslstngatr agthe sécond eyngehgreaithe process preferably i ncl udes
rably a weight majority, of the

a step of r ing at_ | east a poytiaon, pref
| i ght ends [&m at | elﬁé’{’org‘e'b?}?l?? ; s t@ﬂ%vegﬁ%ﬁ&gﬂcﬂﬁ‘?f’ﬁ ChETEHIFEEm [ 02511
I'n one e”b%g'at’fﬁdﬂol ShixhBe stt?ci‘i@_%r L V%E'@Eﬂstdcﬂe%opﬁHCSﬁg hte fOPNER! I NG the

met hanol a e fuel alcohol in the presence of a nolecul ar sieve catalyst
conposi t i omedction bestéring bt thid ebbadimentstbe prveditioeinclvdssizo stepuriocantketing m t hi s
enbodi nent ,. t he carhon nonoxi.de o%gi onal | K | S separ,at ea frag} the |ight

ol efins. T BB AT CYPHEHDSSHEM FLomoRis: Fﬁafg 1 ie And YAEPsRe et hanol

synthesis yagng AoUa] dyAthebidClatdtl G Aber S¥ ERARMRNE OFedtiePlO¥HE a2 carbon
nonoxi de source for converting the syn.-as to nethanol or for converting

t he syngas methahoktordtinmigoitream] GaRisiry micthandlyandi watene Andmsdidrsmmgasf t he
present invention, the process of conver{ing t t hanol and the fuel

Dl conol 1 SR Gratnce SRPSE HRap Rt Abon gy e BT DESE SR £ U 1o t he
light ol ef hpshal smtRGERAUaREshYHIQISRond tohlitions RMBGELEERL forhe Bydr ogen
optionally is separated fromthe light olefins. The separated hydrogen then

mey be di r elspleadl-coutaimeg gecdrarompasing lsdwnel, popeneriadobutapol. t K I¢asek al cohol

synt hesi s zone t r ovj.de hydr.ogen source f.or.t st of onverting the

syngas to RERRSS PO LA B ShedRe Enpke vOR SLFRa L anGRR ¢F] 0259,

-Opti-onal | yinetlfigl NESRASEnthitiddEfcabe) fodh0Se SdaPised irdaah Tivheth fefesatlgas (€. 9.,

one or both the first and the second sgn as streans) fromnatural gas. For
&

exanmpl e, tha pmstkansl épG2onbialophphweighbsty of Epmabais-Acioi ahgub 4fat ural gas

gas ot 1 eark O LER g S MET o e Lab B HHE ol SR "0,

initial sysfigas 196 r eAnweighe majority adf thengater Siptieaailynizy rbmosepafomi atlet o form

e St s S A 8y S DR YRIES. *He"3T combined stream
preferably comprises less than 10 weight percent, preferably less than 5 weight
percent, and most preferably less than 2 weight percent water, based on the total
weight of the dry combined stream. This embodiment optionally includes a step
of directing the combined stream, or a portion thereof (either an aliquot or a non-

L aliquot portion), to an OTO reaction system.

[0255] In yet another embodiment, the invention is to a process for
producing light olefins from syngas. The invention includes a step of contacting a
first syngas stream comprising carbon monoxide, carbon dioxide and hydrogen
with a methanol synthesis catalyst under first conditions effective.to form a
methanol-containing streamn comprising methanol and water. A second syngas
stream comprising carbon monoxide, carbon dioxide and hydrogen contacts a fuel
alcohol synthesis catalyst under second conditions effective to form a fuel
alcohol-containing stream comprising ethanol, propanol and butanol. At least a

portion of the methanol-containing stream is combined with at least a portion of

the fuel alcohol-containing stream to form a combined streatm. At least a portion



[ 0254] In anot her enbodi nent, the invention is to a process for producing
an al cohol mixture suitable for use as a feedstock for an oxygen@g&EBdl
olefin reaction s%/st em In this enbodinment, the invention includes a step

of cont actYRGEMHPPst syngas stream conprising carbon nB&EUSAYH0EHhon

di oxi de and hydrogen wth a nethanol %‘ynt hesi s catal yst under first
conditions effective to forma nethanol-containing stream conprising

met hanol and thatcmbifed epennd coNac@sa nifldcRbin stvaativad ceapbdiiormmaxi de,
carbon di oxi de and hydrogen contacts a fuel alcohol synthesis catalyst
under secoReREGRAPYSIHRIMEST Hind; genditions FIRCHVY (o IcoMeee gho I meth#nodi Hieng st ream

conpri sing eﬁ{aﬁ)lgﬂ%%iogél?}pﬁ{éoﬂroﬁdﬁ%%g#% g@@%apﬁtﬂ% G@g ofto R (ilylgﬁns(.)f he

met hanol - cont arni rream’ s’ co ast a 'portron o t he fuel

al cohol - corfienit Ngreain eamidlded drom ahe qudution dsysieme awhiodhictine fstreadl y has a
met hanol to C2-C4 al cohol weight ratio of fromabout 0.1 to about, 4.0,
pr ef er abl y SPRgRSehehyiene and propylsaeand bas anethiisas 1 peersdens yeighbrtigbout 0. 5

to about %f?ron‘?‘al‘}&%tgfﬁ t&%ﬁ&%i@’d r?géfexfagl‘?rsf}‘% gpﬁnﬁ_ﬁlti ?6'?1){?1)% 3 ?{uglgiﬁ}séf‘td fromthe

conbi ned stréamto forma I ne he "dry conbin ream

pr ef er abl y pesieqablsfeemlabest L htmabbdt W8i ght percent, preferably | ess than 5

wei ght percent, and st prefer biﬂ% | ess than 2 wei ght percent water, based
on the tot#25%)ei ght Fuopglly.qthg @5 feald snfhesinzong § Bxdedaent aBptional |y

| ncl udes acelihe nRhdb SiHedd stimC MOGHRLREATINDE R iR fdhofladdier eof
(either an a |q%ot or a'non- aliquot portion), to an §'reacti on system
[ 0255] | n yeithemo tingr prefeladdy mentreplided witly dads cuitdibde t for aherfoeleslsolidlr

producing liaght olefins fromsyngas. The .inventjon includes a step of

cont act i ngsi‘élqg‘ﬁlsr s?‘%‘aﬂgﬁ@sﬂ?féﬁg‘?%ﬁﬁ?’ie&%é raefhann] lr?B‘f‘fB’_S?i ‘a&l,“d?:gr‘%o_n di oxi de
and hydr ogepohd iiirPbeRiAaNe |ﬂu§d/Béd%?§ﬂ_Lcﬁ1iti?r§i‘1taﬁ%' Y8 hltdthdRbell! 4 $dcofi@ BRIt 1 ONS
effective.. to forma nethanol-containing stream conprising nethanol and

-wat er: A salcolmal sypiigals ungit having & dnglralenhaly sovhdsisrzamnoxi He incompdyaeddi oxi de
and hydrogen contacts a.fuel alcohol thesi s. cat al yst under_second

condi t i ons™™&} ?&ﬁtﬁ@é’?f}gﬂ?&g}sr‘w Herdy &S%{Iﬁ%:ggt?g oﬂ:gﬁﬁéf’fﬁrﬁ'ﬁ;eg? I% iagih?‘iorrpri si ng
et hanol, prozsapol andid et Aetratebnd QasddirentRPkld e sett itdition wherein

nmet hanol -containing streamis conbined with at |east a {)orti on of the fuel

al cohol - cotbeanetharp! syntbess veit pperates it parplleidel tha fushslconpl padhssisainior t i on
00FED2007 40,807 SAIGEEGETUTRORABRERE ey, URPGEIN BRI,
thi rd condgdneationeirdfie60]. v addallyctheviedtiralt f& stRhmad@®l cohlpgises less than 5
weight percent, more preferably less than 1 weight percent, and most preferably
less than 0.01 weight percent sulfur-containing compounds, based on the total
weight of the natural gas stream 600. In the syngas gemneration unit 201, the
( natural gas in natural gas streafn 600 contacts oxygen under conditions effective to
convert the natural gas into syngas, which is yielded from the syngas generation
unit 601 in syngas stream 602. Generally, the production of syngas involves a
combustion reaction of natural gas, mostly methane and an oxygen source, e.g.,
air, into hydrogen, carbon monoxide and/or carbon dioxide. Syngas production
process are well known, and include conventional steam reforming, autothermal
reforming, or a combination thereof. Thus, syngas generation unit 601 may be a
steam reforming unit, a partial oxidation unit, an autothermal reforming unit,
and/or a combined reforming unit, e.g., a unit that combines two or more of these

reforming processes. Optionally, water from a water stream, not shown, is added

to the natural gas stream 600 or the syngas generation unit 601 in order to increase



et hanol, optionally the propanol and optionally the butanol to |ight
olefins. An effluent streamis yielded fromthe reaction system which

ef fluent stream, c ri ses ethylene and propyl ene and has _an eth D_@nFEEBt@W
propyl ene \X&%}Pﬁ’"’r‘iﬂoo of from about 0.9 to about 3.0, prpgi'”éjrsé?ﬂ"z}/""r*?bm about
1.1 to about 2.5, and nost preferably ¥rom about 1.2 to about 1.5. [ 02561
Optionally, the fuel alcohol synthesis zone is made part of an existing

met hanol sytht vesérsconieat efnand prdférnblyeatuae e hatutah gadsectan 600.h&aehhanol

synthesis unit preferably e. replaced w th beds itable for the, fuel
al cohol sy%ﬂsﬁgféf’@.é%@éﬁ’@PB?adyb‘éﬁg‘HgW@ Pﬁ‘ﬁfob%‘l‘ra?efsii@oa“b’étf thetpetheds r eact or s
i ncl ude fue(?esm%éao‘;gg{,e grkt%’lrréfl)ére%n?& Fqg_ldl’_or fluid beds. Additionally or

a

alternatively, a secon ue coh synthesis unit having a fuel alcohol
synt hesi s Z0288]can beSyngeorpeamt &d2- ideatlp & membemssdd dynbiresos myst em  as
descri bed below with reference, to, Figs. 6-7 02571 Fig. 6 illustrates one
enbodi nent SOMRERSOLSr BASHOWRA FXh1S; ‘B‘ﬁ‘dgié‘}t%ianﬁmt ‘i[lFéwr‘?'BY‘hWS sReRedds uni t

operates i ngas akllg H&Gaﬁ%efégﬁ%asakt?&ﬂ{)'mwnb%éﬁaally“%é sy ghong @

nat ural gas stream 600 conpri g natural gas’iIs fecte 0 a syngas
gener at i on denivetivg0 §yngaslestteay, 60dhesnedmpressedas provelemdesl poassprizgies | ess t han

5 weight percent, . e preferably lesgs than 1 i,ght percent, and nost
preferably® P@Q@T’f?ﬁn&éb‘?’@@a@is tlhgfiéfr g‘éﬁi‘“ qucﬁﬁé‘g‘ﬁYaﬁpﬁﬁﬁtgaécﬁ?ﬁ%nds, based
on the totgps yricdMly &f cdifrefidl Ub3roBas iddal pAEEPAtion RhifteFihgArgener at i on
unit 201, the "natural gas in natural gas stream 600 contacts oxygen under

condi t i ons cefifersivi ihereof te dnslealcoltdieinnfiteliraidohgl synthests spitge3q. whirsth i s

yi el ded from.t he syngas generation unit 601 in.syngas,stream 602.

