WO 02/ 26677 PCT/ US01/ 28106 -1 A METHANOL, OLEFIN, AND HYDROCARBON

SYNTHESI S PROCESS Field of the Invention The invention is in the field of
product i owo of26set hanol , ol efin, and 5 hydrocarbons from BCT/US01/28106

met hane- cont ai ni ng gas, such as natwgl gas. Background Methanol is a

maj or chem cal raw material. Present global consunption is about 27
mllion tons per year. Mjor uses of nethanol include the production of 10
acetic acidMEF @MMF%@NBWDWM§XNMSIS&P£@QE% oxygenat e
additive to gasoline, accounts for about a third of all use. Wrl dw de
demand for nmethanol is expected to increase as nuch as five fold over the
next decadieldsofihé Biventibnnew appl i cati ons becone commercialized. Such

appl i cations |n]cl ude t he conver5| on of nmethanol to _gas, such as the Mobil

15 MIG Pr ocess. herBVebing & 9 tBn g okprafapamm eignethg, Q%Pfém.aﬁé the use of
met hang| WRE E8NEmaihkAN cofidin d?.ﬁia for fuel-cell
power ed au r’%:bl | es Met hano c%yn'?%gg%g%?gl ggas 0 the equi librium
reacti ons of syngas, reactions (1) and (2). CO+ 2 H2 CH3OH (1) 20 Q02 +
3 H2 CH3OH + H20 (2) Syngas is defined as a gas conprising primarily

car bon norBadkgeourldd) , car bon di oxi de (CO2) and hydrogen (H2). O her gases

present in syngas |ncI ude pethane @ (CH4), .and snal |l anounts of |ight »
paraffins, sucHVghagql H%ﬁ@a&’ﬁ&hwwﬁlarﬁéf m@q@al waspen Sleli caRUBIPHON iy t he

CONpOSi ti ofoQf 2 7BmH aﬁsg&r fnmjor'ﬁgés_nlﬁ’?ﬁétha?%[‘hﬁﬁﬁﬁh ?%ubﬂ oiccount for

the CO2 present 1 n the syngas stream syngas nunb IS defined as
fol | ol®: Sisetc §did, forn@ORohyde, (ﬁﬂ)metlﬁﬁ-}nut\j@ﬂ@ﬁ/ IﬁﬁYaTteE@ﬁ/OWJEQS 106 -2 The

forward reagtions exot he that is, they result in the
for mati on AfIHYE{O B ime &F%‘%‘n Stfﬁ’ée'? H{&eagk‘fsﬁons (1) andy( 2) generate
| ess vol unes Woﬂ@@de(&ﬁﬁhd%ﬁﬂetﬁ%l ¥y FBH&@dR)fm&%ﬁ‘s@ A Rxh gi6d to formthe

nmet hanol . Therefore, to nmaxi m ze net hanol vyi el e., force reactions (1)
and fold over the next decade as potential new applications become commercialized.

Such applications include the conversion of methanol to gas, such as the Mobil
15  MTG Process, the conversion of methanol to light olefins, the use of methanol for
power generation, and the use of methanol for fuel-cell powered automobiles.
Methanol synthesis is based on the equilibrium reactions of syngas,

reactions (1) and (2).

CoO+ 2H, > CH;0H 1)

20 CO; + 3H, N CH;:OH + H,O (2)

Syngas is defined as a gas comprising primarily carbon monoxide (CO), carbon
dioxide (CO,) and hydrogen (H;). Other gases present in syngas include methane
(CHy), and small amounts of light paraffins, such as ethane and propane. One
way of characterizing the composition of a syngas stream for methanol synthesis
25  isto account for the CO; present in the syngas stream. The syngas number (SN)

is defined as follows:

SN = (H, - CO,) / (CO + CO,)



5 (2) to the right, the process requires |ow tenperatures and high
pressures for high conversion. Still, a typical nethanol reactor wll
convert owbyzadsout 20% to 60% of the syngas fed to the repacwso/ismea singl e
pass through. To obtain higher convelsions the unreacted syngas is
separated fromthe product nmethanol and recycled back to the reactor or
directed to a second reactor to produce additional 10 nethanol. The

initial step i ntheferprederstipan(lornde) RErpiothesmico thet athed resphigathet rom a
met hane- Cg@ﬁﬁétmn’}& PReat SUED gl%tfﬁﬁta&‘(ﬁ Alac@AR () arl t bgé{e}‘até’iefsé gas. The

associ at e costs of producih € syngas accoun or over half of the
capi tal i rmodsheesfiMe@H (gho tivet thanolumeb afifeed Tdes) sseddaforaathebe gener at ed

usi ng steam met hape reform ng, 15 or parfi.al, oxidation reform ng which
i ncl udes c‘BWg?’ffﬂdrfﬁ%ﬁe&rFﬁtﬂ&} leéﬁfréﬁl%é‘PiﬁQg{dS’r‘eef&SWﬁ@mPﬁ {]Jwa‘fl‘gt ent
Appl i cat i qny {BndGIRL fdhrbless fequBEORBN B PetalRls RRAMiLRbres @8] 'f%H reforners

used in the production of syngas for the production of synthetic
hydr ocar baesyersioat Stifl, a Sipsehmethainolpsadtornt wiblecoowery enlyiaboyt 2004 6036 oduces 20

an excess ntit f t hat .eventual | y nus removed fromthe process
tream - odtidatmaints (e e b i d3ha hast R of SRR g and T orovi ng
the CO2. chba@erslénPaicambcabiRalslagts isphRaEsn thAlroite nfXe@sParfdO2 produced by
the partial oxidation reforner can be utilized in part by first passing

t he syngageexsled bagktothegpacigrmr dizseted famsacond prerter ta rrodies dddiioselar bon
synt hq%i S I{laﬁgﬁocfr. The 25 nmethanol synthesis utilizes the CO2 as a carbon
source to produce nethanol according to reaction (2). Alternatively, the

C2 can be mi xeThennitial kgl irode produptietofraethiicl 18 @rpredkicesiadasFoui g€, to
convert the CO2 to nore CO according to the water-gas shift reaction. The
addi t i onalMethpRescontiRing gay speh pymsdueleeater eelingpinefingas. c Ths asserddiedbon. 30 U. S.

Pat ent  No.cq s hf hrokhdinl Qhe\/%ﬁlggln%féoﬁﬁts ﬁdr'o.v rel?laqpﬁsthé Q%)iﬁ?ﬂl‘(f@&ﬁkﬂﬂtlm nat ural

gas to matchanol or nethan synt heti ¢ hydrocarbons using a relatively
| ow cost, thehfetlsmb¥plenteAthepyngas ssn bd penenatdinsihg sfeam nsethangeefomning a 1: 1
2/ N2 02/ 26677 PCT/ USQ1/28106. .-3 stream at el evated tenperatures and
pr essdggs ¥ P gridatiop ieHng 83&”11 IR CPgllbmceﬂé OfAWg o FU9MSHIYe net hanol
and/ or synt:hetife hydrocarbons. The natural gas is converted w thout the

need for a costly steamrefornmer or a partial oxidation
In UK Patent Application GB 2092172A it is recognized that partial

oxidation reformers used in the production of syngas for the production of
synthetic hydrocarbons, that is, Fischer-Tropsch type conversion, often produces

20  an excess quantity of CO; that eventually must be removed from the process
stream. Consequently, there are assoéiated costs in producing and removing the
CO,. The UK Patent Application teaches that the excess CO; produced by the
partial oxidation reformer can be utilized in part by first passing the syngas to a
methanol synthesis reactor prior to the hydrocarbon synthesis reactor. The

25  methanol synthesis utilizes the CO; as a carbon source to produce methanol
according to reaction (2). Alternatively, the CO, can be mixed with hydrogen,
produced from an external source, to convert the CO, to more CO according to the
water-gas shift reaction. The additional CO is then used to produce more
synthetic hydrocarbon.

30 U.S. Patent No. 5,177,114 to Van Dijk et al. teaches the conversion of
natural gas to methanol or methanol and synthetic hydrocarbons using a relatively

low-cost, self-sufficient process. The natural gas is mixed with a 1:1 O,/N;



reformer. Also, the process is directed to | ow carbon conversions, e.g.,
about 50 5 to 65% so that the tail gas fromthe process can be used to
drive thavaonpessors and other energy intensive units i RPCTUSIR8O®ESS. |t
is very likely that the world demand-3er nethanol wll increase five-fold
over the next decade. Methanol will be used as a chem cal feedstock and as
a conpeting fuel for transportation and power generation. As a result,

processes SiGanas plgrad teannsrass andRerEs| O PRdRRC aEedpmnEeambichds f i ci ent
manner ar i J - L [ ] nt

i nvention edééc}{ng%% h)é% p%%ﬁlé{ ﬁlg{r]\[%]mﬂs%& gﬂtﬁﬁ g%ﬁtgétgr}g@édscﬁﬂ%'h?ge ﬂ;}sf& ?%%ng bon

synt hesi s qoneetsiswithidut themeed forancastik stsara defanhage agfartirdvkilgtion 15 hydr ocar bon

synt hesi s regact or, downstream.from a net hangl synthesis reactor The
it eact ed EPRGES AOe HESCRBUA BRBT PPN Gerton BT OP™, £ £ R 1o a
reactign tH'?SE%’ sd iRt RAGH bANsRithe ﬁ_@@es@%a@b@@s‘é@{ﬂ&'aﬁ‘}’e RIcbAPRIssstynt hesi s

reactor or e hydrocarbon synthesis reactor. If the secondary nethanol
synt hesi s andathesenérgy inferbive dratsim thegueesds.syngas from t he secondary net hanol

reactor is directed to, t.h hyd arb synt hesi s..r.eact or.. T

i i nat§on ot 1 overe By B e bt oy RO A ol BRI erER 05t s o
produci ng dweetheaickedeehde. | MeARoISMIIAEI UFBDNAS a EHehitd) Yedlbiotk 2608 Nes a syngas
streamfroma steam reformer with a syngas streamfroma partial oxidation

ref or mer t@MPEKBE Atp) forttEagaportstion ped powLsBeRlion AP adesit, RIPAsaes

conposiqt i ons: I t bl f ek ;,??2 produced by
t he rzlfO orrr%?%gny}ﬁ)eé I(E:%%llhnée}gm{s{)%%%%&s%fl ?qglgctﬁ%l?gf eéltt Hﬁaﬁ angﬂ&}l{éﬁctor shoul d
have a SN dekirivlem about 1.4 to 2.6. |If excess hydrogen is available this
can be used as an internal hydrogen source to further refine synthetic

hydr ocar bosudiafaey oNtHdBmveh@aess. | n the latter, a portion of the hydrogen
is separated fromthe Tirst syngas streamand directed to _a hydrocarbon

synt hesi s 30 refhairpigntinventiqnreonivresermethtnsd syrshesis praeess idids i s produced

f i i i . I f . WO
02 26677 A blsSRese pitel ARG imhaoTiR ARl hEARRIE.  on Further
conprilses Isepadagicniignthesip egatciod dowhstfeakh frdrammacthamed saith@isreisiann t he

hydr ocarbon synthesis reactor. to form a CO2 containing gas and directing
the 02 gabhe Wrreactd synge feerm dee meganal synthestniepctor is directed To a reaction

unit. The reaction unit can be a secondary methanol synthesis reactor or the

hydrocarbon synthesis reactor. If the secondary methanol synthesis reactor is used
the unreacted syngas from the secondary methanol reactor is directed to the
20  hydrocarbon synthesis reactor. The elimination of the recycling step in the
invention reduces the costs of producing the methanol.
 In one embodiment, the invention combines a syngas stream from a steam
reformer with a syngas stream from a partial oxidation reformer to take advantage
of their respective product syngas compositions. The invention utilizes most of
25  the CO; and H, produced by the reformers. The combined syngas stream to the
methanol reactor should have a SN of from about 1.4 to 2.6. If excess hydrogen is
available this can be used as an internal hydrogen source to further refine
synthetic hydrocarbon made in the process. In the latter, a portion of the hydrogen
is separated from the first syngas stream and directed to a hydrocarbon synthesis
30 refining unit. In another embodiment, the syngas is produced from a partial

oxidation reformer, preferably an autothermal reformer.



refornmer, the nethanol synthesis reactor, the partial oxidation reforner,
or any 5 conbination thereof. Preferably, the separated CO2 is directed to
t he net hamob22&ynt hesi s reactor. |In another enbodi nent, tPRETURVESIION
further conprises directing a porti-oh-of the product gas fromthe

hydr ocar bon synthesis reactor w thout CO2 separation to a unit sel ected
fromthe steamreforner, the nethanol Hogﬁg hesi s reactor, the partial

oxi dat i on r ef orl@pothgy erpydigghiy hgdRyes; heppomppses sepaFtBigidced met hanol
fromthe i i i 2 Fent, the
| R b gﬁemgfgﬁgﬁg g&é’ﬁ%‘%ﬁe @&Béaﬁgo%%ya;hg R e P oSl FR!

pr oduced anol 1s fi cted to a net ining unit where a
portion ofa €0ecowtsiemgmgad and Hizecting ylipe@i@4 gas taremitesizeed frofnthesehimned

Prof or abl Y TOSRD (TGPl gy Be ear 5 indiftia Sicind siples S¥anf"® P OPY! €N

si | i coal unicamiieRRREofl Prepiadlyy e se%ﬂat@a WONds ARE@SIMH0ake ReB¥Ro1SEl ected from
SAPO- 5, SAPO-8, SAPO-1 1, SAPO-16, SAPO 17, SAPO- 18, SAPO-20, SAPO- 31,

SAPO- 34, SABtbesis reaconPl) @wthes ambodimens ROy entiog ARther ComprF®- 42, SAPO- 44,

SAPO- 47, >APQO- 5 h | _contajning. for f _ea t.nerepf, and m xtures
Shoreqt ! i BremE fppiiof ERctroGRl LA Sllohd AidBealerRhabBsteRt . 200 M X en
of the. Dr awitigs CO)8cpiraiiaito o uhviaRlecR fivinl theRaheicf@met] Mitemsthaas by

reference to the Detailed Description of the Invention when taken together
with the abDnthesisecactordiie nadial grdatongelomey, prany Gosnbinaiondhgieelc of an

i ntegrted nmet hgp : t [ ;1 Egu 21is a
schemal'?) ic of the ?Aﬁ@%&%%%%ﬁ%ﬁ%fé@@?hﬁéﬁ@@é& %E?ﬁgdn@ﬁﬁé%loé@rﬁb anol

synt hesi s aneantbodanerf) the pedBcddsmethand énfidst diraetedatn aimétegrodtrefhiny ocess with a

L S e et Ehr S B SF BHUBS PR 2 T el s EEnedy e on
| mvent o Fr e T e e e, "and synt het ¢
hydr ocar bdfrefeyabligiamgolaenlanrsievgreatabst, phara prafersblym silicaalungsophospliate | ower

capit a1|5 anc%talyst containing molecular sieve selected from 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, SAPO-42, SAPO-44, SAPO-47,
SAPQO-56, the metal containing forms of each thereof, and mixtures thereof, is

used to convert the methanol to olefins.

20  Brief Description of the Drawings

The present invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached
drawings, wherein:
Figure 1 is a schematic of an integrated methanol and hydrocarbon
25  synthesis process;
Figure 2 is a schematic of the integrated process of Fig.1 with multiple
methanol synthesis reactors;
Figure 3 is a schematic of an integrated process with a hydrogen separation
unit and a hydrocarbon refining unit; and
30 Figure 4 is a schematic of an integrated process with a single partial

oxidation reformer.



operating costs than two conpletely separated plants per unit of total

products 5 produced. Sonme of the cost savings are attibutable to using the
CO2 prodwed2ms77t he syngas refornmers and t he hydrocar bonPE)/USHESI® r eact or
to nmake additional nethanol, reactioh-2, and/or carbon nonoxide, which is
used to nmake synthetic hydrocarbon or methanol. Methanol production can be

i ncreased 8{ ih(ia addj tj on Ef CQ2.to the nethanol synthesis reactor or the
syngas ref _t SErpAL f:t CXYERHPRt ai ned at about 2.0 to 2.1. Additional
cost reduct i OnSTiEONReAtPrbMiiess Alkthdd of fa®lng m&Baldl AEd apfhéRol | ng

requi renents, and the eli'm nation or reduction of waste streans. A steam

ref or mer thydtasathoy byrsthgragnisgratpdplautdasign Bt ssulsbimlower capiigdend st eam

reformer produces ignifican unt . of .hydrogen that,1sn used for 15
br oduct ng EUHER s Bal e oG Berot BeoRler S PSR & BlateBalit of “Fet hane

Wi th steargrbuced 086ige ofitheaidst sengs eacittibumabiso. ushight D0 pdduaedbpt s of CO2
is also produced because the steamreacts with the CO according to the

wat er - gas Bhsmgas resrmarnnd thy hydroparben smtiosis raardorp magg adgitionatyy 3 H2 + CO
(3) 20 T . By: i | inthe

met hanol C%%F%Agg’ilgbcr%gg?é@P%‘%?oﬁﬁggﬂﬁmﬁgﬁg&ﬁﬁég é(:HgsS 1c}?tpccorrpr essi ng

t he syngashydrdcatboh@r ettleanoh gVethensteirdietion cayd meshsedrityaht additicihe cost of

gas conpression can be significant given the |large thro ut of feed to
the net harﬁd@yﬁﬁhﬁe@ﬁ@wgw%ﬁsw ﬁeﬁ%t%b% séglgéamfﬁ%ﬁﬂf%ﬁg& d also require
a larger Ui AP A .18 22C CRANRER Sodt RENRUEES SN om RS Si DI e use
for the excess hydrogen could be to refine crude stocks, bu%r I n” nost cases
t he met hanotlseating awd ¢avliag krepaeinentsf @nd the sivedtién omethagionaffiwastey. Thi s
under utilization of the produced hydrogen is one of the di sadvantages of
using a &M ref ormer in a net hanol synt hesis plant. WO 02/26677

PCT/ US01/ 28106 As@a@)&@ﬂﬁ@eﬁ%ic@i@?ro_@ﬁgd@rs?fﬂgh%%itﬂ:iSmdf%&ﬁ"!@tlﬁy ad catalytic
oxi dation process. An oxygénh containing gas is fed into a reactor or

reactor f eséedmyresgraicr prodyrsscsssigiiifipantemuricor hydewgen e s nodzeadfoni t h t he

met hang to _form nd  H2 typi cal _.oxj dation or.,..nmore conmonl y
refer ﬂgd tp(go%usm%q% tlh%%% b)% itec?gf lie%%m@l% %@6 9art%lyt)é¢ ﬁeg%t,l R Fﬁ&%%“& d’&l(% a syngas
stream W tdieatn ©Nroducdliduind CA, regectibn83). Significant amounts of CO; is also

produced because the steam reacts with the CO according to the water-gas shift

reaction (4) to produce CO; and H,.

