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PRO\/DTERNW\“N“MHMMTHE | NVENTI ON The present invention relates to a
process ration of hydrocarbons from synthesis gas, (i.e.,

m xture of cajhes monoxi de and hydrogen), typically |abel ed%t1 vember 2002

Fi scher - ess. Particularly, this invention relates to the use of
al um nu \Mim Hﬂ‘m‘ uori ded al um na su orted cata Sts containing

cobal t %qum and FA%CH{E%Q{RQF%E%& ﬁ@? o) ¥%:E§ from boron, 10
phosphorus, * Ssium nanganese or the Fischer-Tr opsch
process. BACKGROUND OF THE | NVENTI ON Large quantities of nethane, the main
conponent of natural gas, are available in many areas of the world. Methane
can be fised as a starting rrateri aFIEIﬂ)OFh&IE)rN)cEMI‘imn of hydrocar bons. The
conversi on of t hane .t o car bons is.t o Led o t .
steps. In the ?:IFlll’e fesg tmvetﬂ% an%s t(l%proceslgg %lg r%%)aray?rh(?fr Y ré)(l;ar%)Ps b S?’I}ét\? sgs/
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Fi schejqg Tr g}%ﬂﬁnéy&tam $nandl&e BhSRREHnd, rf&@l?ecfhsc%rqq%& pr8@desd™1 scher Tropsch

reaction(s Catalysts for use in such synthesis usually contain a

catal ytically active netal @A@%BBQN@O THEJNVENEIRY New notation of the

periodic table pfrgd hnRicesmMimnc, WY Bdin téndoRbd: @mrﬁlfgap WNQMlable id Rany areas
particular, iron, caobalt, nickel, and ruthenium have been abundantly used

as the cat & Y Wors | Metbaoe cgrbesed psa siening matesialjop HFH’é?ﬂu&‘fﬂnr%f\Pé‘d’B@é‘??“f difd to
be nost s uednaabl&l bfahetiaé &l hydiob@boas Brtﬁﬁ@ﬂﬁ cdrReddut G tws ¥RPNEShS figASey Bethane

converted to dro rbons havin f|ve or nore carbon a i.e.,
Chore 18 sl S Wi Y bRk SRR L D9t Pree ki SRBRATH 0 P dheten
catal ysts ()fei; e;mthesmgaabmyogue) bra sﬁﬂméstﬂj’,mtmga&sadﬂd'emdsmpplﬁfc‘arb&{s Gar ner

material. Rheniym i venber.. 2002
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synt hesi s fhﬁﬁl@ﬁdugnﬁl ﬁd’rﬁcunﬁ GiRdnY cEbAR! AL 28d MfeniBR BhveOtbey %ﬁlﬁﬁﬁrﬁly NSt adfhe
desi gned for adequate heat’ exchange capacity. Because the feed streams to

Fi scher - Tr eAd¥isalbeagive reqtply Sbadaad a&ﬂ@mg&lé'ége Rp found e proginitabledprcaiglygng a
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D ocass halombie: BUHE REGE ettt PR cathviaien: Seat Bofacubs tibsersty,
e.g., e®Hat oeror matelpr@hotgasy atsapphit gh@rriel fQateddl Uhehiunpus dwidelg lusedpromoter.
petrochem cals. The first major comrercial use of the Fischer-Tropsch
process was in Germany during the 1930's. More than 10,000 B/ D (barrels per
day) of products were manufactured with a cobalt based catalyst in a

fi xed-bed reactor. This work has been described by Fischer and Pichler in

Ger. Pat. No. 731,295 issued Aug. 2, 1936. Mdtivated by production of
hi gh- grade gasoline fromnatural gas, research on the possible



15 use of the fluidized bed for Fischer-Tropsch synthesis was conducted in
the United States in the mid 1940s. Based on | aboratory r@sDpyesber 2002

Hydr ocarbon Research) Inc. constructed a dense-phase fluidized bed reactor,
t he Hydrocol unit, at Carthage, Texas, using powdered iron as the catal yst.

Due to di Sappﬁ{:erﬁiécﬂg'jr@bé@ﬂ fealffon GRIDIRS s:i.eo&mnﬁrcq{,@folgamﬁ&rpt# EBon Rdhdxitl & N9
natural gas prices) operations at this plant were suspended in 1957.
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such as ghdffoh WaP HRPUGcrfRl WhE earBS1980 R CAfASRS lateR WirShyPRit@RE arliOrropRe3deatifd 2
| ssued Septenber 20, 1994 Corrgserm a ractice of the Fischer-Tropsch

. - al p S
process WHRhighshydseratpor pypthedionas degreribphindhel920s. day in South Africa in the
SASQOls pl ant s. ThENGR RerDirépitiSsyrthesid feftioR9se HighRleRbiisin® anrdtehcREPNEE RABR | Ne

in relatively high-tenperature flujd-bed reactors and wax in rel atively
| ow t enpdasignés fer asauaiehest. exeiangesapactty. sBeoppse thefeed streams tp el Teapsahirpasteny” on

the develQiEmd gasds wiite ehePhdduti sBPmsRhEdeAiquills, ARSreittior VerkalShust sk ¥tband
reaction systens_that increase th&eé,&sia ectivity for high-val ue hydrocarbons

ty. f hi gh- val
in the FOSONENoUsiyRIeGe pdFauete the rapge of diakid hyfirgearbon produgts, Thy Pregesyi es
descr i bendsbenidhiiderdarforathe éanﬁsio.c@:?LaLHonﬁemrds u&dalaaéku B.b.b&ﬁl]?dr rﬁﬁiralfl lg3ss toga(i)g'lﬁr
varl pus reactor types, t oget her_.w t he evel opnen (0] cat a st
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Fi scher-Tropsch reacti steng.  Produc istri ion .0 roduct,

sel ectiv N %%@3‘1‘ ﬁé"% ﬁaq‘lﬁ#é 1 §/§é° étﬁg r%ﬁcf'o&c# E‘F &gk ﬁisf?ée"c%f“é’lb%?ys and
on the rEReiePdndPiARr IGer.(RE Nat 130298 ndd tAugres 1936ccordingly, it is highly

desirable to ximze the selegtivity of the Fischer-Tropsch synthesis to
the 35 produc PB‘f’i‘“’H?byrﬂri}jﬁ-cR'}’é‘l ‘f‘fg"th'gtﬁiﬂ%&afﬂ;ﬂ? 385? 8ag, fesgarghy oy r%‘&%’%ons
Wi t h15 i vase@f thedliidized bdifar FischemTrapsch /ey ead@nddddn e UnitydiSaesin i midhai n.

U S Pat, No._ 4,659 68l issued on .21 987, describes the | aser

synt heot Y007 PO absow TR 69 sePbin Fastardhn i eonS g Adpu afesp AR o

Si ze ranb&l feadtorlithe Hydrodolsunily atyCarthage, Qexdsptsidy soiered Troaps ahe sydtysheHus 1o 5

U.S. Pat, No. 4 8l9 910 i ssued on Qcl ic@8an ?E}@ and U S pat. N his

4, 670, 47957PRRIMle 155's Pl onversiongepleun bl anqlying fglural gagpyices SREraUony A fhis,

Jul . 21, pla@8¥ere sispardedin H53.e Reggrchthas adrainyeslt Bovwayer, ws devalopingshische¢ryTropsch

Fi scher - Trapsch, pr L ' Y. | S I S sel byl nyernted to
i ot hARDS S SEP Sutfl (G UEAIGR! 8 Pale RE PN FIPHEES o
the cat ak§d894i th air and water and calcination are specifically avoided in

the catal yst EomRé at Ach%c.?SPzﬁ?Pﬁ{hﬁr-ggﬁé%ﬁ%%c@.«!sﬁ} Son%feeda}?ot.d Yk ?odthlﬁre'serx‘n a
fi xed-bed reactor by Teactron w prior RS urrying in FREOI I
phase i ndéyhim SdutheAGeach thd BASQatpddntsst Thasp plantssusé drondagted | oamtysts,usd cproduce
Fi scher - T{sg ARCi) é%éﬁtetﬁfﬁi HpelE AGANRE .“r%crb?s"gm{ YR G hd iR 0w Q28 %{eaﬁxé €9,
silica, &°um na) 't ani ZIrconi a or M Xtures tnereofy such as Hlica

25  fixed-bed reactors.

Research is likewise continuing on the development of more efficient Fischer-Tropsch
catalyst systems and reaction systems that increase the selectivity for high-value hydrocarbons in the
Fischer-Tropsch product stream. In particular, a number of studies describe the behavior of iron,
cobalt or ruthenium based catalysts in various reactor types, together with the development of catalyst

30  compositions and preparations.

There are significant differences in the molecular wei.ght distributions of the hydrocarbon
products from Fischer-Tropsch reaction systems. Product distribution or product selectivity depends
heavily on the type and structure of the catalysts and on the reactor type and operating conditions.
Accordingly, it is highly desirable to maximize the selectivity of the Fischer-Tropsch synthesis to the

35  production of high-value liquid hydrocarbons, such as hydrocarbons with five or more carbon atoms
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alumna). It has been clained that the Fischer-Tropsch synthesis reaction
is only weakly dependent 1 S on the chemical identity of Zh&ommbgl206%i de
support (see E. lglesia et al. 1993, In: "Conputer-Ai ded Design of