Caneral |y, EHAEOHBEE HERE Dpndhe Phvor Joaebt iSRBREL6re RERBRRYn o
natural gagyntABsd it eI aereadhan ORI fif:0 WefiQativ> Syngas &tFeand Ho@ hydrogen,

car bon nonoxi de and/or carbon di oxi de. Syngas  production process are well
-known - and comrtests demebavad nynthesip catabysirupddroronilitigns glfedivectoneanvertether mi ng, or

a conbinatio r us n nerai i on_unit.60. b t eam
reform ng ﬁ\ﬁrllngt ) f}g rglgtfrhfnl:[ $all g)??%agll%glﬁgﬁln?ﬁﬁéasﬁs %@oé%e%#ﬁ&%e?%?h%nﬁg unit,
and/ or a cosihingg stehor 60T)ovhich bptiendly, cotnpHied lightaénde onfethansl, twaeQr nore of
these reform ng processes, Optionally, water froma water stream not

shown, is awiguchelt Aptanally arogisthssEramtiaoe be cOmpoRSHtyERNIGEISEARL i on unit
601 in ordgfouh Qo MniHRRE HERRAP0 the }@Qﬂ%QQééo}&aﬁgiﬁé%n%ﬂ/ %?Q@ﬂfegé§47l 82

e {
the water content o?, a‘ﬁds preferébﬁ]y saturate, nat ur gas stream 600.
Nat ural  with a caustic medium, not shown, in a caustic wash unit, not shown, under

conditions effective to increase the pH of the methanol-containing stream 607.
[0259] Meanwhile, second derivative syngas stream 603, or a portion
thereof, is directed to fuel alcohol synthesis unit 606, wherein the syngas in the
second derivative syngas stream 603 contacts a fuel alcohol synthesis catalyst
composition under conditions effective to form fuel alcohol, e.g., C2-C4 alcohols,
which is yielded from the fuel alcohol synthesis unit 606 in fuel alcohol-
containing stream 608. Additionally, fuel alcohol-containing stream 608
optionally comprises methanol, light ends, water, and fusel oil. As with methanol-
containing stream 607, fuel alcohol-containing stream 608 optionally is treated in
a caustic wash unit, not shown, to increase the pH thereof. Asshown in Fig. 6, the
methanol-containing stream 607 is combined with the fuel alcohol-containing
stream 608 to form combined alcohol-containing stream 609.

[0260] Combined alcohol-containing stream 609 preferably is directed to a

separation zone, which comprises a light ends separation unit 610, such as a



gas stream 600 optionally is desulfurized and/or saturated by agyy gé gw
met hods described above with reference to Fig. 1. [0258] Synga BrkR 602

ideally i re d in one or nore conpressors, not s i s divided
into a fi ?’%‘?9%4"@82 ive syngas streamy04 and a second Egﬂi{%@lﬂgéﬂzfmgas
stream 603. Optionally, the syngas in first derivative syngas stream 604 is
conpressed to provide ideal pressurization characteristics for nethanol

synt hesi s. t@ipihg edllinn, arcortinthgrdoliaid §13. shnhasighttendaspatididnaptit 6N@! |y is
conpressed to_provide ideal pressurization characteristics for conversion

thereof toCPudHiony e§télectiye ?qrj%qpararfc@ﬁ&O}Wrﬁw@l-mtﬁmemﬁm $09
dert vat 1 ve iRy 108Pertl G2 Bbf andlotrnRUdBILAAR G101 . 15 diTected 1o a

met hanol  Synthresi’s un erein e syngas in first derivative syngas
st ream 604 [026d)t act s Aa lemet Hpodion 9 tightesids sttana by b prefrdisly i aod:-lddans
effective to convert the syngas to nethanol. Thus, nethanol synthesis unit
605 yi el ds OB PB{EH OF thecyneas BrnsEtisn MaiAldothe Wmpthanel syrtheHa Mt 6¢hpri ses

light ends,, Bt hanglk amaﬁﬁrsgnth@ﬁg ufnﬂgagisi gAL %ﬁﬁj | %24 Rbd How Bt €

separation of the conmponents contain anol - cont i ni ng stream 607,
t he et hanelhiciontregulated) by tflomacord®dr dewct 6&8htearhiesvighh eadschomatlightraadisum  not

shown, in a caustjc wash unit, not shown, .under condjtions effective to
i ncrease tﬁéea&_ﬂ-lgyf 10 i OFERE AbThes S %F@H%"ﬂﬁ’e%ﬁaﬁbgﬁ C%%‘_S]e lk@énV\hi | e,
second der Lyfl f¥4 M&ﬁ@4%rtﬁ@@}1@é&§égeﬂéraﬁmp9ﬁﬁ'6@ﬂ Stiﬁﬁﬁr;?ﬁfstrehﬁl ghsected to

fuel al cohol synthesis unit 6067 Wherein the syngas In e second
deri vat i vecayiag dight tandafr@0 3stwomt 424 soatheublel allecubbblsysthatihasiit @M al yst

conposi tiop..under condjtions effective to formfuel al cohol, e.g.., C2-C4
cohol 5. LIl R e e gt e Forb ceaft SR o Ly FrsiERl suiiinos 1 t uel
al cohol - cait b5 Mhe FlotweaMnAiint AR thiduaR thase VaHBhs &ke@ﬂﬁcﬂdﬁi@»ﬁﬁil?ii@! ng stream
608 optionally conprises nethanol, |ight ends, water, and fusel oil. As

Wi t h net haesitrolled mizaflaw agptealidevines@2, 682 end 68 boAsishewmtapationy ofttheam 608
optionally is treated in caustic wa unit, not shown, to ingcrease the pH
Cher et AeorSpREIR tesel 63 SOV {ehuol AT s ot sy T s slhrRtbEr o conti ned
with the fygd flghveabal wﬁi@ﬁtcaiﬂgbﬂ@ts &t raaeveddforh ¢hd SEMCETDUARGtream

al cohol - cont ai ni ngl(b{‘s_t ream 609. [0260] Conbj ned al cohol -contai ni ng stream 609

pr ef er abl y63&optionaldy sgontwolied Wapawaenisel devise 63@hi ch conprises a light ends
separationgghf 610, pSYED G5 AERERRO AoV RO IRBA 2ufiE 6 1eP 240 035474
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functions as a caustic wash unit. As shown, a caustic stream 635 is introdutced to

the light ends separation unit 610 under conditions effective to increase the pH of
the combined alcohol-containing stream 609 after it has been introduced therein.
Thus, bottoms alcohol stream 612 may include caustic salts from caustic stream
635. .

[0263] As shown, bottoms alcohol stream 612 is directed to refining
column 613, wherein water and optionally fusel oil, not shown, are separated from
the methanol and fuel alcohol contained in bottoms alcohol stream 612. Thus,
bottoms alcohol stream 612 is separated into a water-containing stream 615, a
fusel oil stream, not shown, and a refined alcohol stream 614. Water-containing
stream 615 preferably contains a weight majority of the caustic salts that were
contained in bottoms alcoho] stream 612.

[0264] Refined alcohol stream 614, which comprises largely methanol and
fuel alcohol, 1s then directed to an OTO reactor 622 wherein the methanol ard fuel

alcohol contained in the refined alcohol stream 614 contact one or more mol ecular



toppi ng colum, and a refining colum 613. In the |light ends separation unit
610, conditions are effective to separate the conbi ned al cohol - ﬁ}C@}@ ﬂihfg
stream 609 into light ends stream 611 and bottons al cohol strea 1

[0261] At WERWSE5I8BY ti on of |ight ends stream 611 pref ermbivysiosssneyucl ed to
one or nore of the syngas generation uf#t 601, the methanol synthesis unit
605, and/or the fuel alcohol synthesis unit 606. As shown, stream 624, the
flowof = Whieeh dafall@OUAMRHiN LARY CABNLA! ARUIRCIP Tt CAILES dhhoht ends
fromlight ends ream to one or nore o §sé units, peC| Ically,
stream 627 pc@yﬂaneswhhh aré glelded divas tHer OO stacea iz 24 ligle didfmsspntgdisingener ati on
unit 601. Siml # stream 625 carries light ends fromstream 624 to the
fuel al cohéﬁ"e@?%& esis unit 606. Likew se, stream 626 carries |ight ends
from streag@ﬁ%ﬁ L0 Uty R MARales SNIe Skishoditlbdt 6P he HRh MWedliohhe 11 gt
ends throu these varTous streans optional y I's control Vi a-

cont r ol - dewihemn &B@ﬁﬂﬂaﬂdwﬁﬁd:smﬁmnsm& fiel aioohalcsynthésmmm areertpamdnt s in

stream 624 _can, be ved fro e systemvia purg eam he fl ow
rate at mmﬁﬂ%mﬁéﬁgﬁ% “hP"éa]ﬁn%ng:\}%dy FrSB‘Pﬁt%%@H}é?’élﬁl YFiE ﬁug isseieam 628
opti onal | yaﬂ)cﬁzec‘ﬂf}} Bﬁhélgg YifRrdrc0We Hfaplthedgﬁﬂb&ﬁ @ﬁpdxs{;lgg&z]n Eﬁ%s s caust i c

enbodi ment, the nds separation unit 610 also function
wash unit. uﬁ;stemhmiwan eﬂlamahsmtlmemtm'em%ﬁ ths embodiostntdidclbsed inl&gl 7 ght ends