HO(g) + CHy - 3H, + CO 3)
20 CO, + H A CO + HO0 “4)

The excess hydrogen builds up in the methanol synthesis recycle loop, thus
increasing the cost of compressing the syngas prior to entering the methanol
synthesis reactor. The cost of gas compression can be significant given the large
throughput of feed to the methanol synthesis reactor. The process equipment

25  would also require a larger volume capacity to accommodate the excess gas. One
possible use for the excess hydrogen could be to refine crude stocks, but in most
cases the methanol plant is in a location far removed from the refinery. This
under utilization of the produced hydrogen is one of the disadvantages of using a

steam reformer in a methanol synthesis plant.



Al t hough POX reformers are used to nmake net hanol, nuch of the CO2 produced
by the POX reforners are not consuned during nethanol synthesis due to the
def i ci enoyo 0f/2dsydr ogen in the syngas feed. As a result, tpPeT®@sogs8ad oss of
efficiency in the process of maki ng-éethanol. This inefficiency is
conpounded in the 10 process because when the CO2 acts nerely as a

di lutent, theCOZrmstaE dal%grpl\:/)\ntht e CO and H2, and then
event ual | y be rOm8Ie®os Wrﬁeclﬂé ¢b¥8 O¥Ka4eR renoval of

di I ut ent ﬁc gdﬁntogi%'ééhecoﬁpazr%e??asrﬁglﬁdqﬁto 5%%9911 readtBr E@&"&/h@l%si?s the C2 is

rel eased ectly into the onment, thus contributing to what is now
general ly ramcemtbdnﬂmuehé“h%@Kmh@aﬁsamtbfﬂﬁ@mthanﬁdﬁhﬂn O lemedassoci at ed

ith d t hanol th d, if
expenst vy SOBAUE 81O BROR e SORTIO Bk G PP ERCan 2.0 1 s
requirgd I(Pom&éfoﬁhext 11 prIRIuBE £ 6apasistbeant With RON beivuIeE th $.8( 0 be

converted to nethanol. One such source is the excess hydrogen produced by a

st eam r ef ohlifeaugh POX esfampsirearciuseditoghatermetiraunl: moeh efthy 862 prashiced st eam

ref or mer nt .of ngas. froma POX

ref or mer hg' §§Q%I%EI rﬁ.ier%argtn ﬁgnonﬁgggﬁr@ggén% yl%t?lgs g(igetot have a SN of
about 2. 4.defibRnexeLisRirbibn iprityagsh Byd.t Aea sésaRMheRfioOn 16 of effidizacly t o convert
t he excess CO2 produced by the POX reformer into nethanol. Therefore, a

probl em adB &S Rrpesss of makinganeihanol - Ehig ipgtficiencyds compewsled H}/@lﬁogen, is
. o2,
conbi n Cgr&gbgé‘bwaape{ &H&f@g gﬁ?zaatc&%n%%lf%;hs% ARenhd €09 EIHE{ wast e

to pro I t1ona once waste’ costs assom ated with
t he produatonmgesséd atohdavith|thaCo amdid, mahihbo eventudliythe remove botetied | product
for a given armglﬂ{,} of natural gas fe Eon t he. overall

e
ef fi ci ency>V&fie %?qmwasw%fsm%alr?g@r%m 88@& sP8 e Gost ffmakingas that is
not converggfandl. EsoMéﬁ%@?%ﬁ@%ed &r&:@l@éﬁﬁttﬁéjelﬁi@rogﬁﬁﬂ@ ihe net hanol

product and directed to a sec ary met hanol “synthesi's reactor. The
secondary asetritaitiof to whattionowmendrellypacepied at iterizrechhgisepeffstur e net hanol

synth is (M5 .eactor operat t 500 to 20% i r.a | ow pressure
Vo8] 26677 TR Serpat e vt ekt Op ot PR sspbisiSians 700 por

Pr ef er abl ype thit@ni¥ed iRaChSpenbivé sdifcof Mrodeh &S Wk SldbRACA SN, gradigk t he

secondary Ms reactor will operate at higher pressures. This will reduce

t he over althamZBdinrequired ifmest of tﬂnstCQmp@meé @MuthfeP@erpfoe@gti istob®  hi gh
pressures. cogvg%’d to q‘f?e?ﬂin%? NbRe SRN% soﬂ e'ilsdt%e éegghy(\ﬁ%gén proguc%a%ur e M

steam reformer. For example, if a given amount of syngas from a steam reformer

20  has a SN of 3.0 and an equal amount of syngas from a POX reformer has a SN of
1.8, then a combined syngas stream will have a SN of about 2.4. The excess H;
produced by the steam reformer is used to convert the excess CO; produced by the
POX reformer into methanol. Therefore, a problem associated with a steam
reformer, i.e., excess hydrogen, is combined with a problem associated with a

25  POX reformer, i.e., waste CO,, to produce additional methanol. What was once
waste costs associated with the production of methanol are now transformed into
more overall product for a given amount of natural gas feed.

To improve upon the overall efficiency of converting methane to methanol

the portion of syngas that is not converted, i.e., unreacted syngas, is separated

30 from the methanol product and directed to a secondary methanol synthesis reactor.
The secondary methanol reactor can be a conventional high pressure methanol

synthesis (MS) reactor operating at 500 psi to 2000 psi, or a low pressure MS



5 reactors or two high pressure reactors. The process of the invention also
offers the flexibility to produce varied anounts of nethanol and/or

hydr ocar vom02/2d67t here i s greater denmand for hydrocarbon peDdset28mwst of

t he syngas produced by the steamreforner can be directed to a hydrocarbon
synthesis (HCS) reactor rather than the MS reactor. 10 Having nultiple HCS
reactors in series can further increase the anount of hydrocarbon
produced. wasior opdratingat00 pai tarfi0P pin Rrpferabla she MOurarteyavitlthe a8  react or .
Therefore there. i single NS tors. The

pr oduct gagregsur?re Cto e@&@geg%%%f lr%sg%% Qﬁ?\’gﬁ@f tegﬁ{g}ﬁﬁr%ﬁ%ﬁgsgne | i ght

paraf fin. Thiss;vlnnraﬂuethm&ralmdnm df syeghethabackldtreqifeosipessiones or mer or to
15 the MS reactor. AIternatlver, it may be cost effective to separate a
portion of highdressyres.r Other Fab 9418@8@@@’61@0]19?1? B¥Ing bveilovepressyee MRe product gas

back tosthg, t%ﬁﬂ%@%@ﬁgsup&%g’@ ng a portion of the product gas to

renmove 1 ner e separated CO2 stream can then be
directed to theTthroeasstcxftthe ﬂihmxonmmmsthamhxﬁﬁlﬁym pedeceatagidd by t he HCS
process is not di

carde used to e 20 furt r duct and/ or
syngas. émaﬂl‘%téﬁf ‘glr?& oLy QF‘?ILEI? eéglweﬂ%ﬁ‘f?&‘ag ?eam r ef ormer and

a POX 1 ef Hy'cﬁ%Earb&l ﬁﬂ%ﬁﬁcttn%t 6Kthe §§né'é¥ (M&ﬁ%&l by 2duearh bfRmet g vt eam
reformer and the excess CO2 produced fromthe POX reformer can be used to

make addu t diveraed torachyeaomarboprsydibesis (HGS) @a)ztomadmﬁ@dtm/l\/!tstmaqtms process is

alsou .Thus s little ste gas

o oduelS | nEaKEERYERETRS Pty baies ¢ Huihd nastrst v HdBal Soe ot her ¢ han
t he Ilght RydtoeaB60pddREAd Udbo, BiORHERE 1Yt in ik BaselteulBephOHESS and the HCS
process. However this too can be used as a feed gas to heat the steam

ref or mer ofeapox Threfosethersis @single MiSareedionandvae o8 morarHESSgariars. f r om t he POX

ot A Syngas. sRERYEANAL RO Sl Ul D, Ml SR T2 0TS 12
02/ 26677 PGEhtEei28 1Ak pre(ﬂ,lcl:gélis @naaemlhxecteﬂ badkhe tisysieas re‘fbmmr ar &t eam
reforrrer contains 20 un units_of CO and 2 units of CO02, then

SN = 315 antheMé rr@acr%r aﬁ%tetéaséélé@lg 6@43{}@@85&&6%?%@%?%@@ apgkdoRdttanol . I n
ot oo AR A g gy st e 1
reformer or purging a portlon of the product gas to remove inerts in the process.
The separated CO, stream can then be directed to the MS reactor. Thus, the CO,
and steam generated by the HCS process is not discarded, but used to make
20  further product and/or syngas.
The advantages and cost efficiencies of using a steam reformer and a POX
reformer is that the excess hydrogen produced from the steam reformer and the
excess CO; produced from the POX reformer can be used to make additional
methanol product. The CO, produced by the HCS process is also used to make
25 methanol. Thus, there is little or no waste gas product in the invention that needs
to be removed or discarded other than the light hydrocarbon product produced by
both the MS process and the HCS process. However, this too can be used as a
feed gas to heat the steam reformer or POX reformer or drive the compressors.
The syngas from the POX reformer is variably combined with the syngas from the
30 steam reformer to form a syngas stream with a SN of 1.4 to 2.4, preferably of 1.8
to 2.2.



5 and there is too little hydrogen present to nmake nmethanol fromthe

avai l able C02- The CO2 will have to be purged fromthe process. A SN of
about 2. woe2e@quired to theoretically convert nost if npCT/@EKRO1/A8IE CO2
present in a syngas streamto nethanbdt. However, in the exanple above if

t he syngas streamfromthe steam reformer is conbined with the syngas from

the POX refor an SN of..2. 0 is 10 obtained. The above, sanple,cal cul ation
assunmes that a Oéaﬁg?mghlgfhﬁs_mgass%%géea?]rrgfﬂr@ﬁléc aé]éﬁ”r‘?qlél?lgp 2 and the POX
reformer arsigeTitoiedd 2tubat of 60,28eBNI=S3,aind 1126 isf e &8GR hydleyaver, if the

nunber of syngas units fromthe POX refornmer is decreased I1n _the conbined
feed to tHECWR! oangiedpethanol Shp anethes exwgmple; if thesyngas sirgarg from 3BOFd exanpl e,

only half IeToF . eg POX r e | i n hih, .t he syngas
fromthe srtgg)grrnngl‘rsceoﬁ%r rre?6. ‘Bﬂllﬁern fﬁé}f’rgal ni n%ﬁf%% @Zsﬁg?sﬁggb éd&tg%\g&el CS reactor
to ford hyadakae oo liske ydeesu lpresehicto Siyakeg asetisdnob Aoinfikel atadlableeC O/ r eact or

will contajn units of H2, 8 units of CO and 3 units of CQ2. This wll
provi de a Tlg\ff(S; ng)]&ac}’le t?b??!lrg?ﬁtﬁ;@,m f PERSERSTett SEYHGReU b i TPguiERdy ai ned and
fed to theoMRo2QichRPCsRlert rﬂ_&ﬂfeno;t t§]|1 (Igﬂetc%?{"ﬁgﬁn@ﬂl ae%}{h%%?st@éﬂf @gen in the

process. Nor Is there any or |II req es renoval and rel ease
into the enstharminEowevei nctbe pomnplofboveiEthEGEngss stremd filom fhestbame net hanol .

The optimal .syngas feed.is then directe the M5 r t . The portion of
Synoas. t naptorberB ponBied iR Siia B0l Ba PRPCIRATIE shSRET 5pr odbor  and
di rectigd tghtan&eCcond MS reactor or directed to the HCS 25 reactor. The

steam refornmer can be of conventional design enploying a comercial nickel
cat al yst such abheciboeg saveple cdailkbembssemehilainsiqyalaneaimbof 93gads  The

reactions K lLace i-nsid b reactors ich are roxigmtely 15 m
| ong and ailrr(gnﬁ? %t%‘%l {/ﬁf?%neégfl%ﬂjfg&kﬁén{lﬂbaﬁ? %ci"mvg}g% tﬂbalI & ZB@n@%ﬁi ned

insi de a 3fs¢erbeshl Blowehanifthe nShBa v sPALE Mhigfirbm thé BOKyrefighet Rer mi ¢, thus
| arge anounts of heat nust be supplied to th\%lﬁrocess. A portion of the

nat ural gadecreasadyipithegampbingised tosthe WS reagtop e\ eatiorvell jeereassalya heat f or
the reacti 1 e i 1Syl ; -9 tubes
are tf}gi caﬁ%P?/ndl%g gel’ gﬁ%ﬁgodgﬁlﬁ)ésjsﬁ'g%an Xl‘?ﬁ@@]ﬁéﬁ%ﬁ)ﬁ@ é;rr{g ggr?ﬂ){négé& %’ut lets is
t ypi cal | y tabeyrtga850mGhe Sean refogmer. GteabimsingngSnilfin dreaattoiae HIGS ogy Vol . 5,

ﬂgip'([jgr ¢ ﬁgeé]c'torRtb fc‘?r?r? lt'x}rfcﬂrgc_;a%gri SXQ a rc;gg t t};eessyhgaesns%r%aﬁllfgﬁ toot];ze M] re%gtgr stream

will contain 28 units of Hj, 8 units of CO, and 3 units of CO,. This will provide a
SN of about 2.27. Thus, an optimal syngas feed is obtained and fed to the MS

20  reactor. There is little or no excess hydrogen in the process. Nor is there ansf or
little CO, that requires removal and release into the environment, since most of
the CO; is used to produce methanol. The optimal syngas feed is then directed to
the MS reactor. The portion of syngas that is not converted is separated from the
methanol product and directed to a second MS reactor or directed to the HCS

25  reactor.