Catal ysts,"” ed. EE R Becker et al., p. 215, New York, Marcel Dekker,
Inc.). The products prepared by using these catal ysts usually have a very
wi de r angehypfocatbbechdirar wei ghts. U. S Pat. No. 4,477,59S di scl oses

rut heni um on tani dr o ar Y esi s.catalyst f e od ctlon
of CS to C40 lkgdﬁéclg? %0396§'§'1sf\ﬁ hA ori [989 escr%)th?l |h'¥n":~:rS r%ﬁ) &PE’
range. Lbaﬁlyseﬂa:ﬁ!aés inNbe 1406 4i¢roh aﬁxtndhsdeom far usehialat sloty :etnlnaltbr- tHighéra on
titanic g%w F%"ﬁ'e referred ratio of rulite to anatase, as a hydrocarbon
synt hesj & ¥ U.S. Pat. No. 4,088.67l discloses a cobalt-ruthenium
cat alyst vvherleSt Prt. Naupfdp.0 1cisuedh en Oct 38 l98Gund PrSePar Ml 467047 2aissued pmJunor
econom c ] ed
cat al yst a0y A SpbeE Nd Rop) B efled S O, G55 5h0365 AReRr i BHRRL
e.g., thduneFischerTDppsh pt‘éattse it winich syathgsiGRY isdelsdivelygenwarted tb higher imrpaartioss]

cobal ¢ 26 RRNAY SpebBSRhIF ke SO0 b L OB AR

di scl osecaldiratiors@e specificaliy aymdpfﬁ wrthe eatalysh prdpadetioo prdseduse vihe gitalysinae adivateder ved
copalt - it bec ey effion ikt IR 5 ATy T ROBRBhasd LARPIRL: of

catal ystaiwi th selectivity for olefins and hi gher par af fi ns 30 Despite the
catalyots ust AR iR IP ORI i P CePrUERER R ot paRERbe gy
known i I’ltyblbﬂlyaliebn okldes eegsslﬁéa, Ialunanagrtmia ziredhid or mibaurtd ﬁ:yreae\auuhaﬁsaé:mt s for

nyar ocar BURPRGER ot naed Bk e B Honsch G At R Ry el dpfboert

pr odL edorathél cliefiisal ideeutp loh the :is:tat 0Lide sippert (sée E. l%lbsnhkavﬂrrb?es IROQIbnﬁth OF

Py cir ocar BOTER O AARDAE e TIod PARep P b 215 THioT wky Arge Do) o gfbalil ! 19

conpri seprepaadtbgaiking these d‘aagdtsamrauﬁhwe(arvpnymdmgngamm@,enarmd;hsar bon nonoxi de
with a cataly one i.nt ai version

conditions 5 Q%f ec'tﬁ?/éﬁ? (%HSO Oficee ey o ggf"aéif?‘e%lrr?cé%’%?y"thgs's B8
hydr ocar the pedudtion af:Cg)todamdgdearhortshw@ a myjerityiof paraffineinalt @& tpshHguage US. t he
process conprises cobalt, rhenium and at |east one elenent selected from

the &f ouBatc%‘hs“ﬁé?r‘%d'é‘f'“GbF GPbaliRg cpbadmdrandditanihbpvines psefeirad ratiq g 19 r om

the groughatad)ai & hidi8cadonalhthdstlditalysti oUisdpatane. 4,088t dRélosdt b EbBARSutheHidn
i nvention al so provides a Fi scher- Trolp ch cat st _conprising cobal
ney 2o B e

r heni um St Where the yRpATEsan Og fifnfashuh g fop PRORUME <2 “écpe%tpf“r om
thle grogpg.oqnsiosn idiglosds alerm_ﬂnﬁmép@twf Scﬁilal}'&tu&,vm@][&dbaﬂl ﬁjélﬂﬁiﬂﬁléan?}it@‘bh@i} or

sel ecte ro I ou consli stin (0] a oril de n uor

oL e o S Grapd et e S Bpa, Frarean caeny N DD diidstice S stpmariebeoott o
Sugpmte&tﬁyssﬁgenamm&m;m&ﬁnm nEBYRRIN &idog cidbsiml. Vi ng r heni gm c;)rrpound
an a prom)te COI’lt al ni g co oun slturryl ng
a support rrat&'FeF'!i‘Fm'i‘arluPB blicptien ﬁ&egse}%%&l{l %f@ﬁg% 5552‘15? e uggRfirhgoim he
support  pemsRtsQad e&cﬁﬁm&awz@ﬁ&u@eﬁmtﬁérhaﬂu@f al umi num fl uoride, and

fluorided al um nas.
U.S Pat. No. 5,248,701 discloses a copper promoted cobalt-manganese spinel that is said to

be useful as a Fischer-Tropsch catalyst with selectivity for olefins and higher paraffins.
30 Despite the vast amount of research effort in this field, promoted Fischer-Tropsch catalysts
using aluminum fluoride or fluorided alumina supports are not known in the art. There is still a great

need to identify new catalysts for Fischer-Tropsch synthesis, particularly catalysts that provide high
Cs™ hydrocarbon selectivities to maximize the value of the hydrocarbons produced and thus the

process economics.



. This invention further includes a nmethod for the preparation of a supported
Fi scher Tropsch catal yst conprising dissolving a rheni um conpound and a
pronot er containi ng conpound, adding a cobalt conpound, slurrying a support
material into the mxture, drying the mxture, and reduci ng, pl % d@hz
m xture in the presence of a hydrogen containing gas, wheref n PHE®Brondt er
is selected fromthe group consisting of boron, phosphorus, potassium
manganese, and vanadi um and rial is selected from
the group consisting of fl UOW&}YE‘ ﬁhgﬁg{lémﬂﬁ?lﬁum fluoride. This
i nvention al so nﬁmwﬁem aoﬁa@emeg‘s@hd F3T 70,219 s ﬁgd&ty@n@&a&ata@ﬂﬁ ancC o Apthb&iong
contactlngafeegrt [th'[‘% r|S|n dr oge en an (gt m)ncmg \Mthﬁ‘z
supported E&ary st 7i4a re%l CBh © rleS DEET R AR 8r%?fn CERTEPS PEHESP SRSt i ng
conditi onscad:fohemtnnxnee twoh prcaelunen ameaetidnl 208 naistainedian ovpdidrsiraigoting dbmititinbons.
I n accof da t he. used in the process
conpri gstras ‘%ﬁ m%%% proiauucegnetﬂ %P%reglflc?mpnsfn%% d;,lm%lsbtf‘fIrlrsent sel ected fromthe group
consi sting of borowrdapdeosibibs ingentiontteseialyy usedin geerpesess campriseacrdali, bhrenivam d
one o Tor SdShRAR L. UBAAS died FEAE Bflud LMD B0:8H Brd SAELHEAL nh b8
uori de, and

titania, titani a/alumna, zirconi a, m na alCum num

f1 uori ded Siscigfl fiam thegroupEanstirry fEREGRIHYOONe a6 firpred NVENAS.ON The feed gases
charged to the ﬂﬁ@ﬁ@éﬁo&iﬂs& B%vid&v§pfsélf3ﬂ’r&9ﬁ9rcht§l stfum;m?g%obm renfiddLQROen
source, and carbon nonoxid HZ/ CO mi xtures suitable as a feedstock for
conver § nPrP’BOtﬁSIG?‘BR‘EWBoﬁsle?JS&cO@F dilsmsnt selectrd Bomcie TP sappigingnefe P ANt an
be obt ai ne@oﬁm@mhlarﬁmt suppoH P6BHiA) QRIS &G A% FBI@ASstthe of 2hiniNAME ARGIde 2092 by
means of s Eéﬁgform ng, partial oxidation, or other processes known in
the art. Pt the hydrogen is provi ded by free hydrogen, although
sonme Fi scher - TrTHis kRertiah 3lsy$rtcmd$naa/&1eﬁlud ferheBﬁl*epaWbﬁlbf@aﬁppShédL Fxsd&&t'fr\iii)st:b/ to
convert so r rogen f.or use in the Fischer-Tr.opsc

70" or ef ST YR Pr S PebiPh SRR ab g il CHFBURE ROMSRTHETIR ¢ h
feed bE grehtleconipoam, ﬁluxfﬁylﬂ.g:(mpg)tt miterduiningbibel tnixdur6 And dryithl)a mikuef avtakinythe t he
feed gas s i dr rhon naxi d a, hol.ar ratio of
about 2:1. &#ﬁo@}s Se‘i’% ﬁﬂg% tm);gmlf%%nm% %flcaﬁmgléur H&%n 76X féuondﬁldhalunfjeed gas
stream shoul d cBnt lathlen fugher dephislena methpdfer tie pcqpmpmmf 2 SQWPOS#(EthttsTrDmm
have a del i@yl &Jﬁﬁmﬁ’iﬁé &Géolxﬂ{} 4 REGALFhYaLd arﬁ‘é‘iJ?orﬁlﬁerQth%%E cotifund%

the feed gas ‘'may need to be pre-treated to ensure that 1t contalns o
concent r at fo8pcaPounsh slyyieg a #iPProgeriat BpBe Wa@urw@hnga@e NS s reduding the
anmoni gy anglied aliRERYA ths Plefnblesta h%ogen%éntm)@éme&he?&o@ pofiofePB Yel &R foth the
contacted with the cat aI yst in reacti on zone. Mechanical arrangenents of
convent i onEPUPdEYFiFiinengly bisen, éﬁ‘ﬁf’rPB%ﬂ ROLISHR RIS NS JARAdURE PR MRETCInT Be
exanpl e, fiupgeh heehal s |s¢lédfhd2£&>d1 tbegmu;sdoummg pm@ﬂaed&lumayanb dRRIRmIRbHM),
reactive disti I,+at| ontco urmé Or ebul | 3“ n(lgd bedﬁf{e ors, anong ot hers% may
be used. Accor diByFyeiohEsoRroides Prshss Jprupdupipe d P‘Pfec‘?f’é{’f‘é'lng&maﬁa?% cles
may vary diegesugamgoropristigeydregintand carborwhionokidé heyaauip@ontt@l daalysns&d realiieh @Gt i ve
cat al y C@Mt?ﬁ%p ttscogx?eedonl-pr}or'%m {ng clorr1] Lt?ong C&&:tl‘af [ teo urclz ed n% utD apnr coed 019 a
support selecte fr the groupEicnet udr ng st oda T faRi c ani arar Ui na,
zirconi a, laMdegirbens. hl agmr¢mm Vithuthysi 1d'@)ltuandlef0htabstl Ldeﬁmethwpmms ccsnplnsasa;obalt
titanic, t ani ' - r et | s at
| cact one Atk S8 ) Bt ThEHrfChe/ ST, i, BT IBRGUEE o rs B
eta- Al F3, PROsHEmmmangpes:, akemdlmm:@dmd/oo moterruppprtAnRglals Pleeted fioadhs goport s
i ncl ude al 1H£de]fi’g algda allt'ﬂllq!l nHmuwaHQﬁdad%lrcdgfaefaﬁ{n{lﬁad aﬁ’ddﬁﬁ&xﬂuﬂiﬂoﬁhyoﬁddﬁu&}d&l’m ts
are aluminumfluorides that are primari |l y al pha- AlF3 and/ or bet a- ALF

Fl uorided B¥WAna i s defined as a conposition conprising al um num oxygen)
and fluorine. The fluori depgeRiEEd Dggcm[ﬁwpmlm can vary over a
wi de range, fraom about 0.001%to 1 S about 67.8% by wei Pr ef erred are
f1uorided al um Hededagpesichray tp thmpracegoal e t"esefée%ﬁ?m%@/(?wogﬁéa Yt bdFageR i ne.
The remsuT rr]Hd&rl’ce ,@hd &mnfnhduemddﬁqC@Irmnmfa:as&tempmefaédsmu for édnGersistetodl drBEamsm and
oxygen e C
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. The support material conprising fluorided alum nas and/or an al um num
fluoride may' be 20 prepared by a variety of nethods. For exanple, U S

Pat ent Nos. 4,275,046 and 4, 902,838 and 5, 243) 106 di scl ose the preparation
of fluorided alumna by the reaction of alumna with a Vapo&%ﬁawm%a2mn
fluorine-containing fluorinating conpound. Suitable fluorinating conpounds
i nclude HF, CCl 3F, CCl2F2, CHClF2, CH3CHF2, CCl12FCCI F2 and CHF3. U.S.