separation, unit 610 nd| ians effective to increase the t he
conbi ned a H‘BFmE&n@gfﬁ §W ﬁﬂ?ﬁ‘@’é@?téﬁ Si?’f’wﬁ’a%a%r@gﬁasi %ﬁeﬁga%%d t herei n.
Thus, bot t&ﬁﬁpﬁéﬂcomhraﬁt B ANdRLee Y o fabideefetitvh! wiS #0T SrbfdmiGausti ¢
stream 635. [0263] As shown, bottons al cohol stream 612 is directed to
refining nmumhga%lﬁsonmmdeﬁommasem syngasaitriermin 412} yS)frxgs&agermrauonnmmt shown, are
separ at ed n and fuel. al.cohol contained,in bottons al cohol
tFoam o12/0MTRbOTA TP £ B SRl BT F PR Apadtn,

wat er -cont Ajkthéehad tré RARIHEL Bnit, dandidtS£ koMbined réMARIngN@Hit, TO un@nthad refi ned
al cohol stream 614. Water-containing stream 615 prefer “abl y contains a’

wei ght mmaj mnhu}esdwomﬁéwa%theée sefpring processes- eAs gbritcanatul B3 $ittamons al cohol
stream 61 [ R I r, | argely

met hanol 27 (9 &ﬁg@}ally -&ﬁq,te%i \%ﬂ?ﬁiéfﬁé% Ir%g’c %ﬁp om{l&%arg}gé%t ryngﬁ wher ei n
the met hargeheraﬁdn imﬂl701al et seeith JOD eferablyhie diretied @dl aadoapredsict r eam 614

contact one or nore nolecular 0 8 F ES 2007 WD 2005/ 051872 PCT/ US2004/ 035474
zone, not shown, wherein the syngas stream 702 15 compressed to a pressure

favorable for conversion thereof to methanol. After compression, syngas stream
702 is directed to methanol synthesis unit 705 for conversion thereof to methanol.
In the methanol synthesis unit, the syngas stream 702 contacts one or more
methanol synthesis catalysts under conditions effective to convert at least a
portion of the syngas to crude methanol, which is yielcied from the methanol
synthesis unit via methanol-containing stream 707. Optionally, unreacted syngas
from methanol synthesis unit 705 is recycled to the compression zone.

[0266] Methanol-containing stream - 707, which is yielded from the
methanol synthesis unit 705, preferably comprises light ends, methanol, water and
fusel oil. As shown, at least a portion of methanol-containing stream 707 is
directed to a fuel alcohol synthesis unit 700, which preferably compnses a fuel
alcohol synthesis zone. In the fuel alcohol synthesis unit 706, at least a portion of
the methanol-containing stream 707 contacts carbon monoxide, preferably
hydrogen, and optionally carbon dioxide in the presence of one or more fuel

alcohol synthesis catalysts under conditions effective to form fuel alcohol. The



84 sieve catal yst conpositions under conditions effective to form ethyl ene
and propylene, which are yielded fromthe OTO reactor 622 in |light ol efins
contai nin st{;_eﬁ.%%& [02651 Fig. 7 illustrates another enbodi ne8fEBRIN he
present i nYQPPB 8lherei n the methanol_synthesis unit af@WHRWBFT cohol
synthesis unit are situated in seri es®ather than in parallel. Fig. 7 is
substantially simlar to Fig. 3, discussed above, the principal difference
bei ng t hat fitdhalceibDfbiretin Hies slosis eyithests it D6 ik FRldzarhdsfran vf fuahol
synthesis unit 306 and the enbodi nent disclosed in Fig. 7 inplenments a fuel
al cohol sy#cabal-econigipingrgeamA§8shown, natural gas stream 700 conpri sing
nat ur al ga@)z'eﬁgd' recys, eh&ng o%%@%ﬁn%{ﬂcﬁﬁ@ﬁs’ %ztﬂg'ééled@clc%ﬁgtqis 4 jpe natural
gas is converted to syngas rn syngas stream : ngas generation unit 701
opti onal | ytheofilel iaf@moR sghithesi Lef 06] aly dind bortidanpel thee ahet@xndl ahatoagini t, an
aut ot hennal reformng unit, and/or a_conbined reformng unit, e.g., a unit

that conbinteduesth iwp ﬂiﬁrfaebﬁicﬂh@s%mﬂ'@ﬂérwtn@oﬁ)ﬂ%/e%%_@QI.WQ@d;aFBo@é], nat ur al
gas streamy f0Q opld anal hag LS %c?d{c)lﬁ'fgﬁ% p‘le%&f ShveltioR" to! %9 ugon

n
introduction into syngas genera ngas stre preferably

i s directeglcblolaontifihgSsicam (A ompiists Sothiictivinel @and fubk akywhglas St ream 702
is conpressed to a pressure favorable faqr, conversion thereof to. nethanol.

After conpP@8sp 6f thexgtaroldrom methapobeqniaiging seary 7P openedly Slypasset hesi s uni t
705 for c i f-(ag% (o) M. is unit, the
syngas st?@éﬁrﬁ[‘%@‘qt’:‘%‘ﬂ? g}é gs%ne or@’arr%r%lowr]%e h%ﬁ%%zg?’:mgggglséfgts under
condi t i onswhichegt controlled dgnflewt coatrol dasite d36.poldehlby) f shoha ByR@ap, to crude

met hanol , which is yielded fromthe net E?ngl synthesis unit via
met hanol - COmMass #sag 43 1 sdrrombinedyyith dped aispholyspiaining giredm 4938 Priey ¥m net hanol

synthesi s i furtRcrch HREUS! S8 U LURARAPLERSEAYARNE! of (200danie

Met hanol - contai ni ng stream s ylre romthe nethanol
synt hesi s -aomponéfits thaefbar abl y conprises |ight ends, nethanol, water and

fusel oil. shown, at | east ortjon aqf. nethanol-contajning stream 707 1's
di rect ed tlgégg]f uel aﬁécﬁ#&wns%ﬁ?ﬂz‘?ﬁlgi’ﬁﬂﬂt%‘m?éémf?ﬁi GF, pYhish cOBPYSSonpri ses a

fuel al Cq{i&hmﬂp?ﬁ??%ghapwer,'q@f &fs! 4 fuddl %Hhé’lntx%)?i{i'ée'a%{osiiaég}%ﬁdﬂoa at

| east a portion o nmet hanol™- contai ning stream 707 contacts carbon
nmonoxi de, sepsmheemhbingt 7Hy driodegh cadsl segaratmmatnity 7¢Qyr thenlighit caidsién ifuelt he
R ML AT T NE TN EE N ML
therein. Specifically, in light ends separation unit 710, the fuel alcohol-containing
stream 708 1s subjected to conditions effective to form light ends stream 711 and
bottoms alcohol stream 712. Light ends stream 711 preferably comprises a weight
majority of the light ends that were contained in ethanol-containing stream 708,
{ while the bottoms alcohol stream 712 comprises a weight majority of the
methanol, fuel alcohol, water and fusel oil present in the fuel alcohol-containing
stream 708.
[0269] Preferably, a portion of light ends stream 711 is directed through
stream 724 to one or more of the syngas generation unit 701, the methanol
synthesis unit 705, and/or the fuel alcohol synthesis unit 706, As illusirated,
stream 724 is directed to the syngas generation unit 701 via stream 727, to the
methanol synthesis unit 705 via stream 726, and to the fuel alcohol synthesis unit
706 via stream 725. The flow rate at which the light ends stream 711, or a portion
thereof, is directed to these units may be varied by flow control devices 729, 731,

732, and/or 733. Preferably, a portion of the light ends are purged from the



WD 2005/ 051872 PCT/ US2004/ 035474 85 fuel alcohol fornmed in fuel alcohol
synthesis unit 706 is yielded therefromvia fuel alcohol-containypggggtygam
708. [0267&@9@@;@]@9 on reaction conditions and the specific catalyst used
in the fudl” a'dohol “synt hesis unit 70% all or a portionfO¥UsNEH S Hanol
that was introduced into the fuel alc Flol synthesis unit 706 may be
converted to fuel alcohol. As it is desirable according to the present

i nventi on wgstpmoxia gerganireah ¢28)dhe flowtodiwiiicigmay be aonttolied by Gloprdoatelbot h

met hanol and fuel al cohol, a portion of the methanol from

met hanol -céﬁY‘&P%ﬁHg stream 707 optionally bypasses the fuel al cohol

synt hesi s 3441706, - - ichis

controll edlfgzy.mfll ow cgﬁs‘t ﬁlof%\éﬁg\t}?lRS ggéfg%%f exﬁ%iegeﬁﬁ???@%gmi Rg%zbﬁ%ﬁ%l&galé.’\@ bypass

st r eam 737 fuugctioas asrbicaestic wiash ufittie A sashowh ot austiinstedami 73§ i1s imtwdoeedQ@tgri or to

the introduction thereof into the separation zqone for renoval af undesirable

- conponent §8 hesdsrSepation yue a0 ydeg J‘,“)l?stfgfeméY‘?:BHW@"éBﬁeali’a[ﬁiogél"%t ream 708,

Whi ch compgLRESs a[@%hblaél%hm flael aabcohml boﬂ@ﬂl?%ﬂcohbl%ﬂ%ﬂﬁ@‘ﬁ’oi?gﬂﬁ’alg%se] oil is
S 0. Inlight ends s

introduced 1nto 1 ght en separation unit 7 [ aration
unit 710, tephiseghtausticdslts m dddifion & etivhel dndl ailavhelg water @adnfik@B oAl e

separated from the other caonponents_ containe t her.ei n. ecifically, in

i ght endsAéeS?aP”ag PB‘&HOT%P&%@WHJ@&& I%?P‘g?gHBﬁU&?BWP&iCHE’E@“ 784 B 708" s
subj ect ed [ on SN hO RGP TbREIEY drGinf OTM, h&iHin® BEmA 171830 Pefalds @O bottons
al cohol stream 712. Light ends stream 711 preferably conpri'ses a wei ght

maj ority ofepate theghattoprsdacdhiobstrevmy @12 dntb ai reéided nlcetioh amedm Fddtaaidna ng st ream