The steam reformer can be of conventional design employing a

commercial nickel catalyst such as obtained from Katalco and designated as 23-1.
The reactions take place inside tubular reactors, which are approximately 15 m
long and are filled with catalyst. The tubulér reactors are contained inside a

30  combustion chamber. Steam reforming is highly endothermic, thus large amounts
of heat must be supplied to the process. A portion of the natural gas is typically

used as fuel to provide the necessary heat for the reaction. The pressure inside the



interior of the catalytic beds is about five seconds. The now of i nput
gases 5 through the reactor catalyst bed should be approxi mately 300

| bs/ hr/f M0 ot 2asat al yst. The conmonly used catal yst in t hPET/pR@ca8s® i S Ni
supported on a alum num nmagnesi um-9r silicon oxide. Partial oxidation
reforming is the preferred nethod of preparing syngas for producing

th | . Parti i.dat.i i . i f t I Mth 10
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However, 11053160 B5¢ gsRbCS8Ld e 1CJt£Yb/§is K&ards 29 Teéhr%légy ¢4l § to carry out

as witten:” THe process wll %g’way produce sone wat er and carbon di oxi de.
ConsequentChaptertlhe RadRasahip-Hiielssn. t Thei resiiénee sileuf the SaststredmZnsidévhepr esence of

wat er and .CO .al sp, 15 vide the caonditions cessary for the water-gas
Shi ft T eadliBA" L SRabHE heds is dpattdiestecpdy. ThETGH AL eaetam r of or mer

rel atiwel yhfiugh AR08 bad hduldbe BiRSEMaREy SRV DE/MPTOdBgdthign. of syngas.
However, once the reactants have been preheated, the reaction’is

sel f - sust aklei aegndnlyigsrd qabtedysh dedhiofroesss it Nowaporiesean aphwmingmgcess
tenperatures are tégi.ﬁalrlléxig{ZSO Cto 1500 C, and the pressures range 20
from 450 plg?%lf‘gml o) f.’)%l i\ preferred reactant (02:CH4) m xture ratio of
about 0.6 (by Malidl\Ridatibs réfghiaglid the peFetrednethba bOprepaiyRea foEC2 ar e
produced. The autothernal_reforner conbi nes partial oxidation and adiabatic
st eam r efR5pdHcHRE mpthapol; Pagial pridationyis thegactionrd nagrHae With nearly

conpl gigel ycomeﬁg‘f51%‘&90“%@%%&5%“?% stion type reaction, reaction (6). In

a second reaction zone w yst present, the nethane reacts with
steam to produce %?Iandr I—@zdeacti an, (7), in a Sfyeam r ef Il;mar. Equat i on
8 shows the theoreti*cal syfigds composition or 'an “aut ot her ref or ner,

however b t:h ter . hi f.t. I ti.on.d SQ. 0 rri. Cx2 is
present i ﬁﬁg‘ﬁé‘%&d%‘%ﬁé%é@eﬁ&%g&g r*géghﬁ’? re%%?%l l%h;é%lﬂa csagypoﬁlggﬁ%vgggn‘i n the
conmbust i onTGitecesd Rell (ldkays pradfut €somewyiet atll hasdn dioxidbe Cogécata®ly, t 0 30
optim ze a_ sel ect output syngas conposition. CH4 + 3/2 02 -~ CO+ 2 H20 (6)

VO 02/ 2667 petrpli30 1y typiealéy atiop 1 &g 1.7 Ehepresenoesofiyaterand COelsa + 3/2 02 2
CO + 3sH2 pgogiﬁgﬂge@fndﬁfanéﬁ&%%&% PR lind wEQL PR shitt ALES S HRAS M th a SN

bet ween 1.
reaction (4). As with the steam reformer, relatively high temperatures and low

pressures favor production of syngas. However, once the reactants have been
preheated, the reaction is self-sustaining without the need of additional heat. The
process temperatures are typically 1250 °C to 1500 °C, and the pressures range
20  from 450 psia to 1800 psia. A preferred reactant (O,:CH,) mixture ratio of about
0.6 (by vol/vol) is typically used, and large amounts of CO; are produced.
The autothermal reformer combines partial oxidation and adiabatic steam
reforming. In a first reaction zone, the methane is nearly completely converted to
CO in a combustion type reaction, reaction (6). In a second reaction zone with a
25  catalyst present, the methane reacts with steam to produce CO and Hy, reaction
(7), as in a steam reformer. Equation 8 shows the theoretical syngas composition
for an autothermal reformer, however because the water gas shift reaction is also
occurring CO,; is present in the output syngas stream. Some CO, ig also produced
in the combustion zone. The CO; is often recycled back to the reformer to

30  optimize a select output syngas composition.

CH, + 320, - CO+ 2H,0 (6)



5 The reactor for an autothermal reformer has a refractory lined pressure
vessel wth a specialized burner, a conbustion chanber and a reaction
chanmber. wOhz2dsaT ner is an inportant el enment because it nPgEEStIMs106et hane
and oxygen in a turbulent diffusionrlO-ame. The flane core is often above
2000 C. Consequently, the burner nust be designed so the heat fromthe
flame core. is transferred away 10 fromthe burner. The catal ysts used in
t he aut ot her malCHef or néL,0are very>simlar (OOp-tBage used in @ steam
refornmer. The reactor outlet tenperature is typically about 900 C to 1000

C though as stated the tenperature within the combustion zone is
consi derabl y hiZhEs .+ TRE Pract or Pressure 2LQbdRHBG0HE 148D psi a.

Conbi ned reform ng conbi nes an endotherm c (heat is added), primary 15
st eam r ef chmrditothicrpalgpfoanet predvdes syngeawitha SN betavsen ) ,6 anddohdary oxi dati on

efor TR LSS P S50 OO L oS R L e ot

gas is'fed to am rerorner are

gas is therssebivithdageviblizedtbuened Hesmtiatibn elanitat whidh ré@dso@élthnbey.gen and
introduced to an  autothermal refaqormer. The advant age of conbi ning the

st eam r ef oFFENIRGr ihan Kepornbelemepidersnse itangenthe methaneand SX¥Eendn aabout 2 i s

obt ai ned. tﬁilb?l?ent Hﬁﬁl%ﬁ%la‘i&e Tﬂ%ﬁﬁ{]&&gﬁ!of{e faB&%OO@B’rC?l(yorIs (ﬁ%&t gns as a

1
secondary reforner oxygen ~consunption’is Jdecrease hus Y'ng the

costs of phetuabi st Yeakkbighediso thehedtfioag thal feeheidisttfanbicgBe bwayper at i ng
pressures, which reduces conpression energy requirenments for the nethanol
synt hddi s freadhe bisnen, dhggptabstshsrd ingha aslothsimmalaeiormer are yenvoimian | v

&8t s fedic PEendheagibriiant Plores a dell Iy
et hanol ' 112 se e maep bl SRRt BT fert bl PERAEY 00 e

syngas entaboitn@)0e et 10906 thyupghhesiated the adipaturEheitiaa did dopibusioC2 -has two
effects on nethanol synthesis. One, the CO2 can react with the excess
hydr ogen B8 ifconsidaraBlychighen The seasior prassyse sscibent 3 ted280 esicaccording to

the well known wmater- i I . . i ft reaction
provi des a route t@hﬁgﬁoﬁhé %or@ﬁ%ﬁ%&ﬁd&ﬂ?ﬁrp&@ %’33@% %J{eggigfn ég”m ref or mer
and/ orl5t hestquar tef@ineo xiithen exotheahior(het is rEvased),vecdsddry sxidaidai nati on with WO

02/ 26677 PCJ/USO1/ 28106 _ -11 the excess, hydrogen can be used as_a carbon
source to mﬁnﬁgqgregg%ggnicpn IW%th@Nal?%l%gB]éGfth?.D@W@ gsisfedn theory,

e R R RO 80 S ARGATR 310k e
blended with the other half of natural gas and oxygen and introduced to an
autothermal reformer. The advantage of combining the steam reformer with the

20  autothermal reformer is that a SN of about 2 is obtained. Also, because the
autothermal reformer merely functions as a secondary reformer oxygen
consumption is decreased, thus lowering the costs of production. Combined
reforming also permits higher operating pressures, which reduces compression
energy requirements for the methanol synthesis feed.

25 One way of making a steam reformer economically competitive with a
partial oxidation reformer in the production of methanol is to feed CO; to the
steam reformer and/or to the produced syngas entering a methanol synthesis
reactor. The addition of CO; has two effects on methanol synthesis. One, the
CO; can react with the excess hydrogen produced in a steam reformer to produce

30 more CO according to the well known water-gas shift reaction (4). The water-gas

shift reaction provides a route to more CO if the CO, is directed to the steam

reformer and/or the partial oxidation reformer. Two, the CO, in combination with



econom cally conpetitive with a partial oxidation reformner/nethanol
synthesis. 5 However, the unavailability of an on-site, clean, |ow cost CO2
source pvegent@7’a real world problemto the CO2 sol uti onPCHUR01Z81@CeNt
study highlighting the value of addird§-CO2 to a nethanol synthesis process
see, J.C.W Kuo, Chem cal Reactor Technology for Environnentally Safe
Reactors and Products, p. 183-226, Kl uwer Academ c 10 Publishers 1993; S.C
Nirula, SR e¥esynerogsngan bppedeass RERORSAICS irprghesmpiconethanpl dy No.

87-3-1, Oghe S99 Dorf2/ERY 1. fnrtﬂéﬂrgﬁ e hdHifs ¢ EONR a cdhBIG&P SteanECONOM CS
Program Report No. 148 estinmates 15% decrease” i n the I nvestnent cost
associ at edefarmbr/mthanolrsehthesis (RR/MS) poRessworgd dnake RV groness hanol . The

oo b | aied fromfl . _howey f | t ypi cal |
Contofma. S EHR i ot B SR B AR P
| mpracki Caliovwait,3Be Ahavelabilithbfan ohlsite HednSloPcdicad dedct ?1|'G§eI§§ gam r ef or mer

or a process syngas stream a convenient, clean, virtually zero cost
sour ce i s radevull prRklear toitheyCOp splugon.1, a gas feedstock 2 conprising

o gas, s rodreehe PRl the Rt o B0l Bendidls ' The pox

reformer 4yntgsivprosedsees, eHCIWORLE Crulioll (Rebeel Te@hologporor a fluidi zed bed
syngas generator, preferably an autothermal refornmer. An oxygen contai ning

gas 8 is diaaoppaiely Seie Reastors arddiredicts, p. A8t236¢.ddrver Agademid fed to the
st eamqpef atql he product
gas. s ean Rouhes K0T SRR iR Jo RleRREUAATRARG, FRORGhE, SRR prr)

aut ot her mReviet Dlon®T-3i 15 Owel@90.C)Aqep(trhﬁomySlg]alslgdrﬁaéiom_}_lﬁHme@ by Ei he POX
reforner the syngas may be cqol ed and/or p roi ied. The treated or

unt r eat ed @?H@ék"%%ﬁ%@%’&lﬁpﬁgmé&g €3 t@ﬁﬁlg oslerigatsap thr inyesaettc
CO”poundS1cobtrbf§£dé‘§lalt&9wﬁﬁts{%%ﬂ1%fo%ﬂﬁlglﬁ‘@(‘B?@ﬁs@@(ﬁ:‘% Pl LhaRd10G4ELS. After

exiting the POX reforner 4 syngas stream 10 irected toward the HCS
30 r eact orCQqanttiegediBmelaodn flug gas; hawsvar dacauis flue gastypioalby catdiona t her eof .

The t "directed" when.ref i t . ! t f e invention

Toans I hac EEREfmeRR S S arePthebl. BiPaoRR R Bt dr cof v 1 |

event ual | yrh\ﬁQi@@b%@@%%&ﬁ&é@%ét@ﬁﬁ@&om&%xﬁ%%éé@stsg&@&‘s Steatnegd process unit.
e

Thus, portions of a stated process stream nmay iverted fromthe stated
process stooswuenicndyclepn; situely gerogosispuicais wagdeduri fi cati on,

Referring to Fig. 1, a gas feedstock 2 comprising substantial amounts of
methane, typically natural gas or a refinery off-gas, is fed to ;51 POX reformer 4
20  and a steam reformer 6. The POX reformer 4 may be selected from an
autothermal reformer of a fluidized bed syngas generator, preferably an
autothermal reformer. An oxygen containing gas 8 is also fed to the POX
reformer 4, and steam 3 is also fed to the steam reformer 6. The operating
pressures and temperatures of the product gas stream 10 is 300 psi to 1200 psi and
25 800 °Cto 1100 °C if an autothermal reformer is used. Once the syngas is
produced by the POX reformer the syngas may be cooled and/or purified. The
treated or untreated syngas may then be used to produce a number of organic
compounds, including methanol and hydrocarbon synthesis products. After
exiting the POX reformer 4 syngas stream 10 can be directed toward the HCS
30  reactor 12, the MS reactor 14 via stream 13, or a combination thereof.
The term “directed” when referring to a process stream of the invention

means that the contents of the stated stream or portions thereof will eventually



conpression unit or conbined with another process stream before contacting
the stated process unit. 5 Oten the natural gas source contains

signi fi cavoozewonts of sul fur containing conpounds whi chpaesoEs106enOVed
prior to entering the steam refornerd2and the partial oxidation reforner to
prevent contam nation of the reformng catalysts and the other process
catal ysts of the invention. Consequently, the t hane containing gas is

pr ef er abl yO&aFt 'g\sé@t@rprﬁefé% ugsf. {lps, PArHoRy,P watg&ﬁf%m sH§2R I NFnds bef or e
bei ng i ntraouea j : Iﬁﬂfh ae refornmer 4.
Any convencﬁl onaﬁidé%gfe;&n%%?ﬂ%‘og?sgtgﬁ%%&sozfd%&d Fd;érgéi nglog’t ep ggn de utilized,
such as a qoahkesdionauhjt oFygpinbalel withcangthenpitoaessisgdarnbefore cantastingéhesuch as 32- 4
obtained fr Katal co.in 1/8 to 3/16 inch (3-5 nm) spheres can be used.
Systemteﬂ%%%ﬂ?f’%?upgnge bet ween 200 C and 500 C, and 15 nore preferably
bet weens 300 C. @fich theDafiral BaesRA@mMUMQsitifodbRUGHs bhquked should
preferably be between 400 and 1000 standard cubic feet per hour per cubic
feet of bewntading pompoyds dichbnyst e reveevedgodr imentgdeg e sisdar d cubi c f eet
per hour [ bic.feet. of .bed. ln a conventjonal hydrocarbon synthesis
rocess, R ifiny Bbis baB8Gnrs RrBeCBRR ! SatbpUabEsRh roa "ty

cont act i ngefdigitgZcatdlghtERAdNhE bihar procésahrlysts cFehemvditpsch type HCS

catal yst. Suitable FIscher-Tropsch catal ysts conprise, for exanple, one or
nor e G ou-snspqueRtydhe methane eoitaininggs ipreerably stripped efmosi gfthere.

oo or U s el SbpfBRl Rith 68h2ntddifhd fp S 2 1 BIRUE B 0T 0 and
i n](c)rga[li c raﬁr?af)ﬁémd ’pﬁg&bb’nhaiél’. @nﬁgcﬁtvahdlqnaf[ba@?wmmffgnfzﬁmﬂfates one or nore
refractory nmetal oxides. Preferred supports for, cobalt-cantaining

catal ysts rewmigsseptqa@ﬁiuaﬁze%am EGPAFISH Bike ToBifBI B Frem e y HCS
process i niyhble BdNSBIIPbREHEPRomISHAB) in Fedo 5/16YRBoEhs, primarily
paraffinic |iquid hydrocarbon products are desired. e hydrocarbon
product s ppheies ezh byused. S¢Seprtenpastussseangefictwtdny2080 Clyndrsadeqd, aml f or m

sui tabl e products such as, synthetic crude oil, liquid fuels (e.g., jet

and diléselmoreprefgmblyclatveen 340, Guand #80 “or Thesnase Nalocisy throughyile rocar bons,
| efi b . i i . i 6677
o111 (gl M TSR G BBl WO ORL2O0TT

enpl oyed ifeettdfded, and more preferably between 600 and 800 standard cubic feet per hour

per cubic feet of bed.
In a conventional hydrocarbon synthesis process, liquid and gaseous

20 hydrocarbon products are formed by contacting the H, and CO with a suitable
Fischer-Tropsch type HCS catalyst. Suitable Fischer-Tropsch catalysts comprise,
for example, one or more Group VIII catalytic metals such as Fe, Ni, Co, Ru, and
Re. Typically, the catalyst comprises catalytically effective amounts of Co and
one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg, La on a suitable inorganic

25  support material, preferably one which comprises one or more refractory metal
oxides. Preferred supports for cobalt-containing catalysts comprise titania,
particularly when employing a slurry HCS process in which higher molecular
weight, e.g., Cio products, primarily paraffinic liquid hydrocarbon products are
desired. The hydrocarbon products produced by an HCS process are typically

30 upgraded to form suitable products such as, synthetic crude oil, liquid fuels (e.g.,
jet and diesel), a lubricating, industrial or medicinal oil, waxy hydrocarbons,

olefins (by, e.g., catalytic cracking or steam cracking).



process of the present invention. One design is simlar to that described
inthe article entitled Fischer-Tropsch Synthesis in Slurry Phase by M D.
Schl esi nye0 02/36677 H. Crowel |, Max Leva and H H Storch i nPEngseeasioong and
Process 5 Devel opnment, . Vol . 43, No. -@3(-June, 1951) pp. 1474-1479. The
article describes a synthesis reactor utilizing a precipitated iron
cat al yst suspended in a cooli ngjgoi | . Such a reactor should be sized and

T

oper at ed under Mamadificens Fisshasr apicd regstar slesigpbean srmrleyridr dicon of car bon

ronoxi de |90y GALbAN A A0HC bR ABe SR (i Oy inib igactor used 11

this process s e opera at a pressure o sia to 500 psia at
a t enper atantide efititBAFi&Chien TAQPOcHCSyrivheses ijprSdirey Bbidsg bytMeD. fehdsinges Jshoul d be

150 psia t 00 psi t at rature 240C to 0 C. A wuniform

di stribut ilgr&r(? eﬁﬂ@ﬁ i"%a?‘_ggpdﬁg @r‘i.lj‘rf?l%ﬂﬁeﬁ”’%?@ "% reactor cross

secti 08 i HABKBHBA, Wl U328RI _@(ﬁne,q@@mbd@nagmﬂwzem bifSledeSdribds §as bubbl es
and the slurry medium containing the di spersed catal yst particles. The gas

di st ri but cyntbSsisraacoontilizing e presipifaiadasonoratadyst suspendadah agpakingeis. The
preferred ce velocit sel ected for .optinal ,r.eactor. g¢onversion,