Pat ent No. 5, 243, 106 di scl oses t he preparation of a high purity AIF3 from
al um num sec-butoxide and I-iF. 25 Metals can be supported on al um num
fluori de oby eRark lofieedngl eaﬂora:ingnjaanm oxida&iox adriottely pn@éesmyﬁowrﬁarth@tamlt‘@ablﬂhs
zaient f lN(JOI_Y%(ZggQ 26r?7)]v1§%c§ gjb?reee ﬁ¥c}roLFsc:n lt?\gf?' lil?'sté)m%%tlslc%eﬁ {oé)C(i'lll ca?a'ljgg l'ta\ée gugp iclent On
t he net al . wileQas Haft estivitNo. co@eﬁ 5®n®\b29erdo lsx;llrctgsrebr tifeen the Epareaiftopwh ofocas It is
mul ti phase i i

ncl udi g Bnars 8 . EAMRARNS bORuRERE L abi B O IRER GBS (o
PCT I nt. 36oRabdut 0Kpto B5)/ Hrefe@bly, wi¢ el erssteanheniping pydregen aml C@fbowmomxmals e
catal yst coRRPRtib bPHRuCOMAHE Fel gasrm&yagléo csmslutcmﬁsg @ml&o TRORDP NStdhnthSAET Sed
with various netal fluorides including alum numfluori ses of

al umi num f PRRGHY a@wwewn%wepéyonwem)s of plementsothel hreedeletaiquifepiraaihe cathlysts
described GRnlk 1soE§tP€P§xamgle the BB g A n‘egcﬁo bE%FeQF&teJNQ} enﬁlrélpﬂZt i thtai @l U. S.
Patent No. 5, 46 n% 5 Al um nas that have been treated
with fl9osFeeqirations ioff sylfyp of m@yg@w@ﬁma@df ﬁ‘&éé‘s dedresenpaldide prmanisped rabavdnt
Appl i cati ogufNes. EP 497, 436 can al so be used as a support. The di scl osed
support conprises from about 0.5 to about 10 wei ght percent of fluorine,
fromO0.5 to about 5 weight percent of silica and from about 85 to about 99
wei ght percent of alumna. 5 The catalyst contains a catalytically
effective anount of cobalt and rhenium The anount of cobalt and rhenium
present in the catalyst may vary widely. Typically, the catal yst conprises
fromabout | to 5% by weight (as the metal) of the total supported cobalt
and rhenium per total weight of catalytic nmetal and support) preferably
fromabout 1 to 30% by weight, and nore preferably fromabout 1 to 25% by
wei ght. Rheniumis added to the support in a concentration sufficient to
provide a 10 weight ratio of elenental rheniumelenmental cobalt of from
about 0.p01:1 to about 0.25:1, preferably fromabout 0.00l :1 to about
0.0S:1 (dry basis). W have found that higher selectivity and productivity
catal ysts are produced when a pronoter selected fromthe group consisting
of boron, phosphorus, potassium nanganese and vanadiumis added to the
cobal t-rhenium catalyst. This is quite surprising because boron and 15
phosphorus are typically considered to be Fischer-Tropsch catal yst poisons.
Additionally) and even nore surprisingly, the catalysts of the present

i nvention exhibit both inproved conversion and inproved stability, with
long lifetine, relative to prior art Fischer-Tropsch catalysts. The
conversion is particularly high in the case of the boron and nanganese
pronoted catal ysts of the present invention, and can equal or approach
100% The amount of pronoter is added to the cobalt-rhenium 20 catalyst in
a concentration sufficient to provide a weight ratio of elenental pronoter;
el enental cobalt of from about 0.00005:1 to about 0.5:1, preferably, from
about 0.0005: | to about 0.01:1 (dry basis). The catal ysts of the present
invention may be prepared by any of the nethods known to those
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.skilled in the art. By way of illustration and not linitation, such nethods
include inpregnating the catalytically active conpounds o2l pogaehes0€ ont o
a support) extruding one or nore catalytically 25 active conpounds or
precursors together with support material to prepare catal yst extrudates,
and/or precipitating the catalytically active conpounds or precursors onto
a support. Acdbe died@hyis comtactalupithahe eathlyshiinad rgsttion adnet Meciphisieatangemeatstof on
may be used in t formof p er.s articles, pellets,. monoljths
honeyconﬁgfveﬁtg’gﬁggesf%d@y ;’%gglmf,gycéin%f a%r’%)aﬁé "s@"?ﬁ%chﬁ‘eli)" forr SREP lreéglx#ePﬁdOd of
pr epar at iftnidized \bed,astyrranicsg stuny dablsk icblumsl resctivd disditation delpendorngpuBing died
exanpl e on the desired catalyst ,particle si,ze. Those skilled i.n, the art are
b6 to daelety oTHE RBSe BT L ree” TArhByD e Giog R Rl 5P i s
One nét hartioks may pay depgndingsangixonedcen imeliicl theatratopsusede. 9., a supported

.COb.al t , cobal t’I/hg Q&Wel{:g%l &rcoﬁg&%h% /u{eEFi‘rmh'f’srﬂl el;lﬁgpatrerargg‘itoa}'lsxg to)‘ted §n F ¥ pport

i nci pi ent wetness |rrpred'nat| n o e suppor W TR an aqueous” so othP8n of a
sol ubl e meleci¢d gt theugrqumdnchidingatilica, titpiaatitaniableingl zemnin afumioy, alynginkm ke,

Mot her 3 h i NQ.: 0 uetqal{{% . ca j
i npr egnaﬁugﬁéef gc ﬁéoﬁé@ﬁ%%@%ﬂ%égﬁ}.\ﬁ}eé& 6 ?%%ﬁ@éﬁ’%‘bﬂ%’@yé‘g’gﬁn&g’et he
suppor t edlefiredads etaleastyane flyroinym fluotide (e-gretlpha-AlE3.t betoAl 3pdelfaekiFpdetaddfpad i s

to i nqprregnate e suppptt with e tgl nitrat e dg., (NO3) 2
or20)0 ARRBPRAIT dPtPe s bbprnfe- K Besisd it BaRitt i Wighie
zer o val gab;idletpRd el bR Aludrde sipp6itsShd Ahifkh 8Os idesthhQird i H%-%g?
support with a solution of zero valent cobalt such as Co2(CO 4( 12
or the 5 ahd/ésehetanAlE3sui t abl e organic solvent (e.g., toluene). Suitable
rheni um conmpounds, are the_connmon water sol uble ones, e.g., rhenium
hept oxi de ( ReFdpyidethajumisfisflelinidse @rrepestion cpRING 4Jumine oxygsragd diuatne.
support  ithe Qlubfst &tbnf SIHIE dorived BIURYHA! QE Viy Qverdh RMIE TRRENrdrP BbAL 010084 d6'S-
The hgdr%g;l{rtlﬁreductl on step may not be necessary if the catalyst

ed

or epd 7.3% y Welphin Prefests e Iuprided AYVRSH coNAuTiRg e O/98 1% dRiabop 9% by

| mpr egnaty@shhe ARAIHe! Tie Rmbishr o XiclfldoRided\itiRinRichmne Wil GhclfR hidfinaB drged in
the presence of hydrogen. Typically, at |east a portion of the netals) of

the cat al%Y8E rEheAoMPOTIHAT TR aljoasontin 4 AUNOE amawny sqompared i aluginuay of siligfent i on

is pr eserg&anidan,@hésgmmggir@mﬁ@nmr.,@ag)wsidﬂ,,t he netallic state). Therefore, it
is normal |y advantageous to actjvate the catalyst prior to use by a

reduction tredtfEHRPOM, Materiab coprssiag dorged Higivas apd/of; ang#ugingy fuggide may be

t enpeoat kdpared Wi £ drielys oft MEh6R! Aoy Thankple, WU.Sata0sle Woi. B,2h5 04608, 902,938 laad

tenperature_in the rg?ege of fraom about 75C to about 500C, faor about 0.5 to
€

about 24 gt 86 disclose fiedueparationt thypridse! alming by Higasactes ohplimina yith \pReHaRA may
be used ifuofikeecontathity fl@dtinktin@adoPalind. Buitdtie/ flGorikhtiigWompOind§ Yidfuag &IF, @THLRN
inert gas such as nitrogen, or a m xture of hydrogen and other gases as are

known i n GHzF2aGHCIEY, FHEHFoaFEECHTa owil déiFandU SaPdent Ng 243606 digsingest then

wi th pure_hydr.o and reduction wWith a mxture hydr ogen and car bon
nonoxi de PAP mB?'g(%g‘rW@cf“"%H&e‘Eéh%'ﬂ ﬁ?’mg\‘“mfﬁgﬁ’]@?ﬁ’%d‘éﬂ%y range from about 1%
to abhgut 100%pNpyaty CAnb¥upported on aluminum fluoride or on fluorided alumina in a variety of ways.

For example, U.S. Patent No. 4,766,260 discloses the preparation of metals such as cobalt on a ¢

fluorided alumina support using impregnation techniques to support the metal. U.S. Patent

No. 5,559,069 discloses the preparation of a multiphase catalyst composition comprising various

metal fluorides including cobalt fluoride homogeneously dispersed with aluminum fluoride. PCT Int.

30  Publ. No. 97/19751 discloses the preparation of multiphase catalyst compositions comprising metallic
ruthenium homogeneously dispersed with various metal fluorides including aluminum fluoride.