708, while the bottons alc | ,stream 712 conprises a Lght majority of
(e’ ot haWBIeT-SPURIEH BBl T ek BITaig Y ACEFOBRPIgeEeRRY 1§ JOrRESFic

al cohol - coptidit Aehjory 08 B WAlS: thhi0RE 0 re iR ietha oMem@albetdl s@Bar 7101 ght  ends
stream 711 is directed through stream 724 to one or nore of the syngas

gerier at i onSumilarty7 gafinedacofiet Heaanl 714 praferablyscammprises7 @ 5/eight dnaerityhef f uel

al cohol synt hesi Lt 7 il]ustrate str 724 i i rected to the
syngas gentzlf g?té%noﬁ%ﬁ ﬁ'fg%C?/@ CSP%”‘&?%@%?%O?% aicﬁga%ﬁghgl ?‘Jse sis unit
705 vi a stgdafin7218, optivhallp aldeefontiela sideodiaty sthtabl)@dt Showh, twhet@y \d @ stream
725. The flow rate at which the light ends stream 711, or a portion

t hereof , iweight ety obtherfassd oll thatsvasespntpansgin etomy alcphnl stermn 12 devi ces
729, 731, 7r?%ne)vé‘cf'fi‘(ef’c‘;&i*oﬁ’?f3Regﬁ&{ gfcg%lystre%np?ﬁ,'\Qtﬂchoéorﬁﬂ}?seg 'n%%an%'i,ds are

purged from
ethanol, and optionally C3-C4 or higher alcohols, may then be directed to an OTO

reactor 722, wherein the methanol and ethanol (as well as the optional C3-C4 or
higher alcohols) contained therein are converted to light olefins, which are yielded

from the OTO reactor 722 via light olefins containing stream 723,

H. CONTROLIING THE RATIO OF ETHYLENE TO PROPYLENE
FORMED IN AN OTO REACTION SYSTEM

[6271] It has been discovered that ethanol has a selectivity for ethylene
under OTO and ETO reaction conditions, which approaches 100 weight percent.
Methanol, in contrast, produces ethylene and propylene in generally equal
amounts under OTO and ETO reaction conditions. By increasing the amount of
ethanol, e.g., from a fuel alcohol-containing stream, contained in an OTQ
feedstock, the amount of ethylene produced in the OTO reaction system relative to

propylene can be advantageously increased.
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728, the flow of which may be controlled by flow control devi def ¥B®200f 02701

As indi cat gg, HeQ¥Es74 1 ght ends separation unit 710 optio {/
functions as a caustic wash unit. As shewn, caustic strezlifan"L égﬁlﬁ(%"ﬁf‘roduced
into light ends separation unit 710 under conditions effective to increase

the pH of the bottons al cohol stream 712. As a result, bottons al cohol
stream 712 [epTdjonal | yIn mmnmpb&eu‘f tbaurstentors dlid mtio rofasthylenoto pmpyknbanol , fuel

al cohol , ter and f oi l. , botto al cohol. stream 712 i s
i Tonten 1 Jomned wt CEI STAGHan SAEATR Gp BF SRS By NrOng e o BF ned
therein. ThuShadogtd Ethagolctﬁatqg@mﬁﬂeétwgtr@&uws g%ﬂa@@stlﬁdfc%d hpgyons al cohol

stream 712 into a refined al cohol stream 714 and a water-containl ng stream
715. Pref emadthanol mhe«rﬁsctmnethyhanmgnd;prcm@zlm? 15 rdaimely sqsal amewitgit amaj ority of

th t t . t th tt hol - Si I ly,
ot i nod al GORSFEETRBLRSHT. Ml Enah T Sb U NGRS oriX  of - 1 e
met hanol apgh,jtugl (At CRitRint %@r&mwoﬁt&n@@&ﬁ QTEOPOC RRRAktodE i Mrdakeg Ref i ni ng

colum 713 optionally also forns a side draw stream not shown, ereby a
wei ght naj oeletive tofmcthalcﬂu@elamuht dfletttyleve prasionedainribel GTO tnatummyssdm:ohol
stream 712 bs r enove, refrom cohol str 14, which

conpri ses KBt AAAGTSS: amayng o ?ﬁfl?ygﬂ’ﬁlr?k?tlt%tocﬁm&?" RERCL IR 8ol s, may
then be di pags gdctidn aybtéﬁ{ dembeﬂ% édbe éMﬂ?rbEéd“b& BEntid iR NR! radf dr et hanol

(as well as the optional - gher al cohol’s) contained therein are
converted trsthanghio ashasol n@tmmnﬁhaﬂg@feedm fromthe OTO reactor 722 via

i ght ol ef| ont ai Tl O THYLENE TO
pravLEne TEREED TN TR b EBe P pettpatl F%‘ﬂl Sontbed ihe 0T L over e
that ethan@edfigsk sarbBé e6htkolictiyb @ﬁmﬁtﬁﬁf%ﬁﬁ Wan@f@@ﬂfé iater4t&aCt i on -
condi tions, which approaches 100 wei ght percent. Mthanol, in contrast,

pr oduces eﬁmﬁéﬂm%lﬁo@ﬂh@@ yathgaus ) fhyt @qﬁfalaratarﬁnmﬂbe whsel OTO. and .
ETO reacti Ont%e?@%ﬁf W 0@/ ! A6Le C@oﬁ{/ At E%e\%gé)uﬂﬁéfg go no%ni(ol %E‘%e af roma

fuel al condl-Eontar ni ng s eam arned rn an nmount
of et hyl enflowrsfduegdndinfrommethOhtkthedd tsynhesy ahie rmdethatmn/cﬁmt of efa@ply| ene can
be advanta gr?lut?lleyetilgxforl es?nslteflgms OuiilllztEt%%to (1)s7d1rected to the OTO reaction system .
Addmonally or alternatively, the amount and/or type of catalyst in the ethanol
synthesis unit and/or the methanol synthesis unit can be varied to control ratio of
the alcohols formed therein. If the integrated system includes a single integrated
synthesis unit, which forms both the methanol and ethanol, then the weight ratio
of the methanol synthesis catalyst to the ethanol synthesis catalyst (e.g.,
{ homologation or fuel alcohol synthesis catalyst) contained in the integrated
synthesis unit can be controlled to provide a desired methanol to ethanol weight
ratio.
[0274] Additionally or altematively, the reaction conditions in the ethanol
synthesis unit, e.g., temperature, can be varied to control ratio of the ethanol
formed therein. Generally, an increase in reaction temperature in an ethanol
synthesis unit, within reason, increases the amount of ethanol formed in the
ethanol synthesis unit.
[0275] Thus, in one aspect of the invention, the ratio of ethylene to
propylene formed in an OTO reaction system can be controlled by varying the

reaction temperature in an ethanol synthesis unit, which, in cooperation with a
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the ratio of ethylene to propylene fornmed in an OTO reaction qyﬂ:ggn@xn be
controlleda@; ?\;arox' ? the ratio of the nethanol to ethangl that |‘_£ t to
the OTO redt?*Bh s&f? em As indicated ghove, nethanol coRCEUSEHEMThy| ene
and propylene in relatively equal anmounts in an OTO reaction system while
et hanol converts alnost entirely to ethylene. As a result, as the anount of
et hanol conbakingd]! synthesiOi,f prodades ake ifscdstack das dee OTe) adactien tsgsteit hanol |

t he amount of ethylene produced in the OTO reaction systemw || increase.
Thus, the adB#né> dt TGRS Bhiher spgioniempeyais g pe seanel siwthesis wy Wibiro

reaction sy gi=Tel I i | ed. ong:§;04 1] e ratio of
met hanol toﬁltec a%g?{@cont a?lr@dé(qlﬁ%% h@ﬁ%%%n{’dél{ea ’s'(tEl ggﬁ%felﬁb%glinﬁ%&mé@ght ratio
of met hanol amoustidf@tileneaindtas foeded in the 0T Dreatw@dsisteok Inahisheanmentieol | ed by a
vari ety of ways. For exanple, if the int eg{at d system conprises a nethanol
synt hesi s uAmPuRtneh clhylege gelative to muppiens rmsdop ak (Hihasackiopvstem: hen one

R T e

fromthe nethano esl s uni he et hanol
synt hesi s ugthénd] badthésss whit.ected to the OTO reaction system. Additionally

or alternatjvely, the nt. and/ qr. type of catalyst in the ethanal

synt hesi s ul®2t6 nd/orTgﬂghepﬁl&m)I111%%?%e§‘Fsmlﬁ’i’i°P¥13%rbe@mP§Fq“€8 ag control
ti f ot i LAt t : j | ud

ratio o Qfiardl 39&9&%1‘1 N BRe Ej)%}ﬁl'éﬁ{:,ﬁthaﬁél . %Jrﬂﬁze'si@ S?ﬁéﬁ]@#i% ﬁ% Egﬁ}aﬁdic udes a

single integrated synthesis unit, IC nms bo and
et hanol , t hemthekis zape.ght the &thanol gyihtltehis zowe hfithel etisapnt hehesiscystainydie t o t he

hanol hesi .., .h j fuel . al cohal hesi
catal'yst) GUREHG B RIS Heroh i e 08 JHEHIErs Whaek T Beo@i i ol | ed ©o
provide a dggid @gideRY haROheldo cEiRAR0L WRkGRnatdlR2500 WO274heAdgdidional Iy or

alternatively, the reaction conditions in the ethanol synthesis unit, e.g.,
“tenper at ur dmplementted rathicedtharwl cynthesis systern ovast carhprised RdiGICOfwifided t her ei n.

Ge Iy, i in react] ' t | t hesi
ani i ¢ hi PR et abedS BEabAE TRl 1 rlatil SEMREE M ot hanol
synt hesi s URhipristP3f@kthifdls CO, An@PE iR E0RE frRfiohdSr 0. IE BI436Nand dif34,at i o of

ethylene to propylene formed in_an OTO reacti on system can be controlled by
varyi ng t haespeetinaly.onfheesthenad tayptiesip sysiemt opaiged 9y parrdls] o anmethanghi ch, in

cooperati Onsy}{\ﬁmgﬁs finit, as described above with reference to Fig. 2.