0111 i ency 0 Arpastrabo e Sz sabnporpied PRder PagiliBRE oProdiBRI56 hr-1 1o 270
hr"1, and Jwest 909 86:@8Fcddbry of ¢adBnAABndiidelintPhydRbcaMonlprodudiCaridertdodr di amet er
shoul d be selected to give a feed superficial velocity (actual volunetric

f1 ow r at e d¢xiflaebheyeegetor uiodiiadus pipcessshguld bgeperatedabs prosare poHY area) 20
f 0.33 feet d.to 0,66 feet, Th t by weight of
the " 10 ogBig 3003 Acne srfasreiits os28h R8T P Marl BB G kery by wei gh
of iron i nyrbddfre shbuilirpé mrp@iaga@b@pag!ava{ehwm dre4d< & Jereeent by wei ght

and nost preferably about 10% by weight of the slurry. A heat exchanger
wi t hi n t hemsfoomrdystrieatonod sisthesefted gas emformly dwossdhgreadbr envsrunt s of heat

produced durjing hydrocarbon.synt hesi.s. The bubbli.ng act.i in .the slurry
Dt oduces AHCUTIH P BPTERAS TN TS FOP L RIEa T B At HE P PRI PR hear from
the slurr yhé glubRendiBah cBxahaOBe dis?@x%ecpéeﬁil%t&ﬁﬁid]!@at’l“h%rg@ﬁl 8is@fbutpedi um i s
pressurized water introduced into the bottomof the tubes via concentric

torrpidléa| mppneorisist gEoriffes onnetens metrd sRpsEeS HENe Piederrad s;nm,e_ yeldséy whi ch f
provitss gﬁeie%{e%ef?ggﬁ]néaﬁ%%ﬁ{cﬁof}’E%Lx? r§i§1§%h{ac}i? '8‘%2& {r%@@p%} Led §fpneat transter

fromthe urry ng wa urry tenperature to be
near |y unigreferablnfomgtooutr’ the70 Belc bt modirefetbipRomta40aroto 300hrs) urry can

be controlled by a conbination of the height of water. WO 02/ 26677
PCT/ US01/ 2Bxosactoridjameter should be selected to give a feed superficial velocity (actual
volumetric flow rate of feed gases divided by empty reactor cross-sectional area)
20  of 0.33 feet per second to 0.66 feet per second. The percent by weight of the
foregoing iron catalyst is preferably from 5 to 15 percent by weight of iron in the
slurry more preferably from 7.5 to 12.5 percent by weight and most preferably
about 10% by weight of the slurry.
A heat exchanger within the slurry reactor is used to remove the large
25  amounts of heat produced during hydrocarbon synthesis. The bubbling action in
the slurry produces an efficient heat transfer medium for transferring the heat from
the slurry to the heat exchanger. The preferred heat transfer medium is
pressurized water introduced into the bottom of the tubes via concentric torroidal
manifolds. The water undergoes boiling in the tubes which provides a large heat
30 transfer coefficient. The efficient heat transfer from the slurry to the boiling water
allows the slurry temperature to be nearly uniform throughout the reactor. The

temperature of the slurry can be controlled by a combination of the height of water



in the tubes and the steam pressure in the tubes. In the invention, the
steam generated in the HCS reactor 12 can be directed to the steam
ref or mer VO v/26675t ream 3. Therefore, the costs of produci PgTAURE/St@am i S
reduced. Iron based catal ysts are thd4preferred catal ysts used in the
slurry FT reactor 5 due to their low cost. Mst preferably, a precipitated
iron catalyst is enployed. Oten_specific_anmounts of al kali netal

pr onot er s 1gike %}H%Fe@dttbe stewn peassyrp dn theehes c & Beinynbandhe stam i s produced.
Rel a1 Vel Y, 68 ATUAES 1Bl 58uh PREAL) M bl Boduct t over

| onger -ch e Sma armun af result in
predom narntﬂeymg&aSHmusfoﬂfeymecaoasbﬁprorlumdgme steﬁnppeeducam 10 al so be added in

smal | anmounts a§ algl i uction pronoter cont i, nyi n rgéﬁrence to Fig.
1, after a portfYhtd P‘H%lyﬁfé)"“%t e ppeireed “@ yed 1t &W FBERT pr oduct 16
i n the sHCSy 88 @l 10\9(:'2<>ostt hgof %%Blygﬁ‘ﬁre%ﬁnta%%ﬁ' dﬂta‘ﬁ%tgq edC2, and HO

(steam) is separated fromthe hydrocarbo product 16. The product gas 25
can be varQfgi gpedlfnc@mc@dtsmf atkali Tsttalamemefent are added1i6 coteolshe eam 20 the POX

ref or mer VI a trea nd/o tor 14 via

bor 41 o of SkEeBaE e el Beriducke SRR SL Bt mpamit & wfl B8R o
process. Abmedhmtue\{ﬁbdmct RAFard Riage0éhai@ofechles athiRent@RAi i r om t he
product gas 25 with a CO2 separator 18, shown in phantomlines in Fig. 1,

to producealielijastal muliin predomgmenticgaseoys hydepserbopmsgsict.i Gappafcato2. The OO2

conte can 5% re typically ranges from
30%tgt0900/aléorrh¢berae(ﬂ§$é %Irl Bﬁ?&ﬁbg%s\?\%elﬁag%%ﬁ nd‘%étﬁgf The CO2 in gas stream 22
can then be varWahlcgnthuiegiefeteiiod tothe 15hRam poefial sfthe C€Oviml Bikeam 20, the
POX reforner 4 via_stream 21, and/or the WMS reactor 14 via stream 22 to

produce a Cﬁpé%r&qdetetl@émﬁarbpapmdu@d@ orias Hefrerddon e thepgodyst ges or 14, The
concent r at N ting the
operati ona‘i ?l{phé@g tér C? aﬁlar%g(sg%g Ei%gga&gﬂ% 1Jg/mal n Hﬁ of the
product gasodictil6. hegmdlutm)gaseﬁmmbemmabdyﬂmmmdheh@stmsﬁoﬁmﬁﬂlmr directed
back tq the refor 0 sepayr.at i romthe product gas 25
is by ]§SI n‘@aéﬁﬁe%ﬁcﬁﬁ%g&% Egﬁ’ %@P‘E‘g’ﬂ ?‘é‘{)g‘i}%é) 288h {4V i ng about 30%
pot assi um garhonate ortlghro?ﬁ{@p%éddc% ng%ﬁotpm%ydgbrérﬁ@V&ﬁéﬂ%qH%@ sol uti on

at a tenperature of 80 Cto 150 C° Modifying the pressure of the stream
will requiprecesptim zi ng the WO 02/ 26677 PCT/ Us01/ 28106

Alternatively, portions of the CO; can be separated from the product gas

25 with a CO; separator 18, shown in phantom lines in Fig. 1, to produce a gas

20  with significantly higher proportions of CO,. The CO, content of this gas can be
as high as 95%, but more typically ranges from 30% to 90%, more preferably
between 50% and 80%. The CO; in gas stream 22 can then be variably directed to
the steam reformer 6 via stream 20, the POX reformer 4 via stream 21, and/or the
MS reactor 14 via stream 22 to produce a preselected ratio of CO, that enters the

25  MS reactor 14. The concentration of CO; in stream 31 is also controlled by
adjusting the operational parameters of the CO, separator 18. The remainder of
the product gas 25 is purged to remove inerts from the process and/or directed
back to the reformers.

One method of separating CO, from the product gas 25 is by using an

30 aqueous potassium carbonate solution containing about 30% potassium carbonate.

Stream 25 is bubbled through the carbonate solution at a temperature of 80 °C to

150 °C. Modifying the pressure of the stream will require optimizing the



-15 tenperature and throughput for a given absorber size to achieve the
sane or simlar desired reduction in the concentration of the carbon

di oxi de iwobhzegas stream 25. The potassi um car bonat e soPOT/USH/BONG ai ni ng
the dissolved CO2 is then heated inla-separate vessel to drive off the
absorbed carbon dioxide 5 preferably at reduced pressure with steam

stripping. The resulfin tripped. solution is then returned to the:
absorpti OHGWBE@EIFG?@téﬁg@}%ﬁut@%g’é’ﬁﬁlﬁwrbﬁr%?&ac TERSIAMEHh 25. O her C2

ext ract i ongRLNRESdRlhctAAN L donbfrafibh gF cBfbon A QYR4nd Bast € 1 nvention.

The product 16 exiting the HCS reactor 12 nprises-a variety of synfuels,

10 i ncl udistgaiuS. nbite patasstueticarbor@le ©r@iquanoafaimsg the4lisged Céhiins, aromatic
hydr ocar bops,, unreact ed syngas.,, and Typical | | ong,.chain, paraffin
waxes ar gﬂf)r*l?)ecﬂfgéﬂ aisﬁpal—rl%%V%?&Ut"o‘#“vfggt’]?ﬁégg’ﬂb%rcéﬁoprﬂ?@g%‘? oducts are then
sel ect isvelptefefBRVATEARed Broséifte dehistch MR aThORsRliAg WelppePy a hydrocarbon
refining unit 40, as shown in Fig. 3, at elevated hydrogen pressures with

or Wi t houtsob#iog|is/thes retymmed isthe absaaption tassel so dhserbamerepartopdtiogdn pressures
of about | n t rat f out 300 C.to 600 C. The
refining ?%é@%%@%%%c?gﬂgmfaﬁgﬁﬁ’f rogggg%%?(f‘%‘ggg}ﬁlgl fclaﬂgeand/ or the
hydr ocr ackénfidéyedldneid ingérition. of the n-paraffins to iso-paraffins. The
refined hydrocarbon mducts_ typically have excellent conbustion

properties and Meiarodt & exigiag theldCaeeackgdAcompriase yoicht ofrsglivelenent s 20
of aviggti qﬂcmgig ouiHmiRRANE 1Y bt ¢S BRAAL Srddiflude det ergent

f eedst ocks, cl ol vent s, Obri cant 0CKs, and waxes. One
pot enti al lydincadoos, unhmcted dyogeancda®Oh el Yiellys leagchah qrapefinaxét | east a

portion of the exces dr ogen, produced by the steamrefqorner 6 can be
separ at ed ByPIFLFRS lﬂmreﬁ bhe i}ﬁessmalfaﬁ@%g; peqdupts afer?hf’li‘\%eqea‘il‘tv?lyThe known 25

separ at | OrgofRérRAds e WdsHEEh FRDMERSH HD@hctE 'by%gfgﬁf&afﬁﬁh hosting BRI, ane

separations, and pressure swi ng absorption”(PSA) unit. The process of
separ at i ngps showen inyBigodent elerv ated hindrogerepnessuedsovitheor witlwoit catalysts.e®he 30 i s

depi ct,ed by.hydrogen ep or 36, Fig..3. lt.d be. under st ood that the
| ocat i1§n ﬁ{”ﬁg %l?%eé%[ﬁ a@@g‘ﬁ?é@&ré§ge§8ﬁg}5’é‘t %)%@fot%oﬁﬂ_é’&lgaf‘mgt her |ocations
Wi thin t haeRpeaRes JIfabbiiS003€ th BOERET AMe rSithlk Adcdkidthiy BliRamMA2. The M5

reactor 14 is fed by the syngas stream 31. Syngas stream 31 conprises the

syngas pr dydeaggndtiopraftobedins taedior thefhydrmeracBingiisonserizetion 80the anmiraffias |
to iso-paraffins. The refined hydrocarbon products typically have excellent
combustion properties and will often meet the stringent freeze point requirements
20  of aviation fuel. Other potentially value products include detergent feedstocks,
special solvents, lubricant feedstocks, and waxes.
One potential source of the hydrogen can be the steam reformer 6. At least
a portion of the excess hydrogen produced by the steam reformer 6 can be
separated by means known to one of ordinary skill in the art. The known
25  separation methods include conventional cryogenic methods, membrane
separations, and pressure swing absorption (PSA) unit. The process of separating
the hydrogen from the steam reformer product stream 30 is depicted by hydrogen
separator 36, Fig. 3. It is to be understood that the location of the hydrogen
separator 36 can be positioned at other locations within the process of the
30  invention, such as within stream 42.
The MS reactor 14 is fed by the syngas stream 31. Syngas stream 31

comprises the syngas produced from the steam reformer 6 via stream 30, and the



WO 02/ 26677 PCT/ US01/ 28106 -16 POX reformer 4 via stream 13. Stream 31 may
optionally conprise gas fromthe product gas 25 or the separated carbon

di oxi de swoezmi622 as shown in Figs. 1 and 3. Cenerally, PGDUSYIR8$060f

met hanol synthesis reactors can be ug4éd in the invention; a slurry type
reactor or a conventional, fixed-bed reactor. The reactor 5 operates at
pressures from 200 psia to 2000 and may require that the syngas

st r eam 31 B eefpimmerdsvia sigpann 13 §§§r€3hﬁ%§§spr}aﬂa{ qompsice ges Geméhe ng the MBS
react or 1‘%:(%?@3%%%&?% Eeg)a{a@élfé di&YYd?&Péa}ﬂu%’ie AMEGAY 74 :'aP of

reactions I'nvention may I nc one or reactors 14
in series JasGakmlly, tiwo typ6s i igethZnol Thethesiy ieagoBfcahBe nsaicihahes 14 el i m nates

the need to recycle the unreacted syngas, .apd hence repressurize the
recycl ed daeentighed i}mw@éaﬁ%%%aéww%ﬁpm redaeadgractor’ | hegapidiy o

secondary dﬁ&a’ié@%@%&"ss&éﬁ ﬁéﬁh@O@EEﬁ%@Qé@ ]g/inzQ ahd ﬁfa?%é@ 1RQEALGhS %yggggwer sion

efficiency wthout recycling. Eventuall the unre ét ed syn resul ting
from t he rsgeahilldleyompressaiwih sigencoreprhssnn?4 prioctesstesingshelMSect ed to a 15
HCS reactor %2 \Q(ni ch converts the remaining CO and H2 to hydrocarbons in a
rel ativel y°#iYH%onversi on process. In one embodi ment of the invention

shown in Fig. ZRechit® dffhd inBéreMSowRRailDEiumldbnk&rsnk bftbatidRseandet hanol
reactor which converts a portion of the syngas stream 31 to nethanol. The

resul tant (Aethhamentiennaxiindludy apreyaeore dhtteaetowst 4 nspriesxy shewe dtol ed to
CondoNDe (HIF AeARRks of NIRRT AHEHDR Al hidlio TELERNRL ySLLgM 34 and an

unr eact'ed ngas Stream unr eac gas stream i'S then

passed t 0 s§ngRNMRITidn0s Bdpreasifeins fecled S&C The vhfcacted soOFIEEFdm MS | east a
portion of the unreacted syngas stream 42 to methanol, ther eny formng a
second net!Ree 14 is fodeigrn ssaondapoMiy repdori4 ia shigamA2¢ nacieaseriyseill st reans 34

e L B L LA
M5 react orresudtinghiadmlths laivelyalswroequérsies metiempt @esesses it dirbétghtora oper ati ng
Pho 1 o prSS G RA? Pt Brverth e BB BAF: & REGRISHoman ehe |1 qui d”
phase M5 rBRAEVAY hith &%Qe@%n%%/cess?o conposition that is an acceptable feed
to a conventional gas-phase nethanol reactor. A typical conposition would
be 50-80% H2, 1I0-086%mbalintenpafthei®vention shown in Fig. 2, the initial MS reactor
14 is a liquid phase methanol reactor which converts a portion of the syngas
stream 31 to methanol. The resultant methanol-containing syngas reactor effluent
20  is cooled to condense the methanol, thereby producing a first methanol stream 34
and an unreacted syngas stream 42'. The unreacted syngas stream 42' is then
passed to a conventional gas-phase MS reactor 14' to convert at least a portion of
the unreacted syngas stream 42' to methanol, thereby forming a second methanol
stream 34'. Both the first and second methanol streams 34 and 34' are recovered
25  as product or for further processing. One advantage of using a low pressure MS
reactor followed by a high pressure MS reactor is that less syngas requires
compression to higher operating pressures, because about half of the syngas is
converted to methanol by the low pressure MS reactor.
The composition of stream 31 to the liquid phase MS reactor 14 can be any
30 composition that is an acceptable feed to a conventional gas-phase methanol
reactor. A typical composition would be 50-80% H,, 10-30% CO, 5-20% CO,,
and 3-5% methane and other inerts, with a preferred SN ratio of 1.4 to 2.6,



and 3-5% nmet hane and other inerts, with a preferred SNratio of 1.4 to 2.6,
WO 02/ 26677 PCT/ USO1/ 28106 -17 preferably of 1.8 to 2.2. Syngas streans
with a SWoate@7out side of this range can be processed bpCT/801/28v@Nt i on,
but the efficiency of the systemw |}1tecrease. For exanple, if the SN
ratio falls below 1.8, the unconverted syngas would be difficult to
process in the downstream gas phase MS reactor 14' because of the hydrogen

5 defi ci enpipferalyued éid, toé’e’eaﬁwaﬁ)?trqaﬁ@ with yeNgabaesids of Rysrasgesaor oduced by
the steam 850(3%&?& bg the%ﬂ@%ﬂtﬁ)hfnﬁ@ iﬁé@#}i&%ﬁc}p%fl tgé( g%?&f?@v @cr@z%@r Yy @l ways

avail able I'n as sfrea ase reactor 14 can be
any suit abbﬂnﬂp&@,afﬂre SMratﬂo falds beleyodH, dqeahcomaﬁedtsymysavomhibd diffiardt t he feed

gas to net hanol h reactors ar descri in U at . Nos.
3, 888, 896 MOWSE@&I SOWAsHeaEL 8 %éﬁelMétfe P“ﬁ’i@?‘sm he%iémg%ct or
consi st Oﬁef?@e&?t H’o‘%vé\’&%f I'B@&Qllse SRk ﬁ@gé anga{t@bmdm%émwﬁ%&iby Phean i nert

hydr ocarbon |1 quid, usually a mneral "oil he synthesis gas "is bubbled

t hr ough thdeamm‘b;mer @ishffiviont ameuntk of kydogeurare vearlyf alwhys #Rjlatdoiand CO2 i s
converted {0 net hanol '{wo operating nodes can be used: the catal yst can be
15 pel | et - BeS¥BEBEREPP A di zed by the inert liquid, or a powdered catal yst

can be containgfe hﬁuf&i%aéd M8 relactérof4dal BeAn$ biitdbYe reddtp wRichys the |iquid
phase Ms react or operates at a pressure of 400 §SI a to 1200 psia,

pr ef er abl ycam@blepficanyestis®e ppeioa of thmiged gas tgymﬁjla@olat whrremtorsgfe not within

this press I act or
t enper !a(?urg Sggh&ggle[f]rso%aﬁg@?ée?@e%ébo%gf grcea?1 (lilflgggtt {g%rrper atures from
230 C to 23%05%05Th&he eactod cosdiascer aedcted m\ethanowjfhﬂ&sw@ﬁtafﬁ'ed per hour per

kil ogram of catalyst is preferably between 4000 and, 10,000 for the slurry
mode react évspélg@datl iaame&&wdwawm ioprh ysuahly aonimeTal 61l tlihe synthesii 886d  node.