Phases of aluminum fluoride such as eta, beta, theta and kappa can be prepared as described

in U.S. Patent Na. 5,393,509, U.S. Patent No. 5,417,954, and U S. Patent No. 5,460,795.



. The Fischer-Tropsch process is typically run in a conti nuoEE{Qrmge. ln this
node) the gas hourly space velocity through the reaction Z F 2098 y nmay
range from about 100 vol unmes/ hour/vol ume catal yst (v/hr/v) to about 10, 000
v/ hrlv, preferably from about 300 v/hr/v to about 2,000 v/hr/v. The
reaction zone £t a I begn l;ré/a? d wulth Muosﬂlc}cha%l @g&égsucpa&gﬁl’s‘g dé‘s(c5 ed m 25

about 300C. PAe eragf THE T 63CTT 0N ZORE I's op

promot i NEureRad| Ipatbmﬁppﬁ&atm meﬁmgﬂes chd 2150 Bl ad HXppbr@ &h@ﬂa‘sclé’s@@@ g&he
reaction zone pressure is ég‘épn t he range of about 80 psi 53 kPa)

to aboutcwsﬁsqrrgakoe%atwgw)w exgpnt of ﬂ%‘m é@mdls tp abeutP PErEeM hout
600 psi Jof(sflRa énd<tiin abotI8h csau,dut9qm£1gu|péteérebe&mrﬁmafrom about 140 prig (1066
kPa) to about_400 SI g (2858 %‘f ﬁg The roductﬁqresultl ng fromthe
process wil |l WH’\F@“‘ skfoaitns p sagetaily ‘T"E&"u? tcand thegivm, | Theyamopt of oy pon

nunber rabge asf rhédigm pf@dmﬁmb\ymmafap@m ww&ly Sydally, ahe cailsd0empRes famt | nue

ol coul eboth e e TR St E%ﬂe?a&“hﬂfwéﬁngl&?b@a [ ¥oRE Bavi ng

five or ¢sigicandtdland aﬁpim, ]ﬁ&bﬁblya’l'dnyabmheh td BIG%6 dbly Onesigzh, &f\&rn&iﬂ@ﬁﬂfeﬁib@f fesrhi ed

I
Novenber S6350b i Rt SuaBns RET b wBRTCR R AiEatron WhEerdarelidhe 2one
willie ypweiglhtlrynoadffelmdndai menudn plhm&mlpnhx&mm:rﬂlbomtm@onﬂa@hbcmno.zsmq)raaewlgt| ng

condi ti o ent tream of the reaction zone will often
be a mx gé&glr @fﬁ?‘ﬁﬂ?ﬁ rﬁ&ﬁ qui d and vapor phase products. The
ef fl uent st rewm lale tfhmdrtﬁactt:glmn seleni@ityrayd tpeoduaﬁhtgcbatatysefefrecptodhdsea when a

condensati on of a amount s 5 of h ons a assed |nto

Capor T erae e fof "t sB B X SN PAGRGS vRBEE: Pfeatelt nd

pr oduct Svanddiem\iapddedploahe cobattehidniim naglysbe 'nﬁsi;;eqhuermq)namg adecduse Birag andf
cool g f.or recove addj t car bons, The e materi al

£ om 3 hePPprorariafiofly Sietye 28 B PRI RBich am By b ians. M4t FaRie o
a subseqmenet sus@smpiy] ﬂmncamdyse afetiie lpesénednuemncm exhibuabdtln dnprova@in can®érsiom and

Typl Cal l%lHJ ovegttéllﬂ l&l ngh E)n anpm delitbmglto l'l(?‘ aItI ISCEﬁ}]'-LI?O en’al ya?ysls qﬂe conversion

hydr ocar bons s pr op Bne an ni-ng" hydrocar bons
nmay be pasgmeitularly high for &@tcaaermftthorbomolaamanbmesﬁ ploeyted reatalysts aof ethee grebppt

0oL 119 Sklon RESE: 0 BLRAHF 10095 U5 BR3P Blfe KGHATSDBABh e | o

Hydr ocar bons r’ecover ction zone and havin
abov@0 t heatalyst intadrenaresition dufficion b providey whightsatiosedlemantel mwgmlqmnal cobalt

processi 5'(%0‘?:95\1?9{33 0§&'?J‘ab@ﬁase ?SFL‘?&?&W? o 84B04: MoWbBiG'0.019 (B ?’%ﬁut heir

nol ecul ar wel e gas p ecovered fromihe reactor zone'e
stream aft er TBe datatyists@htho presand muensioy mayihe prepaneskttyiaay pfithe methodsdaowd toj those

cont ai nsg e hout
further & aqg’gﬁféeﬁgnrﬁy QW L&%t%e%xqﬁtg?# %ﬁlgpgﬁﬁTgtggﬁﬁ&tlﬁqgﬁeg@&gn Esi ng
t he desceatgiytically h@welcnmpmmdd Iz pre¢unsorede @ ruppanty eniryding ang drtsorf (ghthkytically

extent. Jhge Lhdoilsy predh RO gi@%@é \ﬂﬁ&ué.&%nq{?at&ﬁi‘ & griffaft Al r?lsl éﬁ&%&g&&t %%} and

not as constraining t cop esent 1 nvent’l on
what soevmmmeeE@tMWeﬂsahctm @eemés Piopre@usach offte sit sanm:h A@f:ordxhely.c@m al yst

sanpl es Jdeca&ggust ! ;bas tqmm.dalrm@r beliBed' RGnl ﬁﬁ\bﬁ’ pb@&{) M&g%@ﬁé&

reactlon ecat ewaspae In a s tartz 'crucigle in
chanber @ﬂ@lyﬂl}r@@eb’omnbhpﬂﬂiedswsémﬂagogelslo 6 rrB/s) nitrogen at room

CT0o6 I 8) ‘E@d‘ R PO RS A b SRR B PRACRRAREC -
30 for example on t e desired catalyst particle size. Those skilled in the art are able to select the most
suitable method for a given set of requirements.
One method of preparing a supported metal catalyst (e.g., a supported cobalt, cobalt/thenium,
or cobalt/rhenium/promoter catalyst) is by incipient wetness impregnation of the support with an
aqueous solution of a soluble metal salt such as nitrate, acetate, acetylacetonate or the like. Another

35 method of preparing a supported metal catalyst is by a melt impregnation technique, which involves
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~hour. The catal ysts were then heated at 1 C/ mnute to 400C and held at 400C
for four hours under 100 sccm( 1.7 x 10-6 nB/s) hydrogen.2lipxensberpd®Rs wer e
cool ed in hydrogen and purged with nitrogen before use. 30 A 2 niL pressure
vessel was heated at either 200C or 225C under 1000 psig (6994 kPa) of

H2: G0 (2:1 ) and maintained at that tenperature and pressure for 1 hour. In

a typi calprdpdiing o WgpPorted thetdl) cathlydt Meont @OoMelesl methiadaSt 0Ad Grelferftll khol-i9@b ane
was added to the vessel. After one hour, the reactor vessel was cooled in

i ce, ventimgregnatecthe supnottewitinh ndtam deetal nisfatel (e.g, So@ND 301 6lET0Mad ltanhtively, thhe

reaction product, was anal P689 ronat ogr a dr ocar bons
in the raHpportsan b impeegn ‘%‘ﬁb"eﬁ"ﬂ’?@b? %E“ﬂq ‘%K\ﬁ“‘!ﬁiéfF‘é"ﬁ’ﬁagVigfafeFQ/ meherEs ¢ o
t he i nt ertdahprégnae di2fsdpporkiwthlaGvRtion 3fdEre GaleltdbalMEIEas Ty (CORR| FEECD)TH BEGe t hey

are masked by the solvent and are also vented as the pressure is reduced. A
C | | 5+ Hikedatitghle greqnic lvent (a-g-hiolwend) g Suitablel thenium opmpopadsars the eammea satkr on

the int e%%l%@neﬁré)@Liﬁéduﬁﬂ‘héﬁfoxfd@?l{e%é abd iR paHIARS QRERCBY. Of catal yst

per hour. The | ogarithm of the wei fraction for each carbon nunber
| n(Wh/ n) was pihefrersegngisd fweorbﬁd*ﬂﬁ&e@ r@éuceﬁm*b@r/dresencoaraﬂwﬁrowmwg(ng n)

as the abpfih§diagen FdasichRRp flaP RS beﬂeééé’sla%fﬂnfe cﬁhnph réam.ai RN aleQEBalf, UNS

di spl ayed a doubl e al pha as shown in the tab results of runs over a
variety dp ae%fb%Pygfff?daﬂwté@oéea!w@mgmmnswﬁowoqlr@d,l9x@afdaw§tmrmr@wat%n 10
EXAVRQE | redseediGH the pRs&RSEX 1giro 8203 (0.001b g) were dissolved in a small
amount of water, added to no (NG ZGHl (4.9384 g) and m xed well.
Engel hard f1 udPPically &) loast ﬁaP°(‘l?§5°f the qetil(s)yof hg catalytic mekth compesentpksof the

sol uti on.cathlysrs 64 the pryseiEifivedfidnasipratenSi @redib st (i.6lSinWRY RetalBITME)] Thérotd, fie
oven and exposed to air to absorb%sture The solids were then dried

agai n at BRIl adyARERgeqys pstivate e ¢atalyst Brias &g isgdy & fedyctins tsatment; i tePresencg50C
and mai ntaluyuﬂagentheansakvadaa tadpdrdbines, t%ﬂﬁﬂjﬂttﬂé Qatfa@Et .Is&raaleaumshydma. sohi ds
wer e .t hen reduced in he materi al was

| ow_at u
cool dd arfemAeragys, éuthm'ﬁe ; ?fa@&wt e %m" R tf?fe‘ﬁ’ogte%f abo 24 houss b Ay ¢
into an ipi@kire aBBR PR ERUGISQUR. bmhyde;g@n G B¥ B4l th hatealitivh teRGedd Qb Wlagd and

seal ed for, stor ﬁgf I nsi de the %asove box until Fischer - Tr op scg testing could
be compl dPRYe FREIrEENANG R AU & b HEPESRofFRNRI LI hygfosgpand other gasesas
20%Co/ 1. QfRadobm Gl th¥a3ttsuidR 3 Eatbon itinSxiedrll 4fHon \ride) mam&dwm plEX aygrb@en 17.
EXAMPLE 2 The, sane procedure f\?@g mat er | als as used in exa n‘ﬁ gth wer e L%sed
except t 38 TeROVED 8 ikl bdrageand saron mpnaxise are arFisrelo i gmount o
conp@®i t i Hyaro@én MYt ﬁoﬂ%ft@ﬁ@&&@bﬁdoﬁmmmﬁhl s catal yst vvas al so used in
Exanpl e 18. 23_ EigAI\/P 5_ he sange g)(edur e and_materi gl S, a d gn
exanpl e 1 wer & PfdEgherdieps P’?‘ﬁ%ﬁ‘sﬁlg’dﬁ W iga e EIRNE mgde gln ¢ é“° ™% $5t  had
a nom nalhoa@npemid | Glocity 28N/ Ithd YiRadiidn1988hAl BPRaly) . maji sange from about

100 volumes/hour/volume catalyst (v/hr/v) to about 10,000 v/hr/v, preferably from about 300 v/hr/v

to about 2,000 v/hr/v. The reaction zone temperature is typically in the range from about 160°C to

25  about 300°C. Preferably, the reaction zone is operated at conversion promoting conditions at

temperatures from about 190°C to about 260°C. The reaction zone pressure is typically in the range

of about 80 psig (653 kPa) to about 1000 psig (6994 kPa), preferably, from 80 psig (653 kPa) to about

600 psig (4237 kPa), and still more preferably, from about 140 psig (1066 kPa) to about 400 psig

(2858 kPa).