Table I1: Ethanol Production as a Function of Temperature

Reaction Temperature Weight Percent Ethanol
( “F(°C) in OTO Feedstock
450 (232) 57
500 (260) 7.7
550 (288) 9.8
[0277] The data in Table II clearly confirms that as temperature is

increased in an ethanol synthesis zone, the amount of ethanol formed therein
increases,

[0278] Reverting to Fig. 2, the weight ratio of methanol to ethanol formed
in combined alcohol stream 221 can be controlled by varying the amount of
methanol synthesis catalyst in methanol synthesis unit 205 and/or by varying the
amount of ethano! synthesis catalyst in ethanol synthesis unit 206. Additionally or

alternatively, the weight ratio of methanol to ethanol formed in combined alcohol
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produces the feedstock for the OTO reaction system That is, an ih8FERI®?I n

the reacti wﬂt SBHDR fl,gal,tzure of an ethanol synthesis unit wl ],Cplugﬁﬁ,gﬁﬁg., he

ampunt of &t Ranol ormed, which, ultimgely, wll increase anoun
ethylene that is formed in the OTO reaction system In this manner, the
anount of ethylene relative to propylene forned in an OTO reacti on system

advant ageou§ir9ama#? Inganclm eprirofled Wy""éb'ﬁgrtbF Iflowgy of ﬁ@&aé%tﬂfﬁrﬂeﬂé‘hﬁb‘é’f ature of
the ethanol m?yﬁtslﬂ%ﬁhsmﬂ%ﬁn s gﬁg %gxll%ﬂ shel9vo3,id u%; L r{?
ano h i ¢ et hanol

relatlonshlp nperature an action i’n prophe
synt hesi s syméem ﬂnam ﬂgwaftmebhambes siphtshesn.s Siodlarly, thet Reighit fugioodf synt hesi s
rzone of the ethanol Knthe3|s system the pressure was hel d at

appr oxi mat eethaod tgdhiiol dunrdipagybud alagboldisamaiil|opn besarteollediyci ty was
hel d consta Ih t din the
-et hanol syn?{“ll'em @%@gﬁnﬁgghéxgﬁggﬁg%ngfes %@%’ﬁl §‘_ 23 ef‘ﬁtgnol

synt hesi s cahsgly ste wdibht heedf imetHahe tetettanol fosyet ime:mﬂm?eﬁma:omlsmeﬁmnprl sed of

met hanol , CO,. and H2 deT%I ar fractlons of 0@8 0.436, and 0. 436,
respect i vel 32 THE @ ¥\GHRRERE sihe erclionotRadiions, -8 pERRFIRRIE. LD a
nmet hanol % @%@ﬁth&’ﬁéﬁmt?@ﬁ descri bed above with reference to Fig. 2. Table

I'1: Ethanol tion as a Function of Tenperature Reaction Tenperature
Wi ght  Per cHI279Ft hanoBimifarly) reverGiO teeltidsBodke whkdht 2389 df. Iﬂeth'ﬂﬁ)l(t%o 7.7

550 (288) 9. 2 Th bl I 1 | |
terrpt(ar at Lr e® ?‘%’[‘q %E‘L eﬁeqﬁﬁgéﬂim@?ﬂétﬁ?eﬂm é}%tq?}ggﬁegm%gg Cd’g}%é’a’a}ﬂﬁj of
et hanol f or fRgudGr BétRand! @%tﬁéﬁ@%ataiy@tz%eiﬁ%ﬂ&rsyh&gsé Qnfti85 add/ob hg Wei ght

ratio of nmethanol to ethanol formed” 1 n conbi ned al cohol stream 221 can be
controlled Wymgrb}nmg‘xquhtaoanﬂmaml thhmtmmwt myqﬂndnelsswtheaxsahmsﬁmi n met hanol

catal'yat i o O R NG Waist TRt rtanyy Bortheg) (e el y, ¢ he
wei ght ratiRfifkd rm)h@lnafeahpsm Baﬂab coRfroBsl by vaeiitY BRI ©PRPhgas in
syngas stream 302 or by varying the flow of the syngas stream, not shown, that is
directed to ethanol synthesis unit 306 (if the ethanol synthesis unit 306 comprises
a fuel alcohol synthesis zone). If the ethanol synthesis unit 306 requires a
methanol feed, then the weight ratio of methanol to ethanol formed in refined
alcohol stream 314 can be controlled by varying the amount of methanol that is
directed to the ethanol synthesis zone 306 via methanol-containing stream 307,
e.g., via one or more flow controi devices. Similarly, the weight ratio of methanol
1 to ethanol formed in refined alcohol stream 314 can be controlled by adjusting one
or more of flow control devices 329, 331, 332, 330, 333, and/or 336. Lastly, the
weight ratio of methanol to ethanol formed in refined alcohol stream 314 can be
varied by changing the reaction conditions, e.g., temperature, in ethanol synthesis
unit 306.
[0280] In Fig. 4, the weight ratio of methanol to ethanol formed in
combined alcohol stream 421 can be controlled by varying the amount of
methanol synthesis catalyst in integrated synthesis unit 406 and/or by varying the
amount of ethanol synthesis catalyst in integrated synthesis unit 406. Additionally
or alternatively, the weight ratio of methanol to ethanol formed in combined

alcohol stream 421 can be conirolled by varying the flow of syngas in syngas



Q 8 FEB 2007 WD 2005/ 051872 PCT/ US2004/ 035, 474 89 stream 221 can be
controlled by varying the flow of syngas in first derivative @a&ﬂsﬂﬂﬁeam

204 or |nv'§, czg(qiﬁql@,rzi vative syngas stream 203, e.g., by @QmIUszd4y(ng74one or
nore flow contr devices, not shown. fgimlarly, the weight ratio of
net hanol to ethanol formed in conbi ned al cohol stream 221 can be controlled

m nol 2, 233,
y ~aajus 'Qﬂ?—agrgﬂ)g ]éeemofn Eé%“;:e&h lde‘qe 6, 260 to et anol&%% e

and/ or 234 wel ght ratio o ano Brmed in
conbi ned al syrhhﬁmssnmem&woﬁ@hsesaan dzihanoas]mlmbstswataﬂysnglangpqnjnes a matiiaholn
condi tions, i

t hanol t t. 20 279]
Simlarly, feégep‘FP ﬁge Egt?% of t“?f‘éﬁiﬁ@ 8’2? hi’%ﬂ BESI ’r?elﬂ?&{’é%?detal‘?og‘élt hanol
formed in r?& ﬁ@éaﬁ%%néaﬂmp%}@gl Ao ano PRl fd (M i¥ Bhddedtdot he

anount of rret synt hesi s cata synthesis uni't 305 and/ or
by varlyi ngt}tehetegmmdﬂmymﬂiesxstimam06symtrla@s]esstream:ﬂ}ﬁstc d.nvietdnarml mesent hesi s

unit 306. Addition Yor te veI , wei ght _rat.i o- of thanol to
et hanol for BRY §oRiro é‘F Ifesd 511 aélﬁ’ir ﬁ]ﬁn‘i"%‘ﬂt %DEHWPPIOF] g& varyi ng

the flow of f3¥%093% cbﬁhbuﬁ?d“ﬂ@o‘i‘no?tsfr‘éﬁﬁ‘@Q%aﬁrbebé/onﬁ%ﬂ&l ﬁmﬁtlhgq;ﬂe% the

syngas stream not shown, that is directed to et hano synthesis unit 306
(i f the et hewool ofsow nostral demices 3D%, 43dnpPd3, sed/or 436.udlasth, (thﬂmblghyratﬂoem s

el gt 1t B BERBIN AR PR D F PR AT DR S Bared Woam 314

can be contghbied thy rddRfiYh @gnaltﬁ%n@@&'nftenfﬁerdfﬁﬁehﬁf‘ﬁite%ﬁl%& syathedls n@gt ed to the
et hanol synthe3i s zone 306 via nethanol -containi ng stream 307, e.g., via

one or nore4dd ow control devices. Similarly, the weight ratio of net hanol

et hanol d f | coh b 180D
2 ust i ng. d1BTlor o, BRGHEERLGRES T PR, bodfuBl todytansr i F0"%5

and/ or 336. feb@aickycari B#niladsi BBt condolled Gh AMEird dtlﬁemmrf@él fleemad in
-refi-ned al cohol- stream 314-can be- varied by changi ng the reaction -

condi t i ons,syathgsis sygemerlitthe entegratedt sysiom cosyptshe 8isethanel syntesis poz80] | n

Fio. 4 Lnapyel Qlediohin 8L sTOIRRS! hiheSL 0ATGhl ST akPBRAF], 2l cono

stream 421 can con var € anoun o synt hesi s

catal yst i Fﬂdvft’b@@hﬁﬂaedsﬁymtdmols thenﬁldw ‘6ﬁﬁleﬂﬁﬂél(ﬂ‘orb)the/ﬁlléﬂiaﬂ@ dyhthesignmount  of
et hanol synt hesi s catal yst i n_integrated sy%he& S unjt 0? Addi tionally

or alt er natiiteing the groyal ¢fiztuct glepho ¢ amgupk plastbrnollofrp@dthe n conbi ned

fuel alcohol synthesis unit that is directed to the OTO reaction system.
Additionally or alternatively, the amount and/or type of catalyst in the fuel alcohol
synthesis unit and/or the methanol synthesis unit can be varied to control ratio of
the alcohols formed therein. If the mntegrated system includes a single combined
synthesis unit, which forms both the methanol and fuel alcohol, then the weight
ratio of the methanol synthesis catalyst to the fuel alcohol synthesis catalyst
contained in the combined synthesis unit can be controlled to provide a desired
methanol to fuel alcohol weight ratio.

[0282] Additionally or alternatively, the reaction conditions in the fuel
alcohol synthesis unit, e.g., temperature, can be varied to control ratio of the
ethanol or C3+ alcohols formed therein. Generally, an increase in reaction
temperature in a fuel alcohol synthesis unit, within reason, increases the amount of
ethanol and other byproducts formed in the fuel alcohol synthesis unit.

