;e3evv| |} ~L~&64TW][ 20 Novenber 2002 FI SCHER- TROPSCH PROCESSES AND CATALYSTS
USI NG FLUORH) ED SUPPORTS 5 FI ELD OF THE | NVENTI ON The pr esef? Npypmbar 2008
relates to a process for the preparation of hydrocarbons from synthesis
gas, i.e., a mxture of carbon monoxi de and hydrogen, typically |abeled the
B scher Tropsch process. PSCHERTBORYCH PROCERTERANBCATRLYSTS o (he use of
nmetal fluoride supported catal ysgsiN®¢FLUORIDEDEFPORPYSCh process. 10
BACKGROUND OF THE | NVENTI ON Large quantities of the nmethane, the main
conponent of natural gas, are available in nmany areas of the world. Methane
can be used as a starting material for the production of other

hydr ocar bons. The conversion of nethane to hydrocarbons is typically carned

out in two steps. In the first st&EPFHRHIREEINVENIONed with water or
partially oxidi zafd pmedetk RXHBBA rb1RePLIPH Y& eSAIP ML SrrpdMRRAXS A dRRGbLEMIfGIEN
(i.e., synthesis gas or syngas). In a second step, Fhe,s ng@; i’s converted
to hydr ocarBBhes & ke se BT of sfybon menqxidepa frriorem fymaty Gbsled dhestisshem
synthesi s gA§pscR pasekds. IPB@MarY) thidGnttntio ReatksS 14 Bldahide Yo REGK h_@&!ideosuaﬁroned

Fi scher-Tropsch synthesis, the Fischer-Tropsch process, or Fischer-Tropsch
react i on( s)catabyss &9ryha Escherr Trgessh piecestich synt hesis usual |y contain a

cat al ytjpcal |y 20 active netal ghcREROENS OPTHEONVENTIGN New not ati on of
the periodic table of the elenments). In particular, iron, cobalt, nickel,

and rut heni um haviEeesBantitishefibamethane the pamgompeneataf aptyral gas) qryavadableis masy al s.

Cobal t and gk ignhe! RoNaVRIMERN oM Bscli s e stARiRE nSkirlaPRIrand Prodedios! ofZdng a
process in which synthesis gas is converted to prinmarily hydrocarbons

havi ng fi vevaiocarbens. Engrospyeraanathinethaneto hydgegarons frtymaily serriee ewtn tXp tepstine
catal yst i shbfiQhdtep rBthal & FeloRAOEk it W ABSE DaftiGAE 5:4i@Ped VAUPOY B thPfode ! @lvshi C
hydr ogenati on of carbon nonoxide to produce & varleté of "products rangi ng
f r om netSharfeonogidpppthbydregen Srfe Symbriisgas pheyngas) dn 8 6¢reNd steppie SypsarNsgnuettes)
~~r~e~m-  evdoMesRer 2002 WO 991 61400 PO '/ US99/ 11230 met hanati on
reacti on was ¥ast_described inthe early 1900's, and the later mork.b%
Fi scher and Tropstssceradisicagbapreppration RERYdFrabersdrasotynditis srsds welliknovada e bed
in the 19208 andTReusthIBC REdred 1O RS CsAULERERh SyRBART HRNBis@L TRPER! Mocess, or
exot herm ¢ and reactjion vessel s nust be designed for adequate heat exchange
capacity. BathersEorse reeep(Qt Fealis {95 U &t AR -STRBFSCHUR batiagha Satgleiadly s
are gass WalivembBoGRECS, 9516 @aTBe NG Ind@Bod botuE GericaRtha¥@ 6 e didigentsgagt i on
vessel s nust have the ability to conthuousI§ produce and renove the

1

. . he
desired rarRgeicBr|ifogurePalintickidnardyiheriam e pradipentbrpeedpsibe satabitiglipeen
consi der ed Ve hifls CUBMIE AR fRiheRlim HAVIREAERAY B FeaRelp hudeKle If&-cgc_?n)ﬁziﬁ Bbrobss

natural gas, to hiqher value liquid fuel or petrochem cals. e first major
commer ci al b gdichsyRthesismag isrepvented fpsRrimanihosacaiigrs hayingdvrah o faibag 20Rs
1930" s. Morge.! Wigdte the COOe1&kitk rakd @ladysPig higHRY)