Since i oh;Rglch (3en BRGNS ISnANEe ARDIENAMiS: ok b, Lbatidhase

nmet hanol reacto anount syngas e systerﬁ ¢an be I’ncreased
25 signifi mamnkzgﬁedﬁm nacthasll Twombﬂaﬁngtnoﬂemhmdmmad cthelcdjaiystmanbased wi t hout

tsih(r:;g: Zﬁgas p §L¥e %Bgﬁﬂﬁﬁ%eéﬂ’ tg% gtj Y%tg?aggghgr\é c tﬁ 5§ ‘{)aa&%g(:tplhggewr Eagc?or
cor %, Y GG, e g 80,590 1 e, ks LRt g Colum
enpl oyed adé okemaien aby presowe o§ 400 pwaltal k200 peiagpieferably 400 psia to 600 psia,
and the syngas stream 31, if not within this pressure range, is compressed by
compressor 24. The reactor temperature can be from 150 °C to 400 °C with
20  preferred temperatures from 230 °C to 250 °C. The reactor space velocity in units
of feed per hour per kilogram of catalyst is preferably between 4000 and 10,000
for the slurry mode reactor operation and between 2000 and 6000 for the fluidized
mode. Since high single pass conversions are achievable in the liquid phase
methanol reactor, the amount of syngas fed to the system can be increased
25  significantly. As a result, methanol production can be increased without the large
cost and equipment necessary to achieve such produption with a single gas phase
MS reactor.
The catalyst used in the liquid phase reactor can be any known methanol-
forming catalyst, such as those listed in Column 4 of U.S. Pat. No. 4,031,123.
30  The particle sizes of the catalyst employed are known by those skilled in the art.
Average particle sizes may range from 0.00002 to 0.25 inches, depending on the
bed type (fixed, fluidized, or slurry) and liquid flow rate. By varying the catalyst



Average particle sizes may range from 0.00002 to 0.25 inches, depending on
the bed type (fixed, fluidized, or slurry) and liquid flow rate. By

varyi ng twe ozateal yst WO 02/ 26677 PCT/ US01/ 28106 - 18 conpowiusiiasi@ms wel |
as the reaction conditions in the reat-or, higher aliphatic alcohols may
be produced along with the nethanol. The higher aliphatic alcohols may be
condensed and recovered with the nethanol  as a conbined product, or may be
separ at ed eavapasiiaasell asshereaglinn sondriens j tha peactorshighakiphatisnbodi ment  of
t he |nvent| o i simlar
to the enbd {;hr%%{nq? 34 hgﬁg%df @BH%IMHI ﬂ%’ lghﬁa%éc g];tg :‘@ﬁ? ef%%%qgggl@gl%dtlléal

oxi dati on maf bereiidehsé¢dBarddrecseled mﬂn@am@hmmtmmommmd}pronuap@ss. A gas

f eedst ock 2 corrprl sin bstantjal anpunts of nethane, typically natural
gas or a P@YDREs f@?‘?a@%’?“'?‘é@r?%@Wdémlﬁ@%ffr%@‘%ﬂtrrer 4, preferably an

aut ot hey mal ref %ﬁﬁ'&r erﬁrof‘Hleﬁ?‘Mgﬁﬂmg&ﬂkﬁﬁ' 15‘Hé§3r19§<§1r189a'rﬁnqﬂ1 0 digiected to the

POX reforner 4. e syngas nay t be used to produce a nunber of organic
conpounds, emh@dlrmtnrng snmﬂa”ram te enzshwdirhgrd just dessobed with tleséxseprondbaitas.  Af t er

exiting thearg?gx r.ef orme J;e é)lr duct gas 1 be diregted toward the
HCS react of OXIFMOREE é‘ﬁﬁrt Js theys ?éyngéggeé’&m ﬁrénn%erprﬁc??é i &4t i on t her eof .
A portion efqdthb& Pﬁ&ﬁﬂﬁﬁlngﬁ?os‘?aﬁuﬁ%ﬁduﬂ% GMt%eF%daﬁ?ﬁ&ﬁal 3ds ories directed

back to the POX refornmner via stream 21. The reémining portion of the
product gaeefmery effgas gefdd tmmBOKrreﬂmmpr i@r@fﬁtablyr@ autetheras! r@”@mmjr 12

paraf | 1. pRopitdorpiny By § s G A8 Bk o B L B as,—anc

C2. Typi Cﬁia!yYhentHberB&cH@@aﬁ&w@ﬂm@dﬂsgdnﬁ(%onmomdshﬁmhﬁﬁlgrxﬁaﬁmﬂ require
further ref| n| The unr eact ed s%/ %as fromHCS reactor 12 can be directed
to an opti awhhydieeashen synthesis gradvetss Atten gxiging the RIXrplgrmerst thehe syngas i s

recycl ed bﬁﬁ)‘fiugt a%ars Ii@ chirBe aﬁé&é{/@%ﬁd @q{é@re%%%i: {2rind s fEQ%e[ yigactor 14 I's

fed by the‘syng stream gas Stream nprises Re syngas
produced f stosunt I dP@¥onmireitior thefeof] A sdrtieaof tthrdtﬁc(‘@’seswbdtmg thewo types of

met hanol esi s reactors can be u the invention: _slurry reactor,
and a %nvéﬁ%&h Acipr 1% 1%@6606%@4055%){1’8}&%%%%@6%%63& 2}-nEhe | nherent | ow
equi libri Ui@n?é&ﬁ‘ﬁggﬁhﬂiﬁsof%eﬁl%ﬁﬁ& 085 fsé)uré’éﬂd (2) the invention nmay include

one or nore MS réactors in s ries shown. The unreacted syngas from
M5 reactor 14 i §heerbduct k6 setugitiatiCMeactentd crmpmses uivaristyrod aynfudls, t o
i ncrease

including but not limited to C4-Cy parafins, C4-Cyg olefins, aromatic
hydrocarbons, unreacted syngas, and CO,. Typically, the hydrocarbons produced

20  in athe HCS reactor require further refining. The unreacted syngas from HCS
reactor 12 can be directed to an optional second HCS reactor 12' before a portion
of the syngas is recycled back to the POX reformer 4 and MS reactor 14.

The MS reactor 14 is fed by the syngas stream 31. Syngas stream 31
comprises the syngas produced from the POX reformer 4 via stream 13.

25  Generally, two types of methanol synthesis reactors can be used in the invention;
slurry reactor, and a conventional, fixed-bed reactor. Also, because 6f the
inherent low equilibrium conversions of reactions (1) and (2) the invention may
include one or more MS reactors 14' in series as shown. The unreacted syngas
from MS reactor 14 is fed to a secondary MS reactor 14' via stream 42' to increase

30  overall conversion efficiency without recycling. The SN ratio in stream 31 should

be of from about 1.4 to 2.6, preferably of from about 1.8 to 2.2.



30 overall conversion efficiency wthout recycling. The SN ratio in stream
31 should be of fromabout 1.4 to 2.6, preferably of fromabout 1.8 to
2.2. WO w0 a6%6677 PCT/ USO1/ 28106 -19 The crude net hanol proTusel/B406f r om t he
M5 reactor 14 and optionally MS readfer 14' can be utilized or directed in
any nunber of ways, including but not limted to, directing the nethanol

to a subsequent_.conversi on process uch, a met hano) -t o-ol efjn plant, or
to a nethanol &Fﬁ%@%@?@lﬁnﬁm ugp34 %ﬂ’é‘%‘?‘lﬁ@@?@ﬂr g‘?g‘_}dn%}ﬁ’é’nﬂléy ting M5
reactor 14eadis (i cREDEGNRAR bR MEATHAMbELef WhysORclR) du¥ not1CS react or
12' . The unreacted syngas resulting fromthe [ owconversion nethanol

process i dimitei/ter disetting theymethendl ¢o b yehsegenbemyersfingiro¢ess,aucledst i vel y hi gh

conver si on ocess. . | h t hanol purification upit. 50 nost. of the water,
net hanol , rﬁ%hami%o"l%e;@tﬁtl@ﬁ’ 0&39 B%%?@nglﬁ?fléca%%%gﬁi ﬁh‘? H%re?;%?ﬂjensat e phase
and fed t ayagdshmesiti Badibisidr | @A té fRIFICS TRtor 12 Sdr dpBbhdIy Oper at es at
49C and 13 gm a overhead and separates |ight ends (mainly dinethyl ether).

The secondiedreasior 12hi Elre unseqstadyagastiagulting femdherovheonyersipioduct , oper at es
at 127C a 6&1&1? lrf)%c%ss()% %Blfﬁ%?tgc} 60&&%1&&1?%&%@8&3% Wi’ll\{%h Esg% %?ﬁ&:é@%ﬁ ﬁ he bal ance

of the met'’hanol, *operates a psra over eP al cohol s
are separ ajoadlergioh@rodesaays fromthe bottomand water is renoved at the base

of the colum. LP steam provides the reboil energy for the first two

col ums and t hévapwethepeaurifeatiaBrPbapt thesveshamstoeal. pd the reboil er
of thaof hl ot Fodukheart 2RORAG, g SRER RIS Hagbeln agig?é%ho' S mxture

are utilized as ormer furnace _ 2 and 4, M5
react ors Jlebhamddisdllatemciompa$he first calnoienperates @ap49°at awl. 1 3Cpsmayadiedd y, t he

nmet hanol streans 34.and 34' and ..unreacte ngas streans 42! and 42 are
shown exi tar‘%qéelﬂ?éatre%gg_t S@?ﬂ?glﬁfdmf‘ﬂt }’Pet#‘gg'pig? 19‘:\?811 coalgmgewgl,cgt ed streans.
I n practi c@parhie hePBPIHReRtBXol P]gﬂgaz 55A4NBs atVl(dQ’#’Gj ﬁ&?lfhﬁﬁ&&\%ﬂhéaﬁ. a

separation tower or condensor e separated. The 25 reaction and
separ at i onThrlegeobwan, arhachcrsndrieneitic helant¢avfithe miethaholf gparites g H8@ssd di agr ans.

T, SRR T IBAE. FHE Pl BB T B PP DA TB Rt o
42" . Str epifertid rerinSvedi 4t G e bPthe cORSmP TaBQeMPprRadds e rbfoil bergpnvert at
| east a portion of the unreacted syngas to net hanol. Again, the nethanol
i s condensf®dthgdfgst two columns and the vapor from the second column is condensed in
the reboiler of the third column. The combined light ends and higher alcohols
mixture are utilized as reformer furnace fuel.
20 As shown in Figs. 2 and 4, MS reactors 14 and 14' encompass a
condensor/separator. Consequently, the methanol streams 34 and 34' and
unreacted syngas streams 42' and 42 are shown exiting MS reactors 14 and 14',
respectively as separated streams. In practice, the combined exiting streams
would be directed to a separation tower or condensor to be separated. The
25  reaction and separation processes are combined herein to simplify the process
diagrams. The condensed methanol fraction is removed from the separator as a
methanol product stream 34 and the unreacted syngas is removed as stream 42'.
Stream 42' is directed to a gas-phase MS reactor 14' to convert at least a portion
of the unreacted syngas to methanol. Again, the methanol is condensed and
30  separated to produce a second methanol stream 34' which is optionally combined

with the first methanol stream 34 to form a single methanol product stream 52.



30 separated to produce a second net hanol stream 34" which is optionally
conbined wth the first nethanol stream 34 to forma single nethanol
product woezame32. WO 02/ 26677 PCT/ US01/ 28106 -20 The unrenTt@®ssgongas 42
fromthe gas-phase M5 reactor 14' is20hen directed to a HCS reactor 12
(Figs. 1 and 3) or 12" (Fig. 4). In another enbodi nent of the invention,
one or nore "low pressure” M5 reactors, simlar to those devel oped by

| nperi al  ChesmEeactadsyngas42aisom ghe gasphasMs reaptor I isdthen disected 10200 or

Cu/ ZznQ Al t S ¥ gt bet ween 200 C and 300 C at 50 to
110 atm f@ﬁgﬁag?org?lrgtﬁ e‘s%%@ dgg?r?'égs‘?m in the gas phase in a fixed bed
reactor. |t hashbaether epbodisdnt dfdthe mivbntidre ohde@Hnos "low pedsure™sMSO2  r at her

than CO as di scussed by. G C. Chipchen, e | .. entech. 692 . (Novenber
1990) . TheReigintigar todhess dgae}amcﬂ*@gﬁmeﬂ@ﬁ?ﬁe%efh%ﬂﬂw Mgeds (FHS cient 10
anount s of %% i I alﬁ(gp' L by~ t he POX

reformisr frggég%sﬁt&'}tg%zgg% he g{\)f‘\%lrdﬁgaﬁﬁtralngnts, egﬁo%sggeg‘g%a%;gttl ife,

| arger cap@d00yCsitsglte110 ainh) Mletharsltsynthdsis isgpyasicindit inhe @dephaselid abi lity,

of the low _pressure technology result in | ower energy consunption and

econony ofa B¥el ked reagdors ff hasrhecr swerphihatalt BreddeOHiipiarmed Ot he pr oduct
gas 25 or | : . a i d the steam

r ef or ner egagh%g{@?:&%?%%%?@g%fﬁ%ﬁ%}e@é@ *‘E'qefaé‘reg’?‘%cg‘a%é 1, and/or stream
30 vi a st r@aveBert 1990).00hemventjzmesledsedvadager eftthie fat bg antiag saffiohte t hat

enters the MS reactor 14. The concentration_of carbon dioxide in stream 31
is alsd coaﬁ’.fl?‘g’ltﬁ OW)'FOéHF{?%]Ef%ﬁb ay wiab&)zf@e%% létpé?wg@ PntheHOX Hes product
gas 25. |trefo§m%94§§dé&?é¥%§ﬁ.°?ﬁ’eﬁ%&géfrr{: eﬁféﬁts,sg&ﬁf@a&a@ sﬁ@eﬁeﬁgera! so be 20

| ocated in other process streans e invention, re specifically stream
42 prior dapatitysikdStraremnyertdr2lesigheandingpacteddebymljiasofthviavwg a reduced

bon di oxid tent is th d to the HCS t 2. Preferably,
such a COPTPBIRITORAAPHUE QKB PEreYsateniin g fEammaet SHcor car bon’

di oxi de i n the DasstrefinsaMathtng Qrbdsdotila foPAY brifieiyhs ¥8lo #Rm @e One
met hod of separating CO2 from product stream 25 is by using an aqueous

pot asslisum €Qr brparie 18atantbie direelonh tatha isisgmabbumend viastean 20uthe P%onat e.
Stream 42 ikS:b rbona sol ytion at.a, tenperature
of from ar(égotf%‘ %E%SVE #%%ﬂ%p(gg‘g&%&@dll f/ﬁrenaén %%teo %rf) g Cs?uar%resoellecf engt ream

will  requiatie o6pdrbon dioR{fletth chefghe MSreactantd.t Thocghprttatioarof dardbyen

absor ber size to ) . )
dioxide 1n stream 31 is also controlled by adjusting the CO; separator 18 in the

HCS product gas 25. It is to be understood that the CO, separator 18 can also be

20  located in other process streams of the invention, more specifically stream 42
prior to the HCS reactor 12. The unreacted syngas having a reduced carbon
dioxide content is then passed to the HCS reactor 12. Preferably, such a CO,
removal apparatus should reduce the concentration of carbon dioxide in the gas
stream 42 to less than about 5% by volume.