30 The products resulting from the process will have a great range of molecular weights.

Typically, the carbon number range of the product hydrocarbons will start at methane and continue to

the limits observable by modern analysis, about 50 to 100 carbons per molecule. The process is

particularly useful for making hydrocarbons having five or more carbon atoms especially when the

above-referenced preferred space velocity, temperature and pressure ranges are employed.



~catal yst was al so used in Exanple 19. EXAMPLE 4 30 The sanme procedure and
materials as used in exanple 1 were used, except that Al 2EBNOGhibae2002 3, 9500
g) and P205 (0.0011 g) was used. The catal yst had a nom nal conposition of
20%Co/ 1. 0%=e/ 0. 01 9%/ A1203. This catal yst was al so used in Exanple 20. 9

21 Novenber 2Q02,:FEXANELG r'iydﬂaas}baﬁgﬂ%% prﬁqhar,%a&m mtﬁil'@n&ll$§MQQu an

exanple 4 were used, except that of P205 was used he catal yst
had a nohiseairodustsprdhe Mﬁt'%f zopg Rperatingnoqrditionso 5 Tymrefarg gl effingnt streamylof ghe was

al so usegfidh Eks.@rmh%ﬁa;tbe 2 nfetiiRlE s@mm%ﬁﬁm% gmecae&iu%% gme g&h&u afg as

used in exanple 4 were used, except that used. The
cat al ysteffhisat sirear of HigIreaciomznse Mmay he solegoetiget ﬂwmﬁuﬁa&«mfmﬁwﬂ FHQuSts

cat akysiyr YafodktdAs klﬁl%ssb@m@(@%heluﬁgd sc%hﬁ)ligne?seﬂ@atm%_ bR l.gaarﬁndo&ags.e,ﬁlugee and

materials as used in exanple 4 were used, except 250 g of 'Al203 and
0. 0530 grqs'fmtpzé”!aemPh@@&wteﬂﬁlemesa%vwd ipfg @ sgCan ﬁ'ialﬁf‘a‘l’f cpligsder feeensott

20%€C0/ | .aQ8R6H 2P h3ibéattond) 3 ThIhiqﬁld hed! piSbrial\@dmoghe (ihulthfi Q@pdriliqis 38atior 3one

EXAMPLE 8 The sane Bgoce ure material s as use i n exanple 7 were used,

except tiegsthenwishany fawd frem agpbs PeRhWPHAUCR NGB bepfygyty frastigeagign colpn

cat al ystrybaﬂlyalark&mpn@gcommégsmwom kst BQ8hse l;gBP/ﬁTiﬁhiarM/s&dt.Za@paopﬂu §ndd

cat st was al so used in EXél\/P e sane, procedure an
qu« albutang;  Jhe gemaining hydspcar %1"13’ 6 PR E&%é%‘t‘“‘l"ﬁ%ﬂ”&f whers they are3. 9500

22) 289/@/ 1 6%& ﬂng bint\Rhg: .umeloduabamﬁa; Riplithi, khlafbnaaxmcmal . I@}Qi’ﬁbla&bﬁzsls on of

i s .cat st was, al so u e

EXANPL EFEGveFFb e, rﬁ%&?gaweanghavw Bt not aodie e PFE et BoMetaahE s ea,

except thBphsséd afis C({l@@htiﬁﬁﬂ préteSiig@q@ipmaitdudBi ja f(yﬂr.oaa&ﬁlggaoné/\@rcﬁddd 3€ ¢kduckhe

cat al yst had Eﬁgom na 03|t on of 23(/% 0%re/ 0. 598/ A1z03. E S

cat al ysthsjpmoieuar weisht ‘g‘e JBOVY MBEE‘“fT"I"ﬂ%eg Hent PR Afife and

mat g6i a|h§drﬁ$arbtﬁﬁdcdv&yed@§mpbﬁtlﬂ.lly«mdi)eledsithdconﬁiheﬁpﬁfﬁtn&ﬂhuﬂlw hydebgefand/or3. 925

g) N -|~8'§H{‘)5‘i’0 1080 g) and KNO3 (0.0065 g) were used. The catalyst had a

nom nal P¥'Sn of 20%Co/ 1. 59%Re/ 0. 05%KI Al zO~. EXAMPLE 12 30 The sane
procedure anthﬁiueﬁirﬂibl&I&bﬁraU&eﬁi i$ bblemlrthﬂt enelkkilled @ thesseOcan,axing pie dedvaiptiodl 203

gfﬁgl (r:rgi J'FV‘?L’ %K'Effgg' Wg%bﬁa?v?g%%s 1100 CSt fxgﬂwégo g?"ﬁ“/’&é/eﬂ‘?ﬁig]@g%tf \,g\%;%?%s'?% s

cat al ystconstraedihs dlussaive, mdEargplcensBining the scope of the present invention in any way

20  whatsoever.
EXAMPLES

General Procedure For Batch Tests

Each of the catalyst samples was treated with hydrogen prior to use in the Fischer-Tropsch

reaction. The catalyst sample was placed in a small quartz crucible in a chamber and purged with
25  500sccm (8.3 x 106 m3/s) nitrogen at room temperature for 15 minutes. The sample was then

heated under 100 sccm (1.7 x 106 m3/s) hydrogen at 1°C/minute to 100°C and held at 100°C for one
hour. The catalysts were then heated at 1°C/minute to 400°C and held at 400°C for four hours under
100 sccm (1.7 x 10-6 m3/s) hydrogen. The samples were cooled in hydrogen and purged with
nitrogen before use.

30 A 2 mL pressure vessel was heated at either 200°C or 225°C under 1000 psig (6994 kPa) of
Hy:CO (2:1) and maintained at that temperature and pressure for | hour. In a typical run, roughly
50 mg of the reduced catalyst and | mL of n-octane was added to the vessel. After one hour, the

reactor vessel was cooled in ice, vented, and an internal standard of di-n-butylether was added. The

reaction product was analyzed on an HP6890 gas chromatograph. Hydrocarbons in the range of



.10 21 Novenber 2002 5 10 15 EXAMPLE 13 The sane procedure and materials
as used in exanple 1 were used) except that A1203 ( Chi net ,21 N3tk g)02

NH, Re04 (0.1440 g) and M(NGQ, )2 (0.U480 g) were used. The catal yst had a
nom nal conposition of 20%Co/ 2. 0%Re/ 0. 3%vh/ A1Z03. This catal yst was al so
used in Exanple 28. EXAMPLE i 4 The sane procedure and materials as used in
exanpl e ICyyeCg) wiednalyxd epitivé tothe iAkRECstAndird NBhe loBerGydibcathons Wte Rat@Ral{43d 1440
g) and Mi(NGB)2 (0.1610 g) were used. The catal yst had a nom nal

conposi tuwe(ﬂfeymﬁeﬂ jvent@og gfe Alspvsgted ThHihe preﬁtlfallvséucwbs aI so used in
Exanpl e 29. |
ere used, ekcelt VRAPSBET BRRER e GRE VT bl Ry R ufaRRE™ ©

NHAVO3 ( rQ&%E @Afme Hydrddagbori@perlky oF cdiaght ferMOiR r’l%l:l FBRSIf theORe
209%Co/ 1. 8%/Re/ 0o 25%//%?&%%8 XAMPLE l?LG %’he sarreaepr ocedur e&gnd mat er i a:??s as

used in efcatipd for Ieacxheaaéoom sédber (W m) wadplottedlay B8 ofdiTtatervetnumBer®E Barbgn, attcﬁassz@~
(0.0650 g)..and NH, VO3 574 g). were used., The catal yst had a nomn
conposi t | Phn/BX assz@/@mcrs 2 og)EQE‘/‘Be ok Aoy of Py s ohtaned NoS°“‘8dP%ﬂ Ysnlaveq ¢

pr oduct i vi 1 l 00°C
v 1 Sl AR Bs shovm in s 0 T S s s Sy B S P A S M A Y A7 8 88320
%Co/ 1. 0%hedn gLl R03( F) 7140. 88420%Co/ 1. 0%Re/ 0. Ol%DlAI 2038660 9520%Co11. 0%
Re/ 0. 059/ A12037160, 87620%C0/ 1. 0%RgdhRsdiBlLhads7790. 89720%Col | . O¥Re/ 0. 590/ A
| 2037160. 9820%Col | . O/Re/ 19/ A12036760. 8992090/ 1. 0%=e/ 0. 198/ A12038190. 89102
0%Co/ 0 0%Re/ 0. 598/ A12039570. 8911200/@?4@@%/0 05%K/ A1203741 0. 891220%Co/ 2. 0
%e/ 0.1 %vh/ Al ﬂ%@ﬁ?ﬂ&s&%ﬂ % a&&mw&m&m&w&m&&@e/l
o%vh/ Al 2039200. 8 . Catalyst Cll+ groductl vity