[0283] Thus, in one aspect of the invention, the ratio of ethylene to

propylene formed in an OTO reaction system can be controlled by varying the



al cohol stream 421 can be controlled by varying the flow of syngas i[g s&\)%as
08FEB2007 WD 2005/ 051872 PCT/ US2004/ 035474 ~ 941 stream 402 via one of F

fl.ow controlywdeMbheesgsNot shown. If the integrated synthegis unit

conprises an et hgﬁﬁl 7sj;nt hesis catalyst jhat requires a rre?ﬁiﬂwomf"é%ﬂ‘ t hen
the weight ratio of nmethanol to ethanol for med in conbi ned al cohol stream

406 can be controlled by varying the anount of nethangl that is directed to
the integrat é@acélyﬁtt%ﬁﬁ@miwﬂ alGohol syaipesis usit,veus. 41 ooopstaiion withe one or

T Rl AR 5w Bt RS e o

adj usting oneThat is, airkreabe fnl theroactidn tepeattire 6fa A2Dalcdidl systB&is wnowtlr 430.
Lastly, the wei ght ratio of methanol to_ethanol forned in conbined al cohol
stream 421 cdrcrpaseviici anowy ofc pAvplnpmed Whidy jubimatelydivillomsrcage ghe

tenperature, uhﬂlﬁxe ﬂ%ﬁ&h&tygk&ﬁﬁhibqig@ %@ o %%?eihl ﬂl*‘tﬁm"ﬁ‘?dn?;@% gftio of
met hanol to et hano tal nec} in an can siml
control |l ed i nnnni of egidéredreimrive anopropyiehe édmhoﬂn arsm(bleﬁamoﬁy@&teﬂi I f the
i ntegrated system co nﬁrl se% a net h(%gw éroﬁ,l?eSI s unit that is separate from
the fuel al cORWNRSFAPHE PR bg poptrol sorEring thedrepqtion, (ewReERBIe Ol ces may
be used to C%Haf@' ?rhﬁﬁmfslu&‘{" of nmethanol fromthe nethanol synthesis unit

0

and t he anpunt al cohol (and hence the anount of ethanol) fromthe
fuel al cohol Isynt EeSANIPIESt that is directed to the OTO reaction system

Additionally or Itern ively, the anoun nd/ or e of catalyst in the
fuel al cohol I theS| ?H‘Grﬁr?gé%&ﬁvﬁ’rm?lhéwhrﬂ %’égﬁsﬁ’@& T ViVt oL B be
varied to copiifding abh gng{mgg,gaﬁlp@gscohol S forned therein. If the integrated
system i ncl udes a Single conbl ned synt heS| s unit, which fornms both the

met hanol andEkamiple] cehtiol): tMethappls Ohieedstecko of the rret hanol synthesis
catalyst to uel a i:S.C I 0 i n_the. conbi ned
synt hesi s uni[p‘%ggn be t![:%n?%o?lﬁ %Fwﬁ lsr?ovcl% %lyé‘ 8d) th%é (fcﬁ(acr%} 88 el ,

al cohol wei ghe.sralighn pefc@RiBREthAed (L0, @mighypa@emlvmermaxas blﬁbc;ted tohe ®@FOCt i ON
conditions in_the fuel alcohol synthesis unit nperature can be
varied to comigreilow deaciorolor copveraey teegof de héétrobfﬁéﬁhgh% reitineceffinentei n.
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unit, within reason, increa e anount o ot her Dbyproducts
formed in thpropyiebe dbmodibin shentfi@silswurdattor. The amoumnts of other products

formed in the microflow reactor were also determined.

[0286] A SAPO-34 molecular sieve catalyst composition, designated
catalyst composition “A”, was formulated following U.S. Patent No. 6,440,894,
the entirety of which is incorporated herein by reference. The silicon to aluminum
( atomic ratio of the as-synthesized SAPO-34 molecular sieve used to form the
catalyst composition was determined to be 0.068 based on Inductively Coupled
Plasma (ICP) spectroscopy analysis. The formulated catalyst composition had the
following overall composition: 40 weight percent molecular sieve, 12 weight
percent ACH (aluminum chlorhydrol) binder and with the rest (48 weight percent)
being kaolin clay matrix material, based on the total weight of the formulated
catalyst composition. For each run, 95 mg of the molecular sieve catalyst
composition was mixed with 1 g of 100-um silicon-carbide. The resulting mixture
was loaded into the microflow reactor, which was made of 0.25 inch silicon-steel
tubing. The reactor temperature was increased to the desired reaction temperature

(475°C for control Example I) while the catalyst was under He flow (46 ml/min),



[0283] Thus, in one aspect of the invention, the ratio of ethylene to
propyl ene formed in an OTO reaction system can be controlled by vaﬂﬁiFEg e

08FEB2007 Q05 1872 PCT/ US2004/ 035-174 91 reaction_tenperature in an
fuel al coh&\!@g@ﬁgﬁ{esg?s uni t, which, i nggooper ation with aPCWH”?MH%-““

synthesis unit, produces the feedstock for the OTO reaction system That
I's, an increase in the reaction tenperature of a fuel alcohol synthesis unit

wi Il increagsd whe halgostnthaiofengietaaurel fof aibowd30 whi 4hminliéd fomttemperattird |
i ncrease the _anount of ethylene that is forned in the OTO reaction system
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non-limting exanples. Exanple | (control 2: Met hanol as OTO Feedstock [0285]
In Exanpl e [2 16n90BH 3l¢0 valvgnihereagion piflusnt formed yeas sampled iy 2imayltidoomg . 5

wei ght perc P EI Iy . wat \@@@] j an OTo
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ef fluent stammpies wese tirdyzedrfat yahdset of denditionn® obiain thermeighedbvartgyy/| ene

relative to propyle formed in the mcrofl ow reactor., K The anpunts of ot her
product s fé‘?lﬁgﬂ"ﬂ%’n ?\E@r RIchy (57 T Pé)é%ﬂtnzéemsepaéf &H&ggrtﬂ? ﬁ%tanB’ST t286] A
SAPO- 34 nol %fe%\%l%\%gé;s&ﬁdﬁ@lsﬁ] yst conposition, designated catalyst

conposition "A", or ated following U S. Patent No. 6,440,894, the
entirety of [0#88th is iAmortpendie diliemnefiOand Hf mi/macef helinm was flavosd t o

al um num at.om ati o of .t he as-synt hesi zed, SAPO 34 nol ecul ar si eve used to
form the o HFavs HRCismOR for G ok YR R N1t g O0 KRS 87

I nducti vel y {epuRtERomRAI7BR $306F) ASRRELA Qﬁﬁﬁﬁ}é%éx@ﬁalti}éﬁ lufs strbBR W rsen at ed
catal yst conposition had the follow ng overalT conposition: 40 weight

per cent nol @tekaicksl-eemiaining mgthayiator, phrcbesonvaGd CQlandiGlnindhe offtugalr ol )
o et ek UG, bt Y51 ShkoEEOE0h, pRERLANRIL A 2 BRI
For each r Ugbnc8BtratibnQdf rhdiBanFOl RCHER quaitHied 1Wah FIY HetecRO MBS bbbt ¥¥as M xed
with 1 g of 100-pmm silicon-carbide. The resulting m xture

coke on the removed sieve was then measured by comparing the integrated peak

area from the FID detector with that of a calibration standard.

[0289] The collected effluent samples were analyzed by on-line gas

chromatography (Hewlett Packard 6890) equipped with a flame ionization

detector. The chromatographic column used was a Plot Q column.

[0290] The weighed averages (selectivities) of the effluent samples were

calculated based on the following formula, ((x1)(y1) + (x2 - x1)(yl+y2)/2 + (x3-

x2X(y2 + y3)/2 + (x4-x3)(y3 + y4)/12 + . . . )/CMCPS, where yi, xt and CMCPS are

yield, g methanol fed/g sieve, and cumulative amount of methanol converted per

gram of sieve respectively. Catalyst Lifetime (g/g catalyst) reported is methanol

that was cumulatively converted. Note that both the lifetime and WHSV were

reported based on the weight of the sieve. Methanol converted at less than about

10 weight percent conversion was not included in the calculations.

[0291] Coke selectivities were calculated based on the FID measurement

of the end-of-run coke (EQR) and the catalyst lifetime, i.e., Coke selectivity,

weight percent = EOR coke (g coke/g sieve)/ {lifetime (g methanol/g sieve)*14/32

(g CH2/g methanol)} *100.



was |.oaded into the mcroflow reactor, which was made of 0.25 inch
silicon-steel tubing. The reactor tenperature was increased to theD(@erEiBr@W
reacti on teweioadssigr: (475C for control Exanple 1) while E@b‘%}}@l ’é%’ was

under He flow (46 m/mn), O8FEB2007 W3 2005/051872 PCT/ 48474 92

and was held at that tenperature for about 30 to 40 mnutes for tenperature
stabilization. [0287] The oxygenate-containing feed was introduced into the
reactor at [8092) mi n, Ti@0salksvitanel aBtgoelycevesidoPiy thovmartiaist prodeéts| uent was

sanpled by a 16-] 00 | co .val ve. The react eff] uent farned sanpl ed
TR ol ¢ - 105F de eI ot Bt FuodnParRtin by St iRareBhett YRlsGat e
From about 9t Geldw. SEHEPUSS WevRlednal ¥Rl B @AGHnSeF Tablec MM dickigpps to
obtain the weighed average 'selectivity. After each test run, oxygen/ He was
passed t hr olRgactioreTempapiyes anddCatplysishifeimeh whicbkeregersied in g/g[coia]) ate mi xt ur e
of 10 mM/mn of, 02 and 10.m /mn,of heliu f hr qu the reactor
for catal ystw?%lagﬁécreg%ig%sn b\?\ﬁd 3 tlh éOtngglgggrgﬁgﬁﬁgﬁl\éﬁjﬁIgawgg' %ﬂn cased from
475C to 550@20ACRel CBOMOAD! 18+ egenesaid 11 falaswisk Tapled Wlsr t59Rdthadd)t 0 a

ni ckel - cont ai ni ng net hanat or, which converted CO and C02 in the effl uent
stream i nt o cHtergnethpie. prPYjPnesrapanc peaidldeydedtydmneihens egntpipingioyr
concentration_of t uant i fi b .FI.D _det ect.or. The anpunt
of coke on°tHE"F g%%@g{j}ggﬁg@g e\?\hége%h%r% pﬁépayﬁs?%}eecénﬁlnegbres i ?lﬁeglyt he i ntegrated
peak area fromthe FID detector with that of a calibration standard. [0289]
The col |l ected eff]|uent_sanples were anal yzed by on-line gas, chromatography
(Hew ett Packar d Fadeillcgelesihaty and ﬁ“ﬂv‘frﬁ’ﬁﬁé’fil%ﬁﬁsi%ﬁlﬁ%?\mpmtor. The
chromat ogr aphi ¢ col um Wergerr Methanebtodaight Dbef3e] The wei ghed aver ages
(selectivities) of the effluent sanples were calculated based on the
foll owi ng Resetioll & (&) (V) (+ GX2| -C:XI)ACKDHY ) 2| Gok€ X B +2)) Y@ + Cyady +
(x4-x3)(y3Tcﬁ,y4)/2 + ...[1)/ CNCPS, here yi, (xi and CM I ehgomd
met hanol fed/glsi and cumil ative anmpunt lof et hanol HJI]F\,L gram .
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t hat was “etrr-at VoY= rerretr
reported based_on the vveicght of tge si.eve. Methanol _converted at | ess than
e

about 10 wHIZ§Al per cBA GRS Wes2bRYE: theBrimpg otplinselestivign (ROPht i ons.
for the conversion of a pure methanol feedstock at 475°C, 25 psig and 100 WHSV

was 75.13 weight percent. The ratio of ethylene to propylene formed was 0.92.
Example I1: 9:1 Methanol to Ethanol Wt. Ratio in OTO Feedstock
[0294] In Example 11, a feedstock comprising 90 weight percent methanol

¥

and 10 weight percent ethanol was directed to an OTO microflow reactor for
conversion thereof to light olefins. The oxygenate-containing feed was introduced
into the reactor containing Catalyst Composition A ﬁndcr the same conditions as
indicated above for Example I (100 WHSV and 25 psig (175 kPag)). Unlike
Example I, however, 9 to 15 runs were performed for each of the following
reaction temperatures: 425°C, 450°C, 475°C and 500°C to determine what effect,
if any, temperature had on conversion and selectivity of a mixed alcohol-
containing feedstock to light olefins.