25 One method of separating CO, from product stream 25 is by using an
aqueous potassium carbonate solution containing about 30% potassium carbonate.
Stream 42 or 25 is bubbled through the carbonate solution at a temperature of
from about 80 °C to about 150 °C. Modifying the pressure of the stream will
require optimizing the temperature and throughput for a given absorber size to

30  achieve the same or similar desired reduction in the concentration of the carbon
dioxide in the gas stream 42 or 25. The potassium carbonate solution containing

the dissolved COy is then heated in a separate vessel to drive off the absorbed



30 achieve the sane or simlar desired reduction in the concentration of
the carbon dioxide in the gas stream 42 or 25. The potassium carbonate
sol uti onwony/aieni ng the dissolved CO2 is then heated i n RCPEpEARI@® vessel
to drive off the absorbed WO 02/ 266#21RCT/ US01/ 28106 -21 carbon di oxi de
preferably at reduced pressure with steam stripping. The resulting
stripped solutign..s then returned to the absorpti on,vesselréi)t absorb nore

car bon di GG WA1exdeP ?réléllbhaﬁ?db}?edg.essﬁenw @Eﬁfléﬁ‘{pﬁ’éﬁ& i 158 Higds wel |
known i n t%@}gpheﬁrthﬁ%ﬁ is%eﬁmmgﬁ% #hB abd¥epth JHARRL Q&absérbTrp_srerE%%ﬁapnol 34

produced i i's invention can be directed to a nethanol- to-olefin (MO
conver si ondipxide &om stihm 4201200 ADthe4COaexiretios sutinds wslldnowdin thet ed to a
purification unit 5 ri.or. to its use in the MIO process. Purification of
t he produc"éﬁcallﬂlra{{ehe ?‘Ifoeginr%%/mi"?ﬂﬂoﬂ?de renoval of water, other oxygenates,

such ag et her s, Tigf Mgthad] 3aHRbFuce @Btk b9 BE Bire®éTLto d MethAHIMIO
reactor, the 10 nethanol contacts a catalyst, preferably a nol ecul ar sieve

catal yst, tariefin @IEO pemieisicn prior¢ssodherctiop the usSIBOF onol ecul ar  si eve,
nost pref ey. L th. I i Adon netalks .present. One or
rm?e !Oner t&gﬁ%eﬁéﬁ $ Eﬁnﬁ;% t}\,)&él %?tceggygprﬁoritélrﬁ% & lil glgemfgg%oc?%‘r bg&lg%%llog, in an

amount of dfitheprbdtieedIBethmiod 34 peiydactide Ragkedl ehwites othef atydetisrtegr of nol es of
15 all feed and diluent conponents fed to the reaction zone (or catalyst).

As def i necuchet 8hFS dhfnaliRtslsapldcitpdsiancorsc iRitenMeiRreasion s al | y
- ti : BN A
hon-r eJhQ)C 'r%t@tﬁgl‘fc{lgéﬁt%@tts ﬁggiaf}gg%g{fgr%kﬁlvaemgl%&lﬂWsﬁéver%Ehgydggrrﬁ%r| y function to

make the anol | ess concent ical diluents

i ncl ude, burtfesabdy asificodumimahodphatel (5 APOg thdlewulee kicuemast grefierabiiytar ogen,
carbon no ide,. .carbon dioxide, water, 20 essentially non-reactive

par af f i nsné)&(gé@f}’a?r}e)f’r%e%laﬂ%m%%n? 1881het hane, ethane, and propane),

essential |y nonope&chbMandt UihERERay BS Bt M h¥ HRobR a6t eﬁﬁﬁl\gét, gxgﬂt Ic

conpounds, and m xtures thereof. The preferred diluents are and
ni t rogen. angmemt ohfiomel forfj9enoletpérnent; hadsed on thgudtd] mmbveapd motesrom

d b . i ncl t .of the feedstoc i.e.., as co- 25
Foed. o qh ERLahuRGn Corntiinetledre Bl PRk etreiot TR T ASACTER are
hydr ocar boger&idR&hisiafSoritsaibnd MhidORY 8éstRthilyhANRLINRE a6faedd cal
arrangenment when contacted with nol ecul ar si éve catal yst. These

hydr ocar bongleedlar siens aatpbystindiprimearily Smetion o palrcethe methanpbiadhe ve
al kylaro naile%(fs%ckrlgﬁ%Bhé’e%tr%eﬂ%ﬁgl 8fueﬁ%s§ﬁc%c?e§ but are not necessarily

limited to helium, argon, nitrogen, carbon monoxide, carbon dioxide, water,

20 esseﬁtially non-reactive parafﬁns (especially the alkanes such as methane, ethane,
and propane), essentially non-reactive alkylenes, essentially non-reactive aromatic
compounds, and mixtures thereof. The preferred diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.

Hydrpcarbons can also be included as part of the feedstock, i.e., as co-

25  feed. As defined herein, hydrocarbons included with the feedstock are
hydrocarbon compositions which are converted to another chemical arrangement
when contacted with molecular sieve catalyst. These hydrocarbons can include
olefins, reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures
thereof. Preferred hydrocarbon co-feeds include, propylene, butylene, pentylene,

30  C4" hydrocarbon mixtures, Cs™ hydrocarbon mixtures, and mixtures thereof, More

preferred as co-feeds are a C," hydrocarbon mixtures, with the most preferred



thereof. Preferred hydrocarbon co-feeds include, propylene, butylene,
pentyl ene, 30 C4+ hydrocarbon m xtures, C5+ hydrocarbon m xtures, and

m xt ures wherewfz More preferred as co-feeds are a C4+ hpdrosarisos

m xtures, with the nost preferred WO202/ 26677 PCT/ US01/ 28106 -22 being C4+
hydr ocarbon m xtures which are obtained from separation and recycle of
reactor product. In the MIQ process of this jinvention, coked catalyst
produced i BFiRges hydracahon aaixtuges Whigh g %%de%%é?ﬂaé&%létrwgc@oked

cat al yst Vglf{rgac@orr geperation 5 nediumto renmove all or part of the coke
deposits. Thr's regeneration can occur periodically within the reactor by
ceasi ng the fl dwthd M2 pracesstafghis wention, cokadtqatadiyst pregueediademer at i on

medi um ceasing fl ow of the regener.ation i and _then r.eintroducing
the feed tGAFNeCHPEIGETETAR Y %Wa;?{m%B’fﬁ@ggéj%%ﬁ&%tvgﬁy%{egen%bogner ation nmay
al so 0GCUr,P&LAdir&RbVY/alPér HRB1tRAIEIKS| dép Y S TER rbfcratiag bad odtyir 10 renovi ng
a portion of the deactivated catalyst to a separate regenerator,

r egener at i pragiodivelly viitbih thatredcios byicrasingthe @g@rﬁ%&?‘b‘@,th%lmc@D bsequent |y

rei ntroduci n the regenerat ed..cat - ene ion can
occur at t]in'thgucé%a recgg?\%futl(?}lo gdlg%p?%%ﬁl%at{c’gv §%ﬁﬁé$g%§%r?{1\0%ﬁgg§?1f ed | evel of
coke on t h@egpihtrRlucitigahey fded tovhefully binearti€iBolegeneradtad aadlgdtyst t hat has been
contacted with feed in a reactor i s defined herein a "f eedst ock exposed."
Feedst ock Rsgsae@tion max|asetocwin nerigdisoilyer mnéﬂPWS&wga%rhgﬁeaw&at i on

pr oduc havi S . Fall ent than a

cat al yfs(f V\%ﬁoﬁg}gsalﬁoﬁéglgggﬁlg d%%éégﬁgpg%%?é‘&%c%?%@eg% &V%Eﬁ%rf ypi cal Iy provide
| ower  anprégbserstingithe pelted camlyst in the ecgenaretdr,tand sobseqletly reipirodeing hr ough
increasing tinme at 20 a_given feed r?tge or increasi ng feed rate over a

gi ven ti metheAegensrated saralyst iile gractys RegTertiop £ 8eyT 4 tHOF{Midng i xed bed,

fluid bed gy ditf@giaﬁ&ogﬁ&e%aﬁfaﬁﬂﬁn AREGFRIERT of B G the Bfitfre@BRME F Nt Ti Ser
reactors andls ort C

ntact tine, countercurrent free-fall reactors.
Desi r abl y, withm theamttor. i s one in which an oxygenate feedstock can be

contacted with | ecu] ar .si eve cat al t. 25 a wei rly space

vel oci if (WHSV) 8@#‘%’5{&? {DoqN fightqc ecﬁ‘fy@ gereglﬁ’il§r?al%o\|£$sl‘9ﬁ?ﬁ5‘§ gre“%ﬁoo hri,
nore pref er@Blyodkledpbs, " hFdedsdclt 826bsBd batalgstdyillaRbvige elefih@bhwerdisrom 20 hrl
to 500 hrl. WHSV is defined herein as the wei ght of oxygenate, and

hydr ocar boreagidrcprogugs bptingsibstaptitly lowet propanccand opke corsent thadra wei ght of t he
catalyst which is fresh and regenerated. A catalyst will typically provide lower

amounts of propane as it is exposed to more feed, either through increasing time at
20  agiven feed rate or increasing feed rate over a given time.

Any standard reactor system can be used, including fixed bed, fluid bed or
moving bed systems. Preferred reactors are co-current riser reactors and short
contact time, countercurrent free-fall reactors. Desirably, the reactor is one in
which an oxygenate feedstock can be contacted with a molecular sieve catalyst at

25  aweight hourly space velocity (WHSV) of at least 1 hr'!, preferably from 1 hr™ to
1000 hr!, more preferably from 20 hr™' to 1000 hr!, and most preferably from 20
hr! to 500 hr'l. WHSYV is defined herein as the weight of oxygenate, and
hydrocarbon which may optionally be in the feed, per hour per weight of the
molecular sieve content of the catalyst. Because the catalyst or the feedstock may

30 contain other materials which act as inerts or diluents, the WHSYV is calculated on
the weight basis of the oxygenate feed, and any hydrocarbon which may be

present, and the molecular sieve contained in the catalyst.



nol ecul ar sieve content of the catal yst. Because the catal yst or the
feedstock may 30 contain other materials which act as inerts or diluents,

t he WHSVw@ omadecul at ed on the wei ght basis of the oxygeneC®US@Ees106and any
hydr ocarbon whi ch may be present, afd-the nol ecul ar sieve contained in the
catal yst. WD 02/ 26677 PCT/US01/ 28106 -23 Preferably, the oxygenate feed is

contacted with th t st when.the o enate..i s | apqr phase.
Alternately, t hﬁefegeﬂf%’i%gﬁgﬂ’&gféeﬁ%e é%?:arl? (é?:fl)%cg?&\”ﬁﬁgle ﬁaiai})(???ff%‘?aﬁ i xed

vapor /| i qLki))fifg_@ﬂﬁ@i%-inM@ﬁoﬂﬂlﬁs@rm&ﬁ&eﬂyﬁh@@wde@ﬁn@j&be tdiriad bitdHlad phase or a
m xed vapor/liquid phase, different conversions and selectivities of 5

f eed- t o- prigahid or arayxadagppr/ligid phasen JVigsdhe piesessas earsied oulrid aligaist i on

condi ti ons T . . j . a. w_de range of

t enperatu rpehs‘:11 5 g%nﬁ%%? gé?? v@hé%ég%ﬁ ﬁﬁgxﬁegfr%’glr@é{s{tﬁg al?&]agneéég&lg i;hr?wﬁ g fro mg 200C to

700C, pr ef feedrbd-yrodhctanayB@Ol depehdi@Cupomthe catabfsesambileyctionh@andifions.t o 550C. At
the lower end of the tenperature range, the formation of the desired
ol efin product sTHEBIORREE GReEePsTaMecaTriFdaub ) 2 WiderArge i fRRPEHETESt t he

t enper at ur g, LABY ggga%ﬁﬂgfeggﬁet%am tean eg{ﬁlﬁgqoggtb%m@fﬁg&@}ab product.

The conversion o ygen 0 produce |1 ns may “be carried out
in a vari efrfgm3D0Uateab 00 Coemoeamreierably Remc350PC tty HEX . nktl thel boviar xadlobed

reactors, fluid ed reactors, and ncurrent. riser reactaors. Additionally,
count er cyrtﬁlgﬁ?nﬁef"glérefrﬁ?ge’ﬁ?tfs”é’é%‘toc‘}rog %&}Sgﬁgﬁlgéﬂ pF??l_“Pﬁén‘i:y &M8i on process
as desgy i bagkieMydRvw- At @8&ppdtnd JritR eehahedraes Ghd ot nofy Wdpi ch i's
expressly incorporated herein by reference. |In a preferred’enbodi nent of

t he cont i nigongnepemati gnoumdef produgiorti on of the catal yst is renpved from

t he reactor and]éseenot Vt g.otr}) re %n{srgt or .to lré@rmv§ t he baccu | af ed coke
deposits that resui®dal Pngof( %5 19 Rrpfiice Light plefins may be Garmise opb s oner at or

the cat al yigta vasie§iTicatilyeid réddidts aREQIANGpLihEIBdIRL BB AL TVl Oxygen or
ot her oxidants. Exanples of other oxidants include 03, SOG3, N2O, NO, NO2,
N20B, and hedreapiers, andepperenf fisqrdeasias.epAddigonalys apuprtgrowpent firee Kl f or m of

a0 e o35 el B8 UL L BBEN (CRined, (ke 4988800 Steam may

be ad conce atron in e regenerator "i’s reduced to

a control | ddeteiled dbriptiomoititiz B eapeedie aicon@raed hfteinyasfar@re of hot spots
in the spent or_deacfivated catalyst. The deactivated catalyst also may be
regenerated r ed@ARTGEFGd FMpRdipgent ofdhe coptinugneepar fimeonly agoriiinel suitabl e

reduci ng ageehitystts (RN At drR TheQbactor and sent to the regenerator to remove the

accumulated coke deposits that result during the catalytic reaction. In the

20  regenerator, the catalyst is contacted with a regeneration medium containing
oxygen or other oxidants. Examples of other oxidants include O3z, SO3, N,O, NO,
NO,, N,0s, and mixtures thereof. It is preferred to supply O, in the form of air.
The air can be diluted with nitrogen, CO,, or flue gas, and steam may be added.
Desirably, the O, concentration in the regenerator is reduced to a controlled level

25  to minimize overheating or the creation of hot spots in the spent or deactivated
catalyst. The deactivated catalyst also may be regenerated reductively with H,,
CO, mixtures thereof, or other suitable reducing agents. A combination of
oxidative regeneration and reductive regeneration can also be employed.

In essence, the coke deposits are removed from the catalyst during the
30  regeneration process, forming a regenerated catalyst. The regenerated catalyst is

then returned to the reactor for further contact with feed. Typical regeneration



oxi dative regeneration and reductive regeneration can also be enployed. In
essence, the coke deposits are renoved fromthe catal yst during the 30
regener atwon2/pioress, form ng a regenerated catal yst. TherPepgsnsaiced
catalyst is then returned to the reddtor for further contact with feed.
Typi cal regeneration WO 02/ 26677 PCT/US01/ 28106 -24 tenperatures are from

250C to 700C, desirably from 350C to 700C.  Preferabl Jlegeneration is
carried odemAeragressrp &om t3ECdp 79@6%@%”?@0@“%@% t‘di(lq fable to strip at

I Ll e. i [ dsor bed
the: cat al yorbP T oer R R RiRA P IRAIRR e R G ITRe o B

entering the reagiRnRsRiNE to stip &t ©ad shBe af therplatiskh@galkiy componddgs a stripping
gas over the catalyst in a stripper or stripping chanber, which can be

| ocat ed wiWhirhmapdeadserbet ongp thacaalyd palogeted yaligits imy@PAeYs ppi ng gas can
be any: s i i gl trods YIR 3 mJ es of

stri ppisng%glzlgﬁgé}%ﬁéﬂg%{ee{é%}ﬁh%itt rog‘%aﬁr?,rétﬂﬁﬁ%%aﬁar gogé,rx%leﬁ'?]%g%ﬁ% ,a CO flue
gas, and hydippnepas d@r the catadysembostrippartor strippingehaimber, ahithregdser at or are
configured such that the feed contacts the _yegenerated catal yst before it
is retur ngacatt?f{]‘ffﬁgmrt_g%ﬁ%‘io? Of 1§ 3¢Parge eFitht ?{?% HB‘BSigﬁ%?ﬁnﬁ’etW react or and
regener at Qfuh&hiAI9herIHERnPHE s BRindnfiPuseli & BLab Bk QPétﬁR%ilﬂg gasaigner at ed
catal yst after it"is returned to the reactor. In yet anhother enbodinment,
the feed steaamitoegenpleelivpl, atgonumbkthahatCOx €0, funtgas asd hdmoggener at ed

catal yst before it is.returned to the reactor and after it been
aturid to ¢ hanegerbpinE et heid RErrUof S St Sl int i on is one
that i ncorperatiesentcts $hd legORlr4sd FANNQTRARE & i€ AR hesddeRt. Bl ave. The
nol ecul ar sieve conprises a three-dinmensional m croporous crystal

f r anmewor k atermasive pabedinfest, tix reagtan ol reganerater freoRfigussdweh dhabitieng

tetrahedr i iq 1S4l I i the. structure can be
determ neglje?)@%%ts t}@%@e%@ﬁa@%@%@hﬁ%@%\r@ﬁs?’%‘tﬁxgwggé S ﬁ?acjc?r. I&H?/ts. Chem 92,
3965 ( 198&nothEhembedinteat] tiw el sidaBCetndde spliesMrs thidtlfdedeohtdoist one or nore
peaks in the 29Si MAS NVR. with a chem cal shift 6 (Si) in the range of
C88 t d- ggepmeraisrhcaiilysi belare s rraumpdbiathareestor And #iar ihhasdeenf at | east 20%
of 25 the of all peaks with a chemical shift 6 (Si) in the
range of - %S%B%?ége?ﬁtﬁg ppm Whgre the 5 (Si) chemcal shifts refer to
ext ernal t et r anBidoakaydt dhee is (s€d/B) this invention is one that incorporates a

silicoaluminophosphate (SAPO) molecular sieve. The molecular sieve comprises
a three-dimensional microporous crystal framework structure of [SiO;], [AlO;]
20  and [PO,] corner sharing tetrahedral units. The way Si is incorporated into the
structure can be determined by 2°Si MAS NMR. See Blackwell and Patton, J.
Phys. Chem., 92,3965 (1988). The desired SAPO molecular sieves will exhibit
one or more peaks in the *’Si MAS NMR, with a chemical shift 6 (Si) in the range
of -88 to -96 ppm and with a combined peak area in that range of at least 20% of
25  the total peak area of all peaks with a chemical shift 6 (Si) in the range of -88 ppm
to -115 ppm, where the 6 (Si) chemical shifts refer to external tetramethylsilane
(TMS).
It is preferred that the silicoaluminophosphate molecular sieve used in this
invention have a relatively low Si/Al, ratio. In general, the lower the Si/Al, ratio,
30 the lower the C;-C4 saturates selectivity, particularly propane selectivity. A Si/Al,
ratio of less than 0.65 is desirable, with a Si/Al, ratio of not greater than 0.40