25 The Fischer-Tropsch reaction involves the catalytic hydrogenation of carbon monoxide to

produce a variety of products ranging from methane to higher atkanes and aliphatic alcohols. The
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10 of products were manufactured with a cobalt based catalyst in a
fixed-bed reactor. This work has been described by Fi scher2andvéEinséf fjp2i N
Ger. Pat. No. 731,295 issued Aug. 2, 1936. Mbtivated by production of

hi gh- grade gaswbissretabr om natural gas, research on the possi blreTusesnbsd he
fluidized Peflafafibn fehSioh Sas MB&%&M&‘%%@ 19605, Q:Qi”ﬁﬂk'%t&dw&rﬂ Vﬁsch’ | fngd

States in the md 1940s. Based | abor at OS‘}I results, droca esearch,

| nc. constT@B%EGCQ“EEH%@%MWP‘MW%HWI ersihed i het 1920°s.t he Hydr ocol unit

gt Cart hage, Tle'NﬁS*‘ilschBi?%sthQyﬂﬁHsﬁdcabtidﬁﬂlaraﬁlgﬁlbQxdﬂﬁhﬁbl Jc)afd readtléf vEQels must be |
|sapp0|nt|n evel s of conversion e-u ens) ri sing natura

Gas. pr costemtped it obmeie 15 pithaoen it et fh e s fp R T rRsS R e™ has

cont i nued, vdﬁa%&vegasesmmdﬁhv piomm ﬁgad'?s inclinte mqﬂ'ams o/hxes ARE fedtidn sugém st have

slurry-bub ol unms as, dis ed

Sept enbor b i S ipuERly Rofeo R Sehdte the ekt e o7 Tind A0 b SRR e

has cont i npredicsr The HOS4s has bt:dne:mp:ldesé fidr tizcpniersioBobi bdtbdiﬁcaomfecdmcbme gSé&ll

pl ants. S I a n roduce gaso |Qe r

el at §vel y R B8, & g L 8Tuta 3o GRhabmta) AUS-Aa S aRgel Ll fr bl

| ow-t enper EmhmeTrbpsxbplro@edwselaﬁem@ dufleg:tbe 1 30's.i Moﬂelth@evw:ﬂeo B&n(bamalkd magdayh t he

dev et ORI BhERMEShEELERY Wi 3 SO oLLRBSAR: 200 ARLEM acBY STRIROAN:

reaction s I ncrease the selectivi
inthe Fis edeswhgfbbnﬁs@pr@am!i@hlsrtm Bembat Ne. Fd2 5@%‘F%\A“gé H’éﬁber of st udi es

describe the b%aYJa&a b§ fprddi@Bn of R %%%dc%aso‘ixh@ ﬁanhumabgéeﬂs&ﬁh%w posdible

various reactor types toget her w't devel oprent ~of cat al yst

conposi ti ovss ofithd fipidizerbed fordiissher-Tropsch sythssis Mesrepaduetashin the Waited States in themidhe
mol ecul ar ygpg héas@li &t mxsom&ry RSt QfldeBﬁbm&Fcﬁrlh@ RomBudiéddtndeSphhde G dized

Fi scher-Tropsch reaction systens.” Product distribution or product
sel ect #¥i t Yedgepsigigithe ﬂrb(éwa y""é)rf“ Chighags, Jexasnpsing Poaares Homps the satalysta Brette and

on the reagitfpoihirizdevaid df RGIsidn, stdleap Pdblerhs) B risihg aatiAl guglpuces I dperationt h:ghilsy
desirable to maxi m ze the sel ecti vi t%of th Fi scher - sch_synt hesi

the producPlAsivess suspegfied ) 1%/ | Researey 135 armyRus HB’H’§‘}°"S?J’C vel pipg, BsdetsFiops w. Jth
five or MDfe@et6ra ElAAs Sl@yBubBR lcolomAl, acdischedd i S Patent N3OS, NBy9arsied Xapiembdr S.
Pat . 262? 681 issued on Apr. 21,1987, describes the |aser synthesis of
iron based ¢ aryst particles in the 1-100 m cron particle size range for
use i n2@& sl urryCémmadatialrprdctice df ke Fivelier-Tropph plocsy lidsltestinged HonJ1953.t0 Betpresédo.