[0295] The resulting effluent stream was then analyzed in the manner
described above in Example I to determine the amount of ethylene relative to

propylene that was formed in the OTO reactor. The amounts of other products



[0291] Coke selectivities were cal cul ated based on the FID neasurenent of
the end-of-run coke (EQR) and the catalyst lifetine, i.e., Coke ?gl‘:e{gtﬁwi ty,
wei ght percent = FOR coke (g coke/g sieve)/{lifetime (g nethanol

Si eve) * 1AvB22003/¢f1€12/ g net hanol )} *100. O08FEB2907 WO 20BEYV/0BIGIGB5474

PCT/ US2004/ 035474 93 [0292] The selettivity of nethanol conversion to the
various products were determ ned through gas chronat ography. The results
are provid le. | | T, V. € t he col unms
of Table If %m(eexcg{%tml Cﬁ’efg“{mggmge%eegg g@%&gﬁé& Tl?eeﬁsultts i ﬁé"%naf%, which is
recorded ifedhdicatad Belysiih Table IVwei ght per cent ages, based on the total weight
of the effluent produced. d, C=, (C20, C3=, C30, ACAD, A4+, C2=+C3=in the
foll owi ng Tables refer to nethane, ethylene, ethane, propyl ene, propane,
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to Light
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Feedstjotks¢ 029%] *&b_.sExath 3hd7, [ @40 9eUSt OCKe ®ONm6 in;@gzw W@Bgu spRTgent

met harU'sooE"““ P eght o ReT SERt gl angla vaST A Sql go kg an- QO Mgkt ow
r eact DJ'QI W J h 1o ] |ﬂhi' -\I n'Fl ! ‘_hc\ DV\I enal- caont | n| ng

feed was introduced into the reactor containi ng Cat al yst Conposition A

under 't he [Pgﬁg)cond' ’s%&ic 8 ab{ikdé Cﬂ%ﬁﬂﬂ‘?%‘i@ﬁ%%lsﬁﬁ&?&%é fhOffie WSV and 25

psig (175 owever re perforned

for_each ajonvéreiohadfl a)\&:aalgtock eempnmgtparmeoawgmsperée?ﬁ(ﬁletﬁﬁﬁc;mdﬁac and 500C
to determ ne what effecgt ratu on conversion and
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also depending on reaction temperature.

[0297] The data from this example illustrates a surprising and unexpected
flexibility in the ability to tune the ratio of ethylene to propylene formed in an
OTO reaction system by modifying the reaction temperature when the feedstock
comprises a mixture of methanol and ethanol. For example, the ethylene to
propylene ratio increased from 0.92 to 1.25 with the 10 weight percent ethanol/90
weight percent methanol feedstock, which is an increase of 36 percent.
Furthermore, the data from this exampie at 475°C illustrates that the overall POS
also improved with the 10 weight percent ethanol/90 weight percent methanol
feedstock when compared with the pure methanol feed that was conducted under
the same experimental conditions in Example I. For example, the POS for the
mixed feed was 78.92 weight percent, an increase of 5 percent. More importanily,
the ethylene selectivity increased by 22 percent (or 7.92 weight percent) with the
10 weight percent ethanol/90 weight percent methanol feedstock.

Example III: 8:2 Methanol to Ethanol Ratio in OTO Feedstock

[0298] In Example III, a feedstock comprising 80 weight percent methanol

and 20 weight percent ethanol was directed to an OTO microflow reactor for



descri bed above in Exanple | to determ ne the anbunt of ethylene relative to
propyl ene that was forned in the OTO reactor. The anounts of other products
08FEB2002 WD 2005/ 051872 PCT/ US2004/ 035474 94 formed in the m criof FEBv007
react or wemngoab@msieter m ned. The results of the anal ysi spcffiRaioddiaay ed
below in Table IV. Table IV: Sel ectivitgs and Conversi on of Feedstock
Conprising 90 W. Percent Met hanol and 10 W. Percent Ethanol to Light

O efins Reaction C_Cs 4 C ACA?1 C4+ Coke C2 7+C3' G /C, Catalyst Tenp.
Li fetime ﬁeswraloo@h%af% lightyolefiys. dhhe pxygengtezopipining fsdwasntpwiugsd 1 09 33. 28

43. 86 0. 0- 130 1o ey Tgniidly Ehuher Comp et 4 R R e Bpiogons 17 g >
0.45 31. 03 iflidated ab3vel for IBxaznpl I7(30(79NIHSB’4aJﬂD"§£§)s{g0@96]kB%.g))l nUhiilt ed above,
the prime o efln selectivity (POS)Wéq%r thﬁo conv t|on of ~a feedstock
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conpri si ng Epam@lod hrveer pEscesE Oé‘ﬁwlrtﬁefe@émn et hanol
rangedfro 0 7 g r le tgg&e e ratio of
et hyl ene to éesne ﬂ(?fe ﬁgg’%‘g ?(Srdg% goagQ{e?Igmf Fﬁsao gepe di ng on
reaction tesmﬁrﬂhw kad [dD2Ecfiverdion dad aclectivityt bf & swaadphleohdlicustainiges a
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et hyl ene tgeeﬂﬁtﬁﬁ%/ d in an OTO reaction system by nodi fying the

reaction t iaturei\f{e%s&mﬁ?le@m%{ Sfrkam GADIHeR *haRz B Xh YR nneiPt hanol and

et hanol . FoOr anpl e, the et ene to propylene ratio increased from0.92
to 1.25 wi tésctihed BBoweirgRkapplecietut dettinane Itied Bmowti cghethpkenceciatwmtohanol
Furt her.nmor e, e data from
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conpared wth the pure nethanol feed that was conducted under e sane
exper i ment @&k indirated belnw i Tableavipl e |. For exanple, the POS for the m xed
feed was 78.92 wei ght percent, an increase of 5 percent. Mre inportantly,
the ethyl ene selectivity increased by 22 percent-{or 7.92 wei ght percent)
with the 10 vweipidle ¥eSeRotivity Bad WonQersivhi di FecASoIE Conifishggiol f eedst ock.
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Reaction | C, | C; | C° | C | G° | ACAD | C,+ | Coke | C+Cy~ | C/Cy™ | Catalyst
Temp. ’ i Lifetime
450°C 1079 | 46.01 | 0.27 { 30.651 038 | 242 | 18.18 | 1.29 | 76.67 1.51 37.59
475°C {099 (4798 (035]30.17 043 ] 221 1592195 | 78.15 1.59 22.63

500°C {230 | 52.57 | 0.50 124301030 ) 480 | 1279245 | 76.87 | 2.16 | 26.61

[0300] The data from this example also illustrates a surprising and
unexpected flexibility in the ability to tune the ratio of ethylene to propylene
formed in an OTO reaction system by modifying the reaction temperature when
the feedstock comprises a mixture of methanol and ethanol. For example, the
ethylene to propylene ratio increased from 0.92 to 1.59 with the 20 weight percent
ethanol/80 weight percent methanol feedstock, which is an increase of 73 percent.
When the reaction temperature was raised to 500°C, the ethylene/propylene ratio
reached 2.16, a surprising and unexpected breakthrough as far as the economics of
the process are concerned. The ethylene selectivity at 475°C increased by about
34 percent (or 12 weight percent) over control when the feedstock contained 20

weight percent ethanol and 80 weight percent methanol.



[0298] In Exanple I, a feedstock conprising 80 weight percent neth ﬁl
and 20 wei ght percent ethanol was directed to an OTO m crofl ow rea&ﬂg?l f'lgﬂﬂ
08FEB2007 wW¥2482@514321872 PCT/ US2004/ 035474 95 conver si opcrhet@mohsdios | i ght
ol efins. The oxygenate-containing feedos#as introduced into the reactor
contai ning Catal yst Conposition A under the same conditions as indicated

above for Example I (100 WHSV and 25 psig (175 kPag)). Unlike nple I,
however, run@Wdre perWoHeihe Rrﬁﬁ%%ﬁﬁt&nglﬂar?ébefe& SSleg %Déla’élpftfﬂﬁe%(gy

tenperat ur e rARRE o2t ARd cRBBinidd BREMAGURAY SlCH wnd trdbly
t enperature had on cohversion and seleéectivity of a’m xed al cohol - cont ai ni ng
f eedst ock t appiegiate thiaethenmver(tiod ASndsTiteelfrte swartatinns edff hevesdaribt ilmstmateds t hen

anal yzed in_the nner. descrjbed above in (annpl e | to determ ne the anount
of ethyl enehP"é’tht'%ﬂP?)reﬁﬁ?‘br}bWbﬁ cremss shpdd bgrnade solelyre threppeaded or . The
amount s of g I Qe d ] - nere al so