It is preferred that the silicoal um nophosphate nol ecul ar sieve used in
this invention have a relatively low Si/Al 2 ratio. In general, the | ower

t he Si/AwWODpz26607 30 the |ower the Cl-C4 saturates sel ecPCViUB81/28106
particularly propane selectivity. AQJA 2 ratio of less than 0.65 is
desirable, with a Si/A 2 ratio of not greater than 0.40 WD 02/ 26677

PCT/ US01/ 28106 -25 being preferred, and a Si/A 2 ratio of not greater than
0. 32 bei ngbgiag predemash pyd 2 S/ Afaptie gf nok srgaten than ()32 Beipg PAGiCUgHEat er t han 0. 20

s most pr glertad.a Pl 6ARLIIOORISAIA % OLSS Yy eves are generally

cl assified as Dbeing I Opor ous teri avi ng or 12 nmenbered ring
struct ures. TheS#icoalngindphssphattimolesulaesieveaue genecally chgefipbasbeingze of 3.5

to 15 angstrons. Preferred are th smal | _por e .SAPO nol ecul ar .si eves havi ng
an averagenbﬁp@ngp%%mﬁpakg§¥m€ﬁaA&B“1§%@§@&Eﬁ§,n%$EFQF§bI ShI'8B%er age pore
si ze of5 3. gri@ures eRgRLE A BvedRE B5BE 6F 8BlY 15hgstromst Préfete@N@Shd OM5. These

pore sizes are typical of nolecular sieves having 8 nenbered rings. 10 In
gener al , sbhalt paleliARO pivdepleisEvenhamng araveiags perecarerfiless thanrfol ecul ar

framewor k of corner-sharin Si 02], [.Al0 apd [PO2] tetrahedral units.
This: vy pe tF P RARGRDY BT 81T E IR PO 00 PRk, PO Ahat 65 1 nt o
ol efin predusts4 20h8stdi2] ThaRk pafeaihicd breupicst ofinkdlbduldrieevEs RavRYOg K
structure of the 15 nol ecular sieve of this invention can be provided by a

vari ety of msorpstsliniigsns. Exanpl es of these phosphorus-cont ai ni ng

ohospnit e. and 3 EiHeRBOTDEANaY et BRREMAE ABNGVRRHEr ARIIRUER i T one

are m xed WatRwogeet doveershhiigOsi0sd[ Ald,|) ahd (PO 4 astiahediangnitormpdsi ti ons under
the appropriate conditions to formthe 20 nolecular sieve. The [A102]

t et r ahedr afyPeit fi@mgwork i affeetiYe BAOMRTRS VAriRUS QRESMEISS BEO offBvi ded by a
variety of compasitions. Exanples of these al um num contai ni ng ,
conpositi oRs I'RC] ude al uni num al koxi des such as al umi num i sopr opoxi de,

al um num phosph&he§PO4tetrhedral hyitk withid ¢he Sadeworkatructureadfahe and 25

pseudoboehm te. The al ymi.num contai ning ¢ ositions are mxed with
reactis Salccln St ogf?&wwwgﬁea B BTQYIFY S ohpesht RLRTPRAGRS- he

appropri at @GRk b ARSe pRRPARULICSRENTR BEiposEiosd B¥Rde phosphoric acid,
organic phosphates such as triethyl phosphate, and aluminophosphates. The
phosphorous-containing compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate conditions to form the
20  molecular sieve.

The [AlO,] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-containing
compositions include aluminum alkoxides such as aluminum isopropoxide,
aluminum phosphates, aluminum hydroxide, sodium aluminate, and

25  pseudoboehmite. The aluminum-containing compositions are mixed with reactive
silicon and phosphorus-containing compositions under the appropriate conditions
to form the molecular sieve.

The [SiO,] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-containing

30 compositions include silica sols and silicium alkoxides such as tetra ethyl

orthosilicate. The silicon-containing compositions are mixed with reactive



The [Si02] tetrahedral units within the framework structure can be

provided by a variety of conpositions. Exanples of these silicon-containing
30 conmpowo b7 ncl ude silica sols and silicium al koxi deBCHUSHL/ 28306t et r a
ethyl orthosilicate. The silicon-conéi-ni ng conpositions are m xed with
reactive WO 02/ 26677 PCT/US01/ 28106 -26 al um num and phosphor us-cont-ai ni ng
conpositions under the appropriate conditions to formthe nol ecul ar sieve.

Subst i t ut egVSABES ogPRasueONARYS CAMPATIons 1dat the APPTPPEEE conpounds are
general | y kagyenes MEARR B oREuEEL &l cont ai ni ng silicoal um nophosphates. 5
The nmetal can be alkali nmetal 1ons (Goup IA), alkaline earth netal ions
(Goup IIA), rdubsemtadSAROscan@ i used B thisnoventiong Thbse doarppiuadsoi d

el ements: | ant ha ceri aseodym um. neodym um. samari um eur opi um
gadol 1 urte BB o AR 0T Sa AR R R e LR GH BRI er b1y and
luteti ym BRAnSERREIDEAIRNT mithl 'Bhé\%ﬁrogﬂﬂk}, BRaBAKEArinONah] Hoh@(bhp ON cations
of Groups NB, VB, VIB, VIIB, 10 VIIIB, and IB. Preferably, the M

r epr esent 1A}, sars ceutle ona §Grvp ING, invtndinggthe Mnthagaid dtementsrilantfnumze, Sn, and
Cr. These at.ons_can .dnserted.intg the tetrahedral ..fra rk through a
e02) -t ot P PR o Rt Pt Pt o, b B, oo BRI, |01

el ectric chigp@eiude hemsinfg eiurh BuMah eeebithahe [abtiihcadiacadigtlest i tuent. 15
When the netal conponent has a valence state of +2, +3, +4, +5, or +6, the

net el ecttitemdrad doe additinualjsansition catiensiof GroppsoNEHrER: VB, ofB.he et al
conpongnt vfp. tyfipgal | y acconplished adding the nmetal conponent during
synthesis of t’he "nol ecul ar sieve. However, post-synthesis ion exchange can
al so be used. I|Brefecdily, thyMechegesenexabangeh ok Xa, Mgt 8Mn, CopNo, @) Few | |

i ntroduce cations_into jon-exchange 20 positions at an open surface of the
ol ecul ar G & e, §Bt adtTo ‘khyee FPRREPInsertsd; ipto thesigirabgdral

si | i coal ung-pRRKGRRRAL E‘QM%@ | @iarhiRY §Rit.| & AR SAPO- 11,
SAPO- 16, SAPO- 17, «SAP% 138, S%POaZO, SAPO- 31% H\%;%OP% 34, drgkégP%r,ﬁeSSAPO 36,
SAPO- 37, SARODekOiricSAR@e4lbperfARdmbde vEAR® Aate of DARGAAubSARDLS56, t he net al

containin or t hereof, a m xtures . the f. eferred are SAPO 18,
SAPO 34, Snoes 0 B Zner&?;lgs Skl G BEFT D HE){/ SApAN 8%hnd SAPO. 34,
i ncl udi ng di&gridEladte &Petwdichl-Dand #2.MhcofpBetiBA o tRNHetE] cdnyoRsntliber eof . As

used herein, the termmxture i S synonynous
typically accomplished adding the metal component during synthesis of the

molecular sieve. However, post-synthesis ion exchange can also be used. In post
synthesis exchange, the metal component will introduce cations into ion-exchange

20  positions at an open surface of the molecular sieve, not into the framework itself.

Suitable silicoaluminophosphate molecular sieves include 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, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.

25  Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.

30 An aluminophosphate (ALPO) molecular sieve can also be included in the
catalyst composition. Aluminophosphate molecular sieves are crystalline

microporous oxides which can have an AIPO, framework. They can have



wi th conbination and is considered a conposition of matter having two or
nore conponents in varying proportions, regardless of their physical

state. 3®Wa@wn2/2d6ami nophosphate (ALPO) nol ecul ar sieve can RCBOS@@s10sc! uded
in the catalyst conposition. Al unm n@dhosphate nol ecul ar sieves are
crystalline mcroporous oxides which can have an Al PO4 framework. They can
have WD 02/26677, PCT/ US01/ 2810 -27 ;addi.tional elements wthin the

f r anewor k,adﬁgboﬂlélaefl?%}eﬁﬁ\‘?’é hﬂh&"? %WCWSFI%QYPHF%H@VSHES?%E}W?Q from about 3
angstrons dimeadlont radnd BGst S6HNE3 ofis@o abaiRablafgfoniBkhdgiesi ze sel ective

separations of molecul ar species. re than two dozen structure types have
been r epordaggble pharkigigsizeselsriivescpypbrnsdifannleeniarspetiess MereAhartee det ai | ed

been rep sifealccbersoe etailed
o s pabrngh R SRRt HERl e e RO BRIORES  cnce”i

i ts entsir eAynordethted dacptRO cftiheloickp@andard Adidshs,of ALPO- 11, ALPO- 18,
ALPO 31, ALPO-34, ALPO 36, ALPO-37, and ALPO-46. The silicoal um nophosphate
mol ecul ar Aymipophesphatss istawad BddSphat. No. hy k440 attvel is éropsoaated zat i on

met hods g : r , I .z Pat. Nos.
& 440, 571 G BRI AR SERIP bro R ARRY SRR LRSS O ki ng. of
whi ch ar e AUPOyl 1, AG®p 03,4 RID3ér ALROB3A, AIROI-86CALPO-37; end ALPO-46. xt ure i s
formed by m xi t oget her. reactive sjlicon, alum num an phosphor us
conmponents, al gﬂb”%?%%n’ﬂm?@?ﬁh ?1@0168\‘:161“%{%93 RSP S%ngﬁe mxture 15 is
seal ed pandyaesh&ehal BRRTAIARSY mdRAaE %éﬂé%a@}sﬁl&l%% iRESAH See, fp @ tenperature
of at least 100C, preferably from 100C to 250C, until a crystalline

product i sexamplea®S. Baomast #4A0.871;t4361cTA3s 6 AP0 684 amdddlis,308athet ake anywher e
from around hours .t o _as, much 2 weeks. I n sgne cases, ,stirring or
seedi ng V\/ilflﬁtﬁg‘i‘lsy%{g%ﬁﬂl%%ﬁ Whlﬁnb]élﬁ @ﬁy\ﬁqo_qufr%gil #Frfa’a?tq@' ]f[eﬁeéerfc& éatl on of the
product . 2@actRimgiahiry is folifed B BGUh@fogsiheN Ragidiitdon] Sufnuieshd n sol uti on.
It can be recovered by standard neans, such as by centrifugation or
filtrati orPhoyphoryy eoamponents glong with pllegsh ope templateolseneallpihetiatusame neans,
and drqized.; l.t.40 I I the recovered sieve
cont ailr?s W lﬁninﬁﬁisé a%g’r rse%eggolfg%(ge%%géogéfot% §ﬁes§¥r 8’? ﬁZ&%%rg)T%rﬁtg{eeo Egs{ed in

nmaki ng t heleisdil 00, p2eaBlgatdm NOORCIWS0°C, Tl & lYystallidd predisd: fuct ur e

essenti al ln% wraps around the tenplate, and the tenplate nust be renoved so
that the nigreed| Bermetien ef thasrysiebing nproduet atnytake anywhere from around 2

hours to as much as 2 weeks. In some cases, stirring or seeding with crystalline

material will facilitate the formation of the product.

20 Typically, the molecular sieve product is formed in solution. It can be
recovered by standard means, such as by centrifugation or filtration. The product
can also be washed, recovered by the same means,‘ and dried.

As a result of the crystallization process, the recovered sieve contains
within its pores at least a portion of the template used in making the initial

25  reaction mixture. The crystalline structure essentially wraps around the template,
and the template must be removed so that the molecular sieve can exhibit catalytic
activity. Once the template is removed, the crystalline structure that remains has
what is typically called an intracrystalline pore system.

In many cases, depending upon the nature of the final product formed, the

30  template may be too large to be eluted from the intracrystalline pore system. In
such a case, the template can be removed by a heat treatment process. For

example, the template can be calcined, or essentially combusted, in the presence



activity. Once the tenplate is renoved, the crystalline structure that
remains has what is typically called an intracrystalline pore system 1In
many case¥0 ozeagendi ng upon the nature of the final produceCt/osemasiost he 30
tenmpl ate may be too large to be elut@d-fromthe intracrystalline pore
system In such a case, the tenplate can be renoved by a heat treatnent

process. F exanpl e, .the tenpl at an_be cal cined, .or essentially

Conbust ed, o1 T THEOBrULUNGE 89 BAPDRETRE BE MR SR HHHnE SS8 Brtha,

0Xygen- ConyaidibA8f B8 xy h-CRRIREE bhdarddRatifI BhpaaRRlA&h RBo% gve in the
presence of the oxygen-containing gas and heating at tenperatures from 200C

to 900C. 9%00°€ohesarasemes,iit mappe besirdblsito Abdtén tup elvdaimient kavigwiomwonnment
having a | ow oxygen Conc$trati on. In these cases, however, the result

wi |l typi cEDEF BUICENEALoNe AR HisiR c25es.hRE ey ] eaeltwillgypicdbtd &r conponent,
rather st hagohiolitf ORI il FE@%ﬂﬁgm}gir}%}t}rﬁﬁﬁ fanBiogess can be used

for partial or conplete "renova ate fromthe intracrystalline
pore syst espmbustiot processaJbis, typd offprosasatirebe wsediidraiaetial oc oomppletee or parti al

renoval fromthe sjeve n.be ,acconpljshed by conventional desgrption
processes @W?H&a"ﬁlﬁﬁ?@?ﬁg fgm the Fféﬁgﬁ'ﬁ{aﬁﬂ? pﬂ%ﬁ'&g‘ﬁnﬂ @éﬁﬁqrtcéic?’ ‘Yﬁ "reaction
m xture CagnAgRPieRiplated) @omblefDérSHak®TRAs RS fohPlBLRVE8aPhE Structure
directing or affecting agents, ‘and typically contain nitrogen, phosphorus,

oxygen, cachomplithed bygenventionalslgsdrphien pronesséretuchhs thasiussdin alakimgcont ai n at

| east ,-0ne_al .aryl group, with 1 to 8 carbons being present in the
al kyl 1c())r aSt%d@l{i\Szeé%eﬁb. M xtures of two or nore tenplates can produce

m xtures of di fTierreadtionThiRWes cai cdtfa ont BaRblete@PRiE! G¢RipiQiLe ONe tenpl ate
is nore st rongl y directi n% tt han anot her. Representative tenplates include
€C

tetraethylS hdligepting|or aitecting agepfermng (tyrirdlly, contaihpiteeey Phespbpvexane,

pi peri di ne i N ] trl- I et hyl am ne,
nmor phol i ne(?x}}gléllf)’%%%Féﬂdgggen%%ﬁk)%fﬁlbg%%ﬁ:ﬂ?lég%&?%ngp({a&&ﬁ%% t<';1‘5¥r)111trai1te}}lzgrll(?ga)é%:/orrbi nations
t her eof . Rurefabicyl edatyd griup) with 1ao 8 carbioat byihg present in el aibd vy hsdri ne,

prveri 4 e BYTLLe, isopropylam LS e vl Ao a5 e
o 2O e LA g o SR AR 0
than another.
Representative templates include tetraethyl ammonium salts,
cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
20  cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine
(DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
tetraethyl ammonium salts, dipropylamine, and mixtures thereof. The
tetraethylammonium salts include tetraethyl ammonium hydroxide (TEAOH),
25  tetraethyl ammonium phosphate, tetraethyl ammonium fluoride, tetracthyl
ammonium bromide, tetraethyl ammonium chloride, tetraethyl ammonium acetate.
~ Preferred tetraethyl ammonium salts are tetraethyl ammonium hydroxide and
tetraethyl ammonium phosphate.
The SAPO molecular sieve structure can be effectively controlled using
30  combinations of templates. For example, in a particularly preferred embodiment,
the SAPO molecular sieve is manufactured using a template combination of

TEAOH and dipropylamine. This combination results in a particularly desirable



ammoni um brom de, tetraethyl ammonium chloride, tetraethyl anmoni um
acetate. Preferred tetraethyl amoniumsalts are tetraethyl ammoni um
hydr oxi davanzi2é6tet r aet hyl ammoni um phosphat e. The SAPO noPeT/uk@r2ssiceve
structure can be effectively control-129d¢ using 30 conbi nations of
tenplates. For exanple, in a particularly preferred enmbodinent, the SAPO

nol ecul ar sjeye is uf actured us a tenpl ate conbi nation of TEACH and
di pr opyl ARG Sﬁ?@%ﬁ%}%&ﬁ%ﬁ%@w&ggnﬁﬁs Qaﬁlamarlmf‘élawi #kirabl e WO