Al pha 15 m@m&oﬁ@pﬁéﬁ@@%%ﬂwémb @@etbadﬂ@%ﬂ&d luinRE362 5344 A1 3 923
0.9 GeneraumE’J A" auﬁm @ahwwsmd &SH0eC. THR sGifs @Jeaé%m&v@&&brnamla%ntanwas
conposed of a syngas feed system a tubular reactor, a set of wax
and col d €xpessd 1o 4jntokeabpar gwishuee.  Ehg splids srees, thesyrrlsied pgaineat &h?r f@'lﬂ“@ﬁﬁr betinps (one
on-line angdoaltdPcHet nlitdieio: 355*@&%4?&55;&32%@& WESs Ripdriiad fplelfs%ﬁutgﬁ' ng

fed to the reactor over a 22% | ead oxide on ' alumna catalyst placed in a
trap to rEkepplidsayigre ithesiedugedoin hydragen floweat ¢50°GHer G hogifsy The mpterial dwas cepledmndt ur es
of the gafgfed\@iif niHc?é@rd olré?m%xt%ﬁ@ﬂﬁk sM4EASB} u{dsﬁdrﬁﬂto%txl{brgit@ésﬁyht}@%ﬂﬁe Bef.ore
entering the supp mani f feeding the reactor. he reactor was made
of 3/8 i nThe(recoggreé ﬁstalvtwas byttled andisepled for. smagerigsidehe géqvaubm wiid FisgheeT ropeeBi ng.
The |engt RuRf t Bfud eakt oeont.,nawg waﬁhe14cat£|yst(?éd6 &m)nomﬂ}me e@rh‘s@lk.o.l.ength of
the catal yst "bed was 10 in. (25 cn) w (5 of 25/30 mesh

(0. 7120. 52008/ 1.8YB 8. 0d B Qp(d)- gﬂa%@%bwasatsovwé it} Fri‘la'@f"eé d outlet of the
reactor. The wax and cold traps wer m; 75 nL pressure cylinders. The
wax traps were set at 15 140C whil ee!%‘he—c*%hag traps were set at 0C. The
react or had t whhenmmetpregedure andpmaterialsods ubedl ih evwarglebly were used, @otpd titar @@380igof
parall el . n i r o g ne
e and oy e S50 A R GHERP ol BRI 25001 Ben b IR R T

hot and cediflyst waPfsdisedinmxadpis\g.t ched to the other set in parallel, if
neede The wax traps coll ected a heavy. hydrocarbon product distri buti on
(usua ?y bet ween C6 and above) whil e—@@é@ﬁd traps collected a lighter

hydrocar bon 20TRY GehéGlrocdiié hadOomteriils dsWiSddah leYankp®d WRES ubed, a@@bt%%me\d\bgar a
maj or product of the Fischer-Tropsch process was colle

traps. Geﬁé?,gyas Mpegh ﬁhf: catp y;srhétééa?ﬂugal composition of 20%Co/1. O%Retlo 9%BIAI203(F) Th:es

catalyst was also used in Example 19.

EXAMPLE 4
30 The same procedure and materials as used in example 1 were used, except that AlO;
(Chimet, 3.9500 g) and P,O;s (0.0011 g) was used. The catalyst had a nominal composition of
20%Co/1.0%Re/0.01%P/AL0;. This catalyst was also used in Example 20.



_ The uncondensed gaseous products fromthe reactors were anal yzed using a
comon on-line HP Refinery Gas Anal yzer. The Refinery Gas2ANalepmber2002s

equi pped with two thermal conductivity 25 detectors and neasured the
concentrations of CO H2, W2, CO02, CH4, C2 to CS al kenes/ al kanes/i soners
and water in the uncondensed react&géwﬁms. The products from each of
the hot and cold traps were separa an aqueous and an organi ¢ phase.
The organi ¢ piasand procadivaandmbtetislags wwed inlexaraple W vend bsdd,aixcdpo that 0.60556y oft ur e.

A [ f thi | i d di . ' ' [ f
anilysi SHOTRES Bifarict -Rrsie s § bR SoRpRie A RacH @RRPOSIPIES 3R

30 t enpenatysteasalsd uswldn Bxasiple2éd as obt ai ned. The aqueous phase fromthe two
traps was conbi ned and anal yzed fo s and ot her oxygenates. Two off
Iinessgas chr omat ogr aphs equi pped mﬁ%@% 12 21 Novenber 2002

i oni zat i on de¥hectroe provednie and wdtefids as Used mrexhyple 4 weke udad, excepathiat0.0HO gaafueous
phases | ected . fr Col ns. % b/ ol l ro ure
Cat al ystt20s a3 Sha” [, Gt HURGR cobdsiR] of MEMTARbIEIABLEL 6§ 5o
mm) and @talysgwamiso yfedin Bxangle22s beads. The 14 in. (35.6 cm tubular reactor
was first |oaded with 25130 nmesh (@x g2P mm) gl ass beads so as to occupy
2 in. (5.1 cm length of the reactor.” The catal yst/glass bead m xture was

t henlQ, oaded akhd seroe profadure pad materigle &5 uped i) example Hevareused.cxcdpt thgt 9259 geof
remaini ng., fy doxsé £Mr Plo," GAG! Bed! REE NcaliFi ORAC a 2RGHhiRall Locysodieith L 25/ 30
mesh (O.'glic%o.aSQ nq% g?ass éa}ds. Bc?th ends of” the rgact olrawereﬁ)plllugged W th
gl ass woR94ColI00%6Re/B5YpBIA LSt Thigieatadyst Waslsouprdde Bxample2karri ed out using the
foll owi ng procedure. The reactor wagsAptiggd to | 20C under nitrogen flow
(100 cc/mn and 40 psig (377 kPa)) at a rate of 1.5C/ mn. The reactor was
mai nt ai ned atThe2e@ pieckdpretand Batetiafp ag wsedinsexpmple (werhused sextapt that 3.PH9 eodf t he
cat ajg/stady ahd'%. A6 ng oft b, db¥leNdseRET I1RE, CMﬁtfﬁaqwﬁ\Aﬁoﬁmﬁw hg%l Ogvat%l; oup

nitrogen to hydrogen. e reactor was heated under dr ogen

cc/ min aAFCol.9aRef L 0BPALORaThis eatalyst wagalsoypediin Bramle24.t o 3S0C. 1 ~ The
reactor was maintained at 350C undefxanpgsy conditions for sixteen hours for
catal yst ‘reduction. At the end of the reduction period, the flow was

swi t ched backTheosame tRrergdie anh mpiceials @5 peedrincramely k Wereeused:i xaent dbbsetlebur e
(usual | ychae) 3.95‘6b?) PRABLOY (008G P R&S WiddZ EThet QtalysEh4des héfitlalr @Rpbdidd of
pressure and cooled to the desired reaction tenperature. Syngas, with a 2:1
H2/ G r A0 AW o Re{B\ "eBE:Qs0 This gatplyst papatsopisedin Esample & 20 conditions were
reached. The first material bal ancexamprLpdostarted at about four hours
after the start of the reaction. A materjal bal ance period |asted for

bet ween 16 t ol"e4saRGuracedys apd, graterials g uesd; i) eBmPplnk Fetsepseddexcept tthateOs

col | ect e@nint, 5880 %R BSOAOBIE ) wetd wad ETHREALYIEhdd HWorhiRkICSmPBStion of
conposi tlons) weights and C%HiEOSItI ons .of agueous and organi ¢ phases
ol

d
col | ect etPAGP t-PraRH{E 7eB Qoo LTS £3talpst Wasalep wsedin ExPlog5-condi ti ons such as
tenpgg ature and pressure. The infograMpPeR 1¢0! | ected was then anal yzed to
get a total as well as indivjdual, carbon, hydrogen and oxygen materi al

bal ances. Fr obiet Bivg Rrefedyraed gyterigl apdirdeinsixamplgol wersoysedst sxgent ythati A pl ot

for all (Chirdet!30264PNHH O, (021089 gy 2EPKIOI(0DOETI)GiePo usE+THRcREYSitHaY b hymingl t U/ kg
cat), welght percent CH4 in t}%grﬁgar bon products (% and other desired
react or BMPRHIY AP ECRA PR a¢K 2 mhe resul ts obtained fromthe

conti nuous-flow Fi scher-Tropsch caEgAMPLEN@Sting unit is shown
30 The same procedure and materials as used in example | were used, except that Al,0;

(Chimet, 3.8975 g), NH,ReO, (0.1440 g) and Mn(NOs), (0.0160 g) were used. The catalyst had a
nominal composition of 20%Co/2.0%Re/0.1%Mn/ALO,. This catalyst was also used in Example 27.
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_in Tables 2 and 3. Table 2 lists the catal yst conposition, CO Conversion
(%) Al pha value fromthe AndersonShultz-Flory plot of t hal Ny ¢mbera20Bbn
product distribution, CS+ productivity (g CS+/ hour/kgcatal yst) and wei ght
percent nethane in the total hydrocarbon product (% . 13 21 Novenber 2002
5 10 15 The tenperature was 220C) the pressure was between 340 psig (2445
kPa) (2597 kPa) and the space vel dEXAMPRE432 NL/ hour/g. cat. for all the
exanpl es in s§.1'n arﬁ aterials e I&F& re 8/% exc Ag
362Exanpl eNo. Catal yst Conv. a TS Y5 EoBoT S e 6oy KPP M. 85224
17. 2182 0Wiimiet, 3B%Re 2D NFEB&).AQ.- 2@@(8?)3660[“88@38@8&9@ e re ks'@%%fe@atiwlw.ﬂ 203(F)9
20. 88289 Joy e o 3had 50/ Al
503050, oPuERE B A% oog/ﬂ%gw 10 /PlAl%ggéggla%%%szf%%%%%Z %@%9788 59 A
1203830. 9170182420%Co/ 1. 0%Re/ 196>/ ABRARERE 14| 29110. 62520%:0/ .0%Re/ 0.1