4,619, 910 |ssue n and S., Pat 7 i d on
Jun. 2, 198"a En %Agcalghﬁ’ %1@(%%% ! @?ﬁeflénst%gs "on'tflau'fdt3 a%iy% ansprge‘ggrl be
a series ogasclateanhyslhmefyohxg}uswpqmura fklid:hed yeaRios cind rwakr o psltivehyr beetssparaturehi ch
synt hesi s %bc§r?§gm§ct| vely converted to higher hydrocarbons of relatively
narrow car bon nunber range. Reactions of the catalyst with air -and water
and cal ci nat i onResearcts pelifievise abitipuiag on cdhel dévaloprheat @étlmrglsfﬁcgymeﬁaﬂm-if@nsch
procedyke. t i vab a,

Feact | 20w S K achoh ShEn ARk iRRRbd Pedvly (7 HAS BB e
air. Cat al YisthesTopssh mmdﬁ@rsmart alhwsrmsukusewmhqr Ff %‘\!ﬂhﬁérdﬂﬂﬁﬂb‘pgle thekayior hEisps of
hydr ocar bo th aAb A RR b vihAhe dVASHnRAe of Chibi
zirconia o?&far?g{'ﬁtrhgﬁ%ﬁ%%&e% R'gtguch as sf‘f’?yc”égé"gﬁm'na{?‘ eIt hggs eoen c?sgi me
t hat the Fpmsrlowmmmwt hesis reaction is only weakly 15 dependent on

the chem Cal | Oppid £r¥ s%nf’ Ezﬁ?dlﬁg&ﬁc‘es Wﬁ\gﬁmﬁéﬂiH?ereE%h( 3%b§lonl of &8 'h?dr@&rtﬁh
1993, [ n:"Conputer-A I gn Sts Becker et al

215, Nab Yarpﬁuctq\rmncﬁlpchgemwh reawﬁen systenh, Wﬁﬂ@é’&&“ﬂﬁh“pﬁﬁ’dﬁét"s“ﬁ%wﬁ@d by

usi ng thes ﬁca@ﬁ}t & m%&@emauwmm\f@ cﬁtalxﬁ! Yhdohn Gl &@wwfanm’ew&m dbndiRhgNt s.
US. Pat. 95 di scl oses rutheniumon titanita as a rocar bon

synt hesi s é&?%‘i'?@l{’ itighighjy destibledp paximize B sglectiviy qf&eédﬁhﬁgfd?%@%ﬁyﬁb?fés et h a
maj ority ObroBaktidh bf Mgh-tahiclifdfid Sydrdcarbbré QuEidR§drocarbons with five or more carbon atoms

per hydrocarbon chain.
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U S. Pat. No. 4,542, |22 discloses a cobalt or cobalt-thoria on titania
having a preferred ratio of rutile to anatase, as a hydrocai'O NS en?hl@tsi S
catalyst. U S. Pat. No. 4,088,671 discloses a cobalt rutheriumca A y
where the support can be titania but preferably is alum na for econom c
reasons. U S. Pat. No. 4,413,064 discloses an alum na supported catal yst
havi ng cobal t, P5SrBiathNni 4659684 isuéd auppB 201198%, glegriliesntbe ddserosyntliesis ef irgn |

t hori a. Eu%og(fag ]P&: eﬂicl No. I 4121 87.Cd(; sclno%es a asi (I: ifca support edreCCthe}JOt
catal yst to5e] REFYHPARClEr b 8 TGHC PICTORARATS it FRET (Bh ShdY 30 ER et AT
Despi t e t hBisstesTropsohuspithafs. r esearch effort in this field, Fischer-Tropsch