02/ 26677 P@Heg?@%gﬁ%@ﬁght 0@&@%&& %éﬁkﬂ&ﬁgﬁd‘;@ pyléife. conversion of

oxygenat es ticularly nmethanol and ~ di net ether, to light olefins
such as et hyI enﬂlmhlcqahmmgnbﬁmsphémmo@ctﬂacsxanmtympﬂikyadhux@ @), ecul ar sieve

is typical mat er| When bl ended,
the resul t§ %Tagg]@ggl{e? 8??“#?155 Wffi‘ gﬂﬁ’?‘}{%ﬁl B@F@ﬁﬁtgﬁg (E°81p8§1 lgné%PO cat al yst,
With the cgbahlpiecfGRibias bSAHO SatSHROyitHThEGHIIHE cinfifing WRISABP@! s whi ch can
be bl ended wWith the nol ecul ar sieve can be various inert or catalytically

active nat@pleaplar sigve. vari ous bi nder materials. These materials include

conposi tions S%;Igt ﬁgls%ﬁ%] Qan%%lgﬁcﬁ ﬁllt%(\ff%qlecgi{ar %ﬁ%%%;gefva%%%%glr Iet gart h 10

netal s, netal oxXi non- zeo e ca

catal yst ipempoeeslyticalil mmamatvham maﬂ@usbindeﬁmataﬂala, ThéseGRulérials MBGNeEsi a,
thoria, beryllia, quartz, silica or _ silica or silica sol, and m xtures

t her eof ﬁﬁ%‘é‘ée ERRRSHiATS SUel 3 kagliy gnd pibetelpyee vatipus ot ofgarcieatter al i a,
over a Etja)ésﬁlefﬁféhdeéﬁﬂepﬂoﬁ‘%e@hté Qﬁﬁl?ﬁlcoﬁ—@gﬁent% QeSIRS 'c%ﬁlfstn heat

shi eI e catalyst during regenerat ensifyrng t catal yst 15 and
i ncr ea5| ngcomrqtombxycs,talmhnmmgmmma solstmamla; Zitoohy inytgn&m, thehbeberyidih, t he inert

mat eri al s that re used in._the ca st t a thermal sink have a
heat capac{ la"cﬁ“?ﬁshcééﬁr/s’é‘c@s? @a t';‘rﬁs ereﬁ% ﬁ‘?ﬁ?@?’é‘?%‘%ﬂnﬁ Bf 0.1 cal/g-C

to 0.8 cal gy &fechBsin reBhGHL AR XthBV&aﬁ c&@lysleost, by a‘é 4Rt GnicAddi ti onal

mol ecul ar sieve materials ¢an be included as a part of the 20 SAPO
cat al yst clormpostiin heat shieldingthecatlysedwingdcgsestipns dneifying doulatalyssi eve

t al { d t W, t APO t.al t.i d. St |t
o sl ° Bt RV el FASP ALY fosibble W MR AL v ent T on
i ncl ude ABhat Alsed idNHe cafil Dbt td\dch as ATRrmAVIMK BlviS.a HB% b DAC, DDR,

EDT, ERI, GOO, KFI, LEV, LOv, LTA, MXN, PAU, PH, HO, and
cal/g-°Cto 1 cal/g—°C more preferably of 0.1 cal/g-°C t0 0.8 cal/g-°C, most

preferably of 0.1 cal/g-°C to 0.5 cal/g-°C.
Additional molecular sieve materials can be included as a part of the

20 SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AEI, AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHL, DAC, DDR, ED], ERI,
GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and

25  substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Atlas of Zeolite
Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,

30 1997, the detailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a

silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.



25 substituted forns thereof. Structural types of medi um pore nol ecul ar
sieves that are suitable for use in this invention include M, MEL, MW
EUO MITWOIRR667FER, AFO, AEL, TON, and substituted fornsPChEsamB106These
smal | and nedium pore nol ecul ar siewdls are described in greater detail in
the Atlas of Zeolite Structural Types, WM Mier and D.H 0 sen,
Butterworth Hei neman, 3rd ed., . 30 1997, .the detail ed descri gﬁl on of whi ch

is explicitly Ql‘lfoﬁkﬂ)uﬁddflé]ée Herdl ﬂs‘b?PPrF‘é?tEﬂ@ﬁg@ olefmsrrapdusgd RBithscul ar si eves

whi ch can i ncl ude

ZSM 5, zsnr/{@?%g%sgﬁﬁhgp}&e% inpd kl%%??é%%ﬁ% W@W§%§%§%§8106 30 One
skilled i rpatﬁtetla}ytpqlwdtlhylaiesmdqmﬂ))mm Messeheﬁordbgﬁmspomod)dmsed by the
01yl of 1 g olsThE BRI o 0 Tt GO PR Pt By BT e i b s ses
polyoleri sses for
form ng p%é’f@fr&i hﬂé%netﬁl'l&féh@|ﬁéglél$N§cfaeanH%WbatdI'yﬂc]”§§/st%ﬁfs Seatsg yti c processes
are preferred. Parti cul arly 5 preferred are netal 'ocene, Zi egl er/ Natta and

aci d cat aleremples Ys3. datent Nes, 3,2 3%455 23A5538; 1B86,1996802.080s. 3, 25&23 455;
4, 302, 565; > 2 X o otesSCf8 ons of each
e

bei ng exprR6sdsy désoaptidRIoteich Mfé:@r&ﬂyﬁﬁé&ﬁ&%@ heteth bg&m&éﬁd& Ihhese
met hods i nvol ve contacting the roduct with a polyolefin 10 form ng

cat al yst dgenerabthese grethods w%w@pm@ heolefexproduct it palydlefipol yol ef i n

pr odu C |gcene catal yst.
The (p:)ltroef grdr}ég%%{ etrg[%ﬁgésrﬁltfln%g 0 Séggtgrrea%%or%g{so rom%@l f?](;40C and the
reacti on peaduche carried out at |ow, nedium or high pressure, being

anywhere from1 bar to 1 gto ars. For process s carried out in solution,
an inert dil uerft PESFTEEP in-forgning epkalyytds emelllosmercaialysy Hhessure is from
10 bars t &5@) W e SHRES opf 30C. For gas
phase pro eréfsége}g@ TS p:}g?gee%fg%@{a lglglstéﬁe ? e@ﬁ%olejifzg)t gragﬁglgeﬁg%% y be from
60C to 16Qfn bakarricatt stHewppediain srdhigh @essure bbiag ahywherb filbal s birdto50 bars. 20
The pr sent invention is a highly flexible proc wth regards to the

pr oporlPi orf0 b3k Jier é’rQ‘PPSSr%PW&ﬁ%Pu‘b‘P S@@‘HP‘H@WBGYHE’E‘F RS IsEhadnay be
produced. 4 L AB QbR @S Emi 1D tARSHT 2 gas diverted
to stream 131)%1 dﬁgm sg?eeasm 10 t Ig can bg I?gg?eggggtagg%fgﬁﬁ({lng ly.

Al t er nat i vtemperatmt df 1108C to 230°C. For gas phase processes, it is preferred that the

temperature generally be from 60°C to 160°C, and that the operating pressure be
from 5 bars to 50 bars.

20 The present invention is a highly flexible process with regards to the
proportional amouﬁts of methanol or synthetic hydrocarbon that may be produced.
If more methanol product is desired, amount of syngas diverted to stream 13 and
from stream 10 the can be increased accordingly. Alternatively, multiple
methanol synthesis reactors may be operated in series since the capital investment

25  of such reactors is minimal compared to the cost of the syngas reformers.
Similarly, if more hydrocarbon product is desired the invention can be modified to
affect such a result.

Having now fully described this invention, it will be appreciated by those

skilled in the art that the invention can be performed within a wide range of

30  parameters within what is claimed, without departing from the spirit and scope of

the invention.



met hanol synthesis reactors may be operated in series since the capital

i nvestment 25 of such reactors is mniml conpared to the cost of the
syngas re¥oonesw3? Simlarly, if nore hydrocarbon productPCEUS@sisI@d t he

i nvention can be nodified to affect-33duch a result. Having now fully
described this invention, it will be appreciated by those skilled in the
art that the invention can be perfornmed within a w de range of 30

par amet er sSWRIAHM, what is clained, without departing fromthe spirit and
scope of the invention. WO 02/26677 PCT/US01/28106 -31- W claim 1 1. A
met hod 1f or making mes hamld foP Mk inﬁ@han%lé&fl@%ﬁﬁgg a nethane containing gas
and steamto a steamreforner to form 3 a flrst syngas stream and
directi2ng at | elixstting porethapn cottaining gas asd stsgmdas stehmaaformer @ forn met hanol

synt hesi s rgactor; directj.ng.a net hane cont aini as and o entoa .
partial o %5{:%8%&568%63%?@94&?%“3 %ﬁ?‘ﬁs 4B 8H8?§1§’nfn g?sm%gdi recting
at | eagt an&ﬁﬂﬂdlgymﬁésigmctoﬁ second syngas streamto the nethanol synthesis

reactor; 8 recovering unreacted syngas fromthe nethanol synthesis reactor;
and 9 directi ndliggetingagicthanp epntpivimemsgas epdoxygsove ppdrtighpeideiand syngas to a

reactign . e of im,.1 rein the reaction unit is
a hydr gcarré%’#ﬂ Qégosfgﬁ?%gg?iﬁ%rsgg%{g%&?a% a%ll 8#?%“%@? Eeg% aogor@ B furt her
conpri §i nges@plasyagdsireBmao fid rstharol sEntBesidencted; oxi de from the hydrocarbon

synthesis reactor to forma (gas with 3 significant anpounts of carbon
di oxi d€ and di r'étQvcHYE LAE2¢isd BEIgas fraw the Metianal symHgsis Zeagtos; ad a uni t

sel ected from the ghedmieh QbARL: Ot i f%%;sr .5 _met hanol
synt hesi s reactor ,Cﬁog any cgn@nﬁfﬁ%ﬁetﬁg@o‘?ﬁ&f‘g%s e tﬁg{rﬁaggg%f claim?2
furthd camprising directing a portion of a 2 product gas fromthe
hydrocarbon synthesis reactor to a unit selected fromthe 3 steamrefornmer,

t he oxi,dation reforner, the t.hanol .synthesis reactor,,or a 4
conbi n&ti on t het eof %@?tﬁﬁgﬁ@%g&’%%% TRRCTORABH & $ rP%aEn%/‘?nng portions
of thefi rsghthdgislreactor. :

3. The method of claim 2 further comprising separating a portion of

carbon dioxide from the hydrocarbon synthesis reactor to form a gas with

1
2
3 significant amounts of carbon dioxide and directing the carbon dioxide containing
4  gasto aunit selected from the steam reformer, the oxidation reformer, the

5

methanol synthesis reactor, or any combination thereof.

1 4. The method of claim 2 further comprising directing a portion of a
2 product gas from the hydrocarbon synthesis reactor to a unit selected from the

3 steam reformer, the oxidation reformer, the methanol synthesis reactor, or any

4 combination thereof.

1 5. The method of claim 1 wherein directing portions of the first and

the second syngas streams to the first methanol reactor comprises directing a

3  combined syngas stream having a SN of 1.4 to 2.6.

' 1 6. The method of claim 1 further comprising separating at least a

2 portion of hydrogen from the first syngas stream.



2 the second syngas streans to the first nmethanol reactor conprises
directing a 3 conbi ned syngas streamhaving a SN of 1.4 to 2.6. 1 6. The
nmet hod ofw@bzkasrd further conprising separating at | east BCT/PS@astoson of
hydrogen fromthe first syngas streard-WD 02/26677 PCT/ US01/28106 -32 1 7.
The met hod of claim 1l wherein the reaction unit is a secondary 2 nethanol
synthesis reactor. 1 8. The nmethod of claim 1l further conprising directing
met hangl from t her et hanol nt i.s.reactor. to a.nethanol refining
it o The Tret notheperipgerfi it BN oh Spt i FelPRRy L | cast a 2
portion ofmslmbhdrehthtdioreatdde met hanol refining unit to an oxygenate
conversion 3 reactor, wherein at least a portion of the nethanol in

contact with a cat al i‘St I%ﬁé converted to a product includi rz)? olefin. 1 10.
The metlhod of c$-ai m The@etord of elaipp L ifaiiheg compEsing dyesingiagBmol fisgh 2 t he

et hanol  syBLheSng] &8RR redcPordh 2 BNSRRALS ﬁ%’h‘éﬁf sion reactor, wherein at 3
| east a portion of t}ﬁle metrﬁacnorl |an cont act nvmt a catalyst is converted to
a product 4 including olefin. 1 11. The nethod of claim9 wherein the

catal ydt conpri%es almpinethotl af clain §ifeter camatiying dirgctir® at Teast avet hod of cl ai m

11 wher,ein_the | ecul ar. sieve cata .2 copprises a .

5111 codr urm b EbBRGAu v B mr bl ity GO B frrrSftuaeersios sapo. g,
SAPO- 1B, SARG GheRAPS 1675t 2 SORON T theSARRRA in SHRERHith a bt HHRR 34, SAPO- 35,
SAPO- 36, SAPO- 37, SAPO- 40, SAPO- 41, SAPO 42, 5 SAPO 44, SAPO 47, SAPO- 56,
the metlal coonemsdioRprodiarencludrgeriinor nmixtures 6 thereof. 1 13. A method
for maki ng net hanol conprising: 2 directing a nethane containing gas and
oxygen qto a par{q al i i - I ef r f- and

iy acting o Frrid " pofi Heklty ich PO oqhyik Bl BB B MBRARA BBAL, Pheci <
react or2 anitie meslemohsynfdasisireartdrao an byvheastarcboversibn saaotoheshaein@act or; and 6
recovering a product ﬁts from the hydrocarbon synthesis reactor and 7

Y
di r ect iing 535 EPOFER Qﬁ% ¢ Wsthapeldp epntgetavithy eatel s eonyierted fampmogwety ef or mer .

4 including olefin.

f—

11. The method of claim 9 wherein the catalyst comprises a molecular

N

sieve catalyst.

12.  The method of claim 11 wherein the molecular sieve catalyst
comprises a silicoaluminophosphate molecular sieve selected from 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, SAPO-42,
SAPQO-44, SAPO-47, SAPO-56, the metal containing forms thereof, or mixtures
thereof.

AA W AW N =

13. A method for making methanol comprising:

directing a methane containing gas and oxygen to a partial oxidation
reformer to form a syngas stream, and directing a first portion of the syngas
stream to a methanol synthesis reactor and a second portion to a hydrocarbon
synthesis reactor; and

recovering a product gas from the hydrocarbon synthesis reactor and

N N bk WD &

directing a portion of the product gas to the partial oxidation reformer.



WO 02/ 26677 PCT/ US01/ 28106 -33 1 14. The nethod of claim 13 further
conprising recovering unreacted 2 syngas fromthe nethanol synthesis
react or awolozizaserti ng a portion of the 3 recovered syngaspermUsoismemwndary
met hanol synthesis reactor or the hydddearbon 4 synthesis reactor. 1 15.
The met hod of claim 13 further conprising directing nethanol "2 fromthe
nmet hanol synthesis reactor to a nethanol refining unit. 1 16. The nethod of

claim15 further, co i Si ifecti | east. a 2 port.ion of t hanol from
t he met hanol re]'1|4ni %m%dgogéﬁlw&ﬁﬁé?@om&g& CrBg P‘érﬁ?ftt_ , wherein

at | easp aspoakifiom @k nidiRndesy s redbtdTQRl Akt NpRiGRbAYSt is 4
converted to a product including olefin. 1 17. e nethod of claim13

f ur t her3 comgroiveties gyrlias éxe Fesgnedasy metipinobsyhthsais répstarer eertyidrappibohesi s react or
to an oxygen .conversion reactor, wherein 3 at |least a portion of the
met hanozlf i%y@}é%tlsar%?a\%'th a catalyst is converted to a 4 product including
olefin. 1 18. The nethod of claim 16 wherein the catal yst conprises a

mol ecul br 2 si é¥e cdhahysltiod df clém [Bhfarth&tdoatrisingalirtiinghBethtigsiei n t he

nol ecul ar sieve catalyst 2 conprises a silicoalum nophosphate nol ecul ar
sieve sbl edioBl! P&W@ﬂ@@}“@ regepRs g a negimnol refinmenmiti 6. SAPO- 17,  SAPO- 18,
SAPO- 20, SAPO- 31, SAPO- 4 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO- 41,

SAPO-42] SAPO- 446 5 $RRielilod PARRES fubihe: dBRIRlsineQe8iiY Adedsof st her eof

or m xtures thereof.
2 portion of methanol from the methanol refining unit to an oxygenate conversion

3 reactor, wherein at least a portion of the methanol in contact with a catalyst is

4  converted to a product including olefin.

17.  The method of claim 13 further comprising directing methanol
from the methanol synthesis reactor to an oxygenate conversion reactor, wherein

at least a portion of the methanol in contact with a catalyst is converted to a

W N =

product including olefin.

oy

18.  The method of claim 16 wherein the catalyst comprises a molecular

sieve catalyst.

19.  The method of claim 18 wherein the molecular sieve catalyst
comprises a silicoaluminophosphate molecular sieve selected from 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, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, or mixtures thereof.
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