VB AL203900. OREOA 22628000k nRRRL G S Al 203320 %@1&&6&@@%@% Qe 0.
1% VMAI 203970, 92639, 62820%Co/ 2, 0%Re/ 03%vh/ A1203920. 9136510. 52920% 0! 2. 0%Re/
| 94 VWAl 263ingt3.8759 2). AVEBReQ0d 449 g)jagd MoN@s)c € 16110 8} were aprsks | Theesptalystchad a
Conver si Qhifatdom dﬁ%mb@omme/zfobmﬁmw SPRSEu st ovid diosB RExPhptd I8

hydr ocar bon product distribution, CS+ Productivity (g CS+/ hour/ kgcat al yst)
and wei ght percent nmethane in the EXAMPLEJS, ocarbon product (% for

exanpy es il Uﬁkrgmeggoéeﬁlﬁe and RkAss lab usdd maﬂﬁnetxheve&a&sehyé& tQﬁatt!hF%S Cor

pr esent i nventi on is a conparative exanp | e showi ng resu

a suppor Chimet, 3P 1) rﬂﬁé?n(%?s@&ﬂ A NV (03T =) Wé’ep‘ﬁ%‘ﬂﬁrt*‘é catalyst hP‘hé npfpigdlent
i nventi Oddbmp @gqug%agnﬁﬁ,gg)oqy,\%vm 8uperior results obtained using the
catal ysts of the present invention after approximtely 160 hours of
continuous operation. The tenperatEXAMRBE 1820C, the pressure was between

340 psig (24 ekia%?? %‘?ﬁeg’\?ﬁ ar(c?ﬁxgtzn%ﬁf %.)» u% %]Smglgalcﬁe)é sgﬁ' éx\é%[)ne at %MfZPJt i ons

NLJhour/g. cat. e exa con

as fUr e(Chingtd92 2),58,0:4%06501e) ST NELVD) I(Qa&ijﬂfg) wEreomel eithle oatalysthad a Rdmingy erber

2002 TABLE 3.Fza . pha CSt
0130200/&%‘1"6’/&5“&?%%0'3\88A‘%@%fx%??owco/ 19Re/ 0. 598I AL203980. 91 277
133220900/ 194%/ 0. 198/ Al 203870. 90267 TABFEA0%C0] 2948/ 0. 198/ A1203970. 90263

vari ation g from

t he scope o 8‘ P\?é%'é{ﬁh(?ﬂthe pres |nvent0|83n For
exanpl e, the sHruct ur §5ans 6ARDA DY Bm%(gjp(r} he catal ygt can bgggodi fied and

t he process steps can e varile et e discl osures of all pat ents,
pat ent docunengs, and2mMIi.0%Ri=/0n%mn§e@I(Fb1er ei n ar e7iancor por atsed by
reference in their entiret atent application Serial Nos. 09/314,921

. U S
and 09/ 314, 9204 entit P%Cvfile%ﬁe/PO’r%B@éz@s Processes & Catal Y&t s Using

Fl uori ded SuppqQrts 19,4 pat ent pli catl Serial Nos.
09/ 314, 921 andg09/314|2g&g°,%% /tglog/gé?%%%er Tropsch E’Pegcesses gﬁd Cat al ysts

Usi ng Fl uori deg Al um Q@A@yppgkm,wjmugg May 19, 199939 are i ng@guporated by
reference in their entirety. The foregm ng detail ed description and

exanpl es have Been gi 2ONCHOOYRBEQISHEPYAlIGD; under st andi At onl y. N&® unnecessary
limtations are to be _understood therefrom The invention is not limted to

the exact detai8ls shodP*SH&OPBeYaPHY203 for vari ati 0% obvi ou®¥o one
skilled in thegart wi Izb%Eg“_ioxz&le)dq%/mzbgi n the i nveg{d' on by to% clainms. 1%

10 20%Co/1.0%Re/0.5%B/Al,03 957 0.89
11 20%Co/1.0%Re/0.05%K/A1,03 741 0.89
12 20%Co/2.0%Re/0.1%Mn/Al,O3 832 0.39
13 20%C0/2.0%Re/0.3%Mn/Al,03 1000 0.9

14 20%Co/2.0%Re/1%Mn/Al, 03 920 0.89
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.21 Novenber 2002 CLAIMS 1. A process for produci ng hydrocarbons, conprising
contacting a feed stream conpri sing hydrogen and carbon nﬂh@owcmbevxﬂﬁm a
catalyst in a reaction zone maintained at conversi on-pronoting conditions
effective to pr oduce an effluent stream corrprl Si ng 5 hydrocar bons; said

cat al yst con 511 g cobaltt5—rh 'y and—aproNotEl CoNpriSt “ﬁ teast one
el ement sel ectéd fromthe group consi sting of Glirc?mé‘fﬁﬁ“"ﬁhosp o‘ﬂlus and a
support  sere oMW AE oA GVRRE/8 2805 Y AU O O IR $C

fluorided al um nas 2. e process of Ga m1 wherein the cata yst IS

prepared from a6zero \2ab@a!l.0%RAd.sSEVEYOSOr . 10 3. Hae procesgy of Caiml
wherein the catalyst is prepared fraoma nmolten nmetal salt. 4 The process of

Claim 1 wherein the support is a fluorided oxide prepared by treating an

oxi de wi %—?ﬁ“—%%ﬁ Lddufd FortCdnfimucus Ted§ Process of Caim 1l wherein the support
-um na prepar ed by

is aflu prepare y treating alumna with a vaporizabl e

f 1 uori ne- cont ZhawatrlystspHRE AL Was corgposerlinf a syngasefeed systern adnimiar reapfer, avhish thad
promot er , cQEPRhS &R éwt%s bck prbGurl rQaftors, A tﬁllea?mcﬁmmﬁgﬁbm (blSonAHRRM
conprises a fluorided alum na. 8. The process of claim wherein the
suppo?t &wmfFlieds al umi num fluoride. 9. A Fischer-Tropsch catal yst

conpri si ng colfd tacbdnliEshbkilR wadWhrifie® beTbie bBing €A1 e $420@r &Ver & 8R5 ea® BLidEbEMTENT
sel ected fromthe group consisting of bgoron and 20 phosphorus, and a
support Akmina; catalysplaced del aftFagrip (refBOVSrABY o SHLPYS pieserl  Hieundividval £RPESPT de
and f1 uogid6ds af #He1eAaS weldmixtd HEh OO mEf veNePRAI With Blafs! teadiefold BRERIR the

cat al yst conpri si n% di ssol ving a rheni um conpound and a pronoter containing
conpoundsupab’di‘”ﬂgm& ecding(the reasfSound, slurrying a support material into the

m xtype, and qhykdaskok lw%s Hadd WF 848 i@ Ich) (018, BUPAG. L. 8§cd1)smehﬁmtegdstéerom
the group consistin al um nium fluoride and fluorided al um nas. The

e b kg The OBt (heapactes ROMESHAG4 i QL7 4R (THE ) ook g FUlyat3ed The

net hod ofya¢ h@innazéq chly Wit @1in. OB Sf 75230 Rk 0. N2 39 Hm P§1hsS e ddt XfdWWIRs WBollabe
presence of a é rogen containing gas. 13. The nmethod o~ claim 12 wherein
P

t he suppdtretinigindpytlef of the teagtory o j ded al unina. 30 14. A nethod of preparing a
Fi scher - Tr opsghe wat aldyceld @@gwerﬁhm ollirs ﬁﬂLﬂ(&lsE\Ge ylindesi Id THE »fﬁrﬁagm&e aadt a

pro er Cco ning oun g cobalt co oun Sl ur | a upport
P ab ol R Rk i BR ets sof DL I Feapi bed SEAF Baksar AL S e

m Xt ure ivo EdM@trils @S pataleel.OAt ahylpydn GgRpraiatts abMithitgeFas ﬂowkmthemgh érldavaRraadot er

is selected 21 Nove r 2002 fro ops of bor.on,
bhosphor 050 coIB 8 dh aRP U RJAWIEE S mAE A RO R ch res SH R

mlat erial sifv}ich‘é@iogﬁé &ﬁerfséﬁgpirhl&l af gua?dc ahe inat tripg mfeco‘e.h b fidaivyl E}dir(ﬁ:hxlbm ﬂadl&ﬂd |
al um num or.i 5. The 0 c 14 ere e.S eria
is alum r‘ﬂf T‘%&‘F'ﬁ’i‘y betwrgn ﬁB‘f‘ﬁb @‘f H‘]flcg‘drﬁ %E&‘ngar‘ gF‘ﬁ'g 'ér is
bor opgor F@lﬂ&%&%ﬁo‘%uo#gusuaﬁg %et%&h@g %4)3%&5‘1 M&]&‘J ;ﬁbcf&ctt JﬁheolﬂQc'ﬂHIﬁB o
boron or manganese The met ho aim 14 further conpri sing heat i ng
the dri eg@razedsiwdscollb&ed ihibethithd dhapd. of cI aim 14 wherein the weight ratio of

el enmental , proppter .to_el epental cobalt is fromabout 0.00005 to 1 to about
0.5to 1%&%%%%2—?—5‘%‘%920. The net hod of claim 14 wherein the wei ght
rati o of el eman¢ mlcopdethgeseoa@ralwmﬁohahc cadak bvcxicamﬂymdl'rusixiglﬁonﬂ\oﬂ(bﬁfhné o1l
to about to The nethod aof .cla 14 wh re the
cobal t 58’ '%58 "1“ ?riﬁef eﬁ“@?‘“ C'Z A“a'&“aw‘“z"ﬂ““"l"r% “"8' 6"%"1-' ¥ “"

wher @5n tdbtectsmppmrtmntuedl thie |cenckhmmsdeﬂ @S, nHr.a thdCObJ L[ﬂlLQCE[‘)_bmcn C§5 23.
The net hod of claim 14 wherein_ the pronoter conprises at |east one el enent
sel ect ed afkepssfalkneestisoners and yeates {1 the uetfonﬂfeﬁt'&rreaém PRt T8 preductsafronrpach 98t hod
of clai mtﬂe%omgrc%ldrhatpb G/en%ld&ﬂ%éd it (a8 qiRbusl sfid 8n Srgaty ,smfed TR U&hﬂl@gba&:’aﬁoxﬂ_ he

process of claim| wherein the pronoter conprises phosphorous

process dhe wmwmwﬂbrseh%attrﬁ@n ipsHture- cfbnmlprs%fsﬂ“a S‘I’lldLRS‘Pq"EFe‘t‘TSé'FSE‘HY‘?ﬁ'd“ 20

f2|7 Thg RaB6r a8ulfifle Hdfére ThalysisMBHleSdrganid PhafURRO T c61ATHAP WaS Ssudlly fiduid 50 room
u0r3|0 e temperature and was analyzed as obtained. The aqueous phase from the two traps was combined and