det er m ned. QEFE@£ fde}glq} SE;Ss)?fcIehe aﬂ% 9??@6 sgﬂrrger %E?ﬁ%%%g%\%ﬁgévﬁi n Table V.
Table V: Selectivity and Conversion of Feedstock Conprising 80 W. Percent
Met hanol and 20 W. Percent Ethanol to Light Aefins Reaction C, CZ' C2 C3
C3 ACAD 4+ Coke C2"+C3 C3/C37 Catalyst Tenp. Lifetine 450C 0.79 46,01
0.27 30.65 0.38 2.42 18.18 1.29 76.67 1.51 37.59 475C 0.99 47.98 0.35 30.17
0.43 2.21 15.92 1.95 78.15 1.59 22.63 500C 2.30 52.57 0.50 124.30 0.30 4.80
112.79 2.45 76.87 2.16 j 26,61 (0300] The data fromthis exanple al so
illustrates a surprising and unexpected flexibility in the ability to tune
the ratio of ethylene to propylene forned in an OTO reaction system by

nodi fying the reaction tenperature when -the feedstock conprises a mxture
of net hanol and ethanol. For exanple, the ethylene to propylene ratio
increased from0.92 to 1.59 with the 20 wei ght percent ethanol/80 wei ght
percent nethanol feedstock, which is an increase of 73 percent. Wen the
"reaction tenperature was raised to 500C, the ethyl enel/propylene ratio -- - -
reached 2.16, a surprising and unexpected breakthrough as far as the

econom cs of the process are concerned. The ethylene selectivity at 475C

i ncreased by about 34 percent (or 12 wei ght percent) over control when the
f eedst ock contai ned 20




wei ght percent ethanol and 80 wei ght percent nethanol. 0 8 F EB 2007 WO
2005/ 051872 PCT/ US2004/ 035474 96 [03011 Wile the present invention has
been described and illustrated by reference to particular enbodgﬁﬁq%§m7
those of ordinary skill in the art will appreciate that the inv ion pends
itself to variations not necessarily illustrated herein. For this reason,
then, reference should be nade solely to the appended clains for purposes
of determining the true scope of the pré8ent invention. 0 8 FEB 2007 97
CLAIMS W claim 1. A process for converting an al cohol -contai ni ng stream
to light olefins, wherein the process conprises the steps of: (a) providing
nmet hanol and et@g&gﬁngo a reaction zone, wherein the weight ratio of

met hanol to ethanol 1s greater than 6.0 and | ess than 10.0; and (b)
contacting the maiddnwl and the ethanol in the reaction zone with a

si | i coal um nophosphat e nol ecul ar sieve catal yst conposition at a

tenperature of at | eAprocadsior convering antaleohel-cspiningoitresm do dightplefing, o t he

light olefins. 2. ThenhdiPe sioct cbrhiHstd the ssaerei n the weight ratio is
greater than 6.5 and _less {han 9. 5. 3. T'gaine{)rocess .of cl ai H] 1 o 2, wherein
Pehenoh and

the light ol efins ar® yi SfoyEtps P bR "AGHE FAPe O BNt stream
cwnpsi si ng | ess t hanwégii matidi of vietipadsiae sthanoh isqyremtar chao dipodriels thad . 10.0he process
of any of the prece\(,j\?in?g cl aims, wherein the nmethanol and ethanol are forned
by contacti ngayngas h a synthesis catal yst under conditions effective to
form the met hanol an®) t heomsactiag the methanotiqad the edarel injthe pagtiopizond etz ecedi ng

claims, wherein the gyalil@fphdsplaft! WidlecuaP "REVeS @8R5t Ibipbsitich gat£d net al
sul fide. 6. The process of y. of tl;g, pr ecedi 3? cl | 5, vvherelnn ghe met hanol
and ethanol is for fEHPTH% @?ﬁf%éi CZ28587EH %ﬁ“ﬁ'ﬁlﬂﬁ A ePrgh s My nt hesi s

f light olefins.

2..  The process of claim I, wherein the weight tatio is greater than 6.5 and
less than 9.5.

3. The process of claim 1 or 2, wherein the light olefins are yiclded from the
reaction zone in an effluent stream comprising less than 5.0 weight percent
aromatic compounds.

4, The process of any of the preceding claims, wherein the methanol and
ethanol are formed by c ontacting syngas with a synthesis catalyst under
conditions effective to form the mothanol and the ethanol,

s, The process of any of the preceding claims, wherein the synthesis catalyst
comprises an alkali-treated metal sulfide.

6. The process of any of the preceding claims, wherein the methanol and
cthanol is formed in a synthesis zone contmining a mothanol synthesis
catalyst and an ethanol synthesis catalyst in a weight ratio of from about
1.0 to about 5.0.



catal yst and an ethanol synthesis catalyst in a weight ratio of from about
1.0 to about 5.0. 0 8 FEB 2007 98 7. The process of any of the preceding
clainms, wherein the process further conprises the step O. (c) contacting
syngas with a nethanol synthesis catalyst and an ethanol synth@ggifgs 2007
catalyst, prior to step (a). under first conditions effective to convert
the syngas to the nethanol, the ethanol and water. 8. The process of claim
7. wherein the nmethanol synthesis catal y8t conprises a netal oxide. 9. The
process of claim7 or 8, wherein the ethanol synthesis catalyst conprises
an alkali-treated nmetal sulfide. 10. The process of any one of clains 7
through 9, wherein the MRsRELSSanl W ilShrecetiBERainkd Whidat: Bt PRocods finfid} renovi ng,
prior to step (a), a wei. h%]}er%o ity of the water fanned in step (c) from
t he met hanol and th&°@?ﬂ§ﬁ Pfed in step (c) to forma dry
al cohol - cont ai ni ng Sty eacvostipg isyigag witwei ghthanolegyothédisy cablysthendred hanol and
a weight majority of j : s of any
e%ﬁﬁgssﬁtﬂﬁmer ataby2f, BEEk th Ghep B, SPhabeGirds bondlbifhs BAAFS

one of clainms 7 throu elrn t roce urt conprises the step
of . (d) varying the1$pW§F“§GﬁMM?F8H§°¥%£ﬁﬁbﬂ$§ﬂ?W@amkWUﬁ% rati o of methano
to ethanol. 12. The process of claim11l. wherein stop (d) conprises changi ng
the tenperature at ich th ontacting.in ste occurs. 13. The process
of claim 11 or ?2, vﬁ’gr"é‘?‘:ﬁ’ss”?é m(g?@?’?@ﬁ%ﬁ'ﬁ@%sﬁmﬁ&tﬁwi on that
the weight ratio of sonéplloxide. to propylene in the light olefins fornmed in
step (a) should be Increased or decreased. 14. The process of claim1,
wherein the process further conprises the steps of ........, .........

F E B 2007 99 fc) cHist wreessh et £aimy §or

conprising carbon nmpissan akali-ranedthanisaifidand hydrogen with a net hanol
synt hesi s
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10.  The process of any one of claims 7 through 9, whercin the process further
compri_s,cs the step of: (d) removing, pﬁor to step (a), a weight mejority of
the water formed in step (c) from the methanol and the ethanol formed in
step (c) to form a dry alecchol-containing stream comprising a weight
majority of the methanol and a weight majority of the ethanol formed in

step (¢).

11,  The process of any one of claims 7 throngh 9, wherein the process further
comprises the step of:
(dy  varying the first conditions to modify the weight ratio of methanol
to ethanol.

12. The process of claim 11, wherein step (d) comprises changing the
temperature at which the contacting in step (¢) occurs,

13.  The process of claim 11 or 12, wherein step (d) is responsive to a
deterruination that the weight ratio of ethylene to propylene in the light

olefins formed in step (a) should be increased or decreased.

14.  The process of claim 1, wherein the process further comprises the steps of*



catalyst in a first synthesis zone under first conditions effective to form
a nethanol -contai ning stream conprising the nethanol provided in step (a);
and (d) contacting a second anmobunt of a second syngas stream conpri sing
carbon nonoxi de, carbon di oxi de and hydrogen with an ethanol syntfjrgeBlbs 207
catalyst i n a second synthesis zone under second conditions effective to
form an ethanol -containing stream conprising the ethanol provided in step
(a). 15. The process of claim 14, wherei®l the process further conprises the
step of, (e) conmbining at |east a portion of the nethanol-containing stream
with at | east a portion of the ethanol-containing streamto forma conbi ned
stream wherein stegc) a) cantapitig seﬁrspmudndiolﬂg &tst |spa@mt sareporcbmprisiog t he

conbi ned streamto tg[%m; %ﬁ]ﬁ&nc aagyﬁdlggeggﬁgﬁao theHay {h@&pe

precedi ng cl ai ns, wher el n e t‘ret are rected to the
reaction zone in an %@UWGI‘%WF@“@!@E@W eapdibienssaffegt ‘I"rterfﬂabbut 0.1 to

about 10.0 wei ght pegARRbI-doRinting sREMEEbnRPising AR th@badbl WoVigeH inQieplile

al cohol -containing stream 17. 'Fhe process of any of the preceding clains,
wherein the nol ecul sieve catalyst conposition conprises a nol ecul ar
si eve sel ected from(ihe conetang £emasndsdmonne affa. seddnARBigas SRR¥0 compARl). 8,

SAPO- 11, SAPO 16, SAP SAP .S PO 35,
SAPO 36, SAPO- 37, SRPER RIS d’g‘ﬁ%%“ﬁ%? d‘éﬁ%&’ﬁ?"_ %@E& %fh“ PO 56,
AEVCHA i nt er gr owt hs colmlyBidn ackenendi syhthepis zonery nden seeepd ¢ onditions gffestive td or s
thereof, and m Xt ur g§mf Hesembi-containing stream comprising the ethanol provided in step

().

15.  The process of claim 14, wherein the process further comprises the step of:
(¢) combining at least a portion of the methanol-containing stream
with at least a portion of the ethanol-containing stream to form a combined
strearn, whersin step (8) comprises providing at least a portion of the
combined stream to the reaction zone.

16.  The process of any of the preceding claims, wherein the methanol and the
ethanol are directed ta the reaction zone in an alcohol-containing stream
comprising from about 0.1 to about 10.0 weight percent water, based on
the toral weight of the alcohol-containing stream.

17.  The process of any of the preceding claims, wherein the molecular sieve
catalyst composition comprises a molecular sieve selected from the group
consisting oft MeAPSO, SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAPQ-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAP(O-42, SAPO-44, SAPQ-47, SAPO-
56, ARVCHA intergrowths, metal containing forms thereof, intexrgrown
forms thereof, and mixtures thereof.