analyzed for alcohols and other oxygenates. Two off-line gas chromatographs equipped with flame
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..A, Al A{. A AS. A3. Ah2. AFAr. AY. AY. @A 2. A AyhE. A3. Al LA @ASL.A Ib:V@ %Q
1@ 80c }xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] eblNewbe]2883 ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a! f 2, AY "} JdZ;
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!;
Q" H#H mueq r,!qtf:c.tqrwqrs BaetFoet8 m&ssp}’ﬂs oigdniZ pasbidquedus pljases|coideted foad e ca) ¢
a] ca] ca] ca]j ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal S7*9
Q9Y: ; R—V\# ==>> ’>P NAAA[ B
Edystiteytige traceduie ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
‘5%],3 c glpg al cal CRGRlsE 8 HbOR] itk Wbs ikl Wil & Bafid] ot s8R, |$91/6 59 KR LN NND
RpRR3Si %@@Aﬁv\&wsmweﬂc ahe df i cmitebaiac eepeter] was ffiesh Jaadgdovaihc2|0amesta] ca] ¢
a] ca] ca] ¢ah ke phhsabbal g@lsqa]oeabfa]m} ?%Fﬁ;foy%ez% &u\ %Ae%{ﬂ,ls&%liss
- aaa*bbb9cccodddddKe{ v ca] cal] c*al cal c™Ma] ca] ca] ca] cal'calcalcalc
aj _ca] ca] _cbai}dcfa]’@ti] wag thep (‘5&]’%] 'H“"é] 1849 d&] e tbﬁ]ﬁéﬁ(}fda]gﬂ’a] | rRIggifing f g5h?
hh' ARy cm) of reactor length was once again filled with 25/30 mesh (0.71/0.59 mm) glass beads.
j " j kkk" k kkI | mmn~yt ni cAXkf VF c”aj ca] c*a] ca] c*a] caJ ca] ¢ca] c”a] ca] cal c
a] ca] ca] ca‘]‘bﬁﬁ]“é%f]‘t"a‘] elawdaqtba ©h] c’\a] ca] ca] ca] ca] cal ca
noo9ppppaq) r rdafa'iﬁﬁa%‘ﬁ%tnomﬁa%k@é(ﬁ Y mmm l%tvllfg 6cBddk & Brhe reactor
Ul c”a] ca] c™a] ca c"a‘gcaU] caj.ca]c”a ]caU] "a] ca] cal ca] ca] ca]ca ]cal c™a] ca
] c~a] ca] W baqt%%ﬂ) d2 °Fcla\der nitrogen flow (100 cc/mm and 40 psig (377 kPa)) at a rate of 1.5°C/min.
Yyjynyr yywyea&\,pwsma.minmtmbodtméd t]méé@l-&ﬂitieéﬂ t@ﬁﬂ\&ailoﬁ@]f&ai}ﬁ@g] &Qﬂeccﬁ]afy@tl caj ca
] ca] ca] calca Ul c”a] ca].ca]ca]ca ca] cal] ca] ca
G o At AL o e 98 R A AP Salobe opL FisageE 4] bisFesat] T G AP ] cal
] ca] cal Q\@Jt&ﬂ]ufiﬁph ﬂ]ﬂéﬂ/]?ﬂd Echiacuhé ab ﬁﬁi mﬂ@&)f’ﬁ’t a rate of 1.4°C/min. to 350°C.

' “cfws' }xsmherYkf] ] cal ca] calcal cal.c”al c Ul ca]ca]ca]calc ]%ga] ca] ca] cay c
a] calf cajibareastoy way 'eawe'af‘&%ﬂ3é3]<‘cﬁ1d6fatraafw]ﬂeaa fonsixgen popus g ca9lystryd M F109& (
)-!, @ $1Q0Mhe ondt o Qné&edu):tnd:#ﬁeﬁ%(& the) Adw I evidched V&@&’ hitrdgehQidtie keakdr dd3768'td ) -

0%&: () 10 ()-@®D® $ 2 @ $10%&' () - xmbCl 's10%0& () - 10 10
10L: 1o<y&°3(~‘5‘°‘1wpm( s)“a‘|'y 29 %%& ()- Sl FG' 10% ()- @% Q

dEnbC! &' 10908’ Tt -r8acldd %' frpss VA $d A Beslrdd Ritib Wdksurd amP cddUE the dbsl@IOLE ()

.} @Bnb c:!f&?fb@myfa@iw@@zgﬁ with Aodbl2(GQ grtie wgthenyfed togthe sgsetpiarhem reaggion 1 go
" () - @BOIENS s Sere k0% () - L9 10%08' () - 9$10%0& () -L"" 10%0& () - L! $10%0& ()-9
s"10%0& () - 2dBrrbCI .31 10%:)0&5 -

010%08' () - L. " ihogiest (r)atend bpbmegpefipd saged pDkOR fpyr-houms P4ng; thie)stapt of thghreaction. A

52]);;{60}5/‘ &)& n?ﬁgg(g?/%l crto%q{ﬁ f%lg Beﬁplamm%g%gn/ﬁe (nhtetif®Ppalance period, data

was collected_for feed syngas and exit uncondcnsed gas flow rates and compositions, weights and

compositions of aqueous and organic phases collected in the wax and cold traps, and reaction

25  conditions such as tempeﬁture and pressure. The information collected was then analyzed to get a
total as well as individual carbon, hydrogen and oxygen material balances. From this information,
CO Conversion (%), Selectivity/Alpha plot for all (Cy to C4q) of the hydrocarbon products, Cs+ *
Productivity (g/hr/kg cat), weight percent CHy in hydrocarbon products (%) and other desired reactor
outputs were calculated.

30 The results obtained from the continuous-flow Fischer-Tropsch catalyst testing unit is shown
in Tables 2 and 3.

Table 2 lists the catalyst composition, CO Conversion (%), Alpha value from the Anderson-
Shultz-Flory plot of the hydrocarbon product distribution, C5+ Productivity (g Cs+/hour/kgcatalyst)

and weight percent methane in the total hydrocarbon product (%).
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0% B+B& (7] - 17. . TTY0%ELAMARe/0. 01%B/A1,03(F) 86 0.8 72

10B!, S9$10%& ()-! , S9$10%& () - ! <@#10%mU&’ () -! &#10%u&' ()- #510%&' ()- 158
10B111111=338~\: m%Cbmav/&te(t)OS@BzAbmFQ) | "G50 (988" 10%& (98 10 1018
109109%&' () - 8 555466
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oY: 1 10" &y RR0%KR () Mo phReD (PRl (s 05 ) dta

23 20%Co/1.0%Re/0.5%P/Al1503 83 0.9 170 18

24 20%Co/1.0%Re/1%P/Al7 O3 93 091 291 10.6

25 20%Co/1.0%Re/0.1%B/Al;03 90 09 269 10.2

26 20%Co/1.0%Re/0.5%B/Aly03 99 0.9 281 13.6

27 20%Co/1.0%Re/0.1%Mn/Aly 03 97 09 263 9.6

28 20%Co/2.0%Re/0.3%Mn/Al,O3 92 0.91 365 10.9

29 20%Co/2.0%Re/1%Mn/Al,03 100 09 272 16.6

5 Table 3 lists the catalyst composition, CO Conversion (%), Alpha value from the Anderson-

Shultz-Flory plot of the hydrocarbon product distribution, Cs+ Productivity (g C5+/hour/kgcatalyst)

and weight percent methane in the total hydrocarbon product (%) for examples illustrating the

extended lifetimes of the catalysts of the present invention. Example 30 is a comparative example

showing results for a supported cobalt/rhenium catalyst without the promoters of the present
10  invention.

Examples 31-34 show the superior results obtained using the catalysts of the present
invention after approximately 160 hours of continuous operation. The temperature was 220°C, the
pressure was between 340 psig (2445 kPa) to 362 (2597 kPa) and the space velocity was
2 NL/hour/g. cat. for all the examples in Table 3, i.e., the same conditions as for examples 17-29,

15  except for the length of operation.
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hhi *<bCl scope of, and which are equivalent to, the present invention. For example, the structure and
composition of the catalyst can be modified and the process steps can be varied.

The complete disclosures of all patents, patent documents, and publications cited herein are
incorporated by reference in their entirety. U.S. patent application Serial Nos. 09/314,921 and
09/314,920, entitled Fischer-Tropsch Processes and Catalysts Using Fluorided Supports, filed
May 19, 1999, U.S. patent application Serial Nos. 09/314,921 and 09/314,920, entitled Fischer-
Tropsch Processes and Catalysts Using Fluorided Alumina Supports, filed May 19, 1999, are
incorporated by reference in their entirety.

The foregoing detailed description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be understood therefrom. The invention
is not limited to the exact details shown and described, for variations obvious to one skilled in

the art will be included within the invention by the claims.
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5  hydrocarbons; said catalyst comprising cobalt, rhenium, and a promoter comprising at
least one element selected from the group consisting of boron and phosphorus, and a

support selected from the group consisting of aluminium fluoride and fluorided aluminas.

2. The process of Claim 1 wherein the catalyst is prepared from a zero valent metal
precursor.

10 3. The process of Claim 1 wherein the catalyst is prepared from a molten metal salt.
4 The process of Claim 1 wherein the support is a fluorided oxide prepared by

treating an oxide with fluosilicic acid.
5. The process of Claim 1 wherein the support is a fluorided alumina prepared by
treating alumina with a vaporizable fluorine-containing compound.
15 The process of claim 1 wherein the promoter comprises boron.

6
7. The process of claim 6 wherein the support comprises a fluorided alumina.
8 The process of claim 6 wherein the support comprises aluminum fluoride.
9 A Fischer-Tropsch catalyst comprising cobalt, rhenium, and a promoter
comprising at least one element selected from the group consisting of boron and
20  phosphorus, and a support material selected from the group consisting of aluminum
fluoride and fluorided aluminas.
10. A method of preparing a Fischer-Tropsch catalyst comprising dissolving a
rhenium compound and a promoter containing compound, adding a cobalt compound,
slurrying a support material into the mixture, and drying the mixture, wherein the support
25  is selected from the group consisting of aluminium fluoride and fluorided aluminas.
11.  The method of claim 10 further comprising reducing the dried mixture.
12. The method of claim 10 further comprising reducing the dried mixture in the
presence of a hydrogen containing gas.
13.  The method of claim 12 wherein the support material is a fluorided alumina.
30 14. A method of preparing a Fischer-Tropsch catalyst comprising dissolving a
rhenium compound and a promoter containing compound, adding a cobalt compound,
slurrying a support material into the mixture, drying the mixture, and reducing the dried

mixture in the presence of a hydrogen containing gas, wherein the promoter is selected
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