catal ysis using t.al £l yagrl] supports ot int ... There is
still ag gr eat ngrerg 1%16 I‘lgodgro?tl?’g @ ﬁ%\%ﬁ)%b ta? gﬁ%’& §"C¢<l?)'r : ?ésglﬁe&g#{)%éﬁﬁefm
synt hesi s; Jyna?,1 987ubmirll.\S. Patt Hb.ys681,867 &kuedroavuld2l, Hi8gdetdBibe b yeties oficamdysts for
selectivities to, maxi.nm ze. the val ue. of, t he drocar bgns. produced, and .t hus
he' pr ooes an BRI Susth Tekmte P BESS v BB SRR SRR, Benes
process anbydiadatboysdf felativgly agtor tegbdnytimtben rdngs Readivds af tiie tcheaigistivoith gir eplar i ng
the catal yst. The process conprises .contactin feed. streamc ri.sin
hydr ogen. SRnAcaBai s Ger e v nod e PRelmieasiod s rOn J B en
accor danceanslattivateliirs a fivedebeidirewstol b reaetionl wigt COs 8 prior tb kiarrping dreths oit phgze s es
at | east og}g gataldxtic nmetal for Fischer-Tropsch reactions (e. g., at |east
one netal SEPEEPES fom the group consisting of iron, cobalt, nickel and
ruthenium; 3 Ca@lyNougsshe for 28R1¥staundd i HsghoTropssk byattiesisl of Hydrocirbens®a g p
consi sti ng_of lﬁl Eori de &nd fluorided oxides. of.at |east one el eérent..

sel ected  PEIFFIPHEToBTES fofsisUET M (g FSTREi & BRUESJIRTS TP BUTHCLS of
t he peri odaleminah! & Haf teberhihal ad tiel Biveet-Fropsdhh syattesis Gedetiob ey Snly8wedkhyough

73, (1S LRI 05, S L2, (ELRTENL e S i PovellTRCE AcA'S' 19,

ﬁy; pr osi g nin:"C'Bh@uiemo&ei_aﬂiEh@igﬁIo@@a@dm&tsud(fESE.a{m@kﬁsa al.pp. Prsoteei vigrk, Marcel |
rocar po C r.si cont act i a ee trea cO r.rsin rogen an
o oo DRt T o Pab RSB ooty bresdet g o DR se PR S R fyp 4 Ve

pressur e amidespmeef meleadartweightst ective to produce an effluent stream

conpri sing hydr bops, i atal yst conpri sing at l.east one,catalytjc
retal  for R schirs PRonee Pt ARty PR el e SRR R et
gr oup eonsfs thegodiktidn afal;sitel €g ydabcdrbarsy witleal majoridest pafaffats ih dasls to O redgenent

| ected f t h i sti f the elenents. of & 2 th h 15 of
The peri odlo PAnRe br R BRI oRh a tRAEHERT o0 Ve RGP et ol e
el enment s Whitile ataoathse, asunibdrosarbén $yinrhesigbatatst.) U.STha. Wa1 088 j6Ddiadlses a naHaltdes a

met hod for the. preparation gf a supporied Fischer-Trgpsch | .S catal yst
conpri si ng“FlI‘eﬂg’ ﬁ%ﬁsaw@ﬁepg'grstup%oéﬁp g%’t éedg?f"(‘)‘m“tt Wéefegr?@gﬁs 316’%?2'3?0{ r?g‘jo'}é "at

| east one edasment). &f Pat.oNp 241306dudiscldses ah dlimeinpeupadied datalysie hofinglkcebmbint s
and el grengﬁhemuthn%tg@rc ry“lg}b 1[0% §8mttgrc())u&he7l.’ tl'{?plg.l r(())xe!md at‘éerﬁ"S.zm 887
supporfing a caf"a?ytlca‘?ulpy Acti VB "netal For “rrscher- v psch reactions on

t he fluori disdossippiictd suppededceabglt thigys upgetet @ith catalivns ttitanBET, AbtbEium and/or
DESCRI PTI %%NLHE | NVENTI ON 20 The feed gases charged to the process of
the inventron cornprise hydrogen, or a hydrogen source, and carbon nonoxi de.
HZ/ CO m xt ur es Pespitaltheevaatsanzouheeftisseach cffort i dris/ Beld,i schereTrapsdh ogtalyHonsing
according tq e ocess, of this inveniion gan be abtalne r | i.gh

hydr ocar boﬁngtaéugﬂpdéssuﬂ%?ﬁfﬁeennyknr?l‘avgrfg q% ALt @}f{ﬁ e @rar’rigrr?gt : geﬁgrt?i%aﬁnhg Hew

oxi dat Bon, caslywd foe Fisghreod epsehssykthesion pamticilinty cutalystsRha fpervirds| hjght G- Hydabcogen i s
provi ded b&léa@i@i‘%ei%%?ﬁxﬁ” thé l/ thpeool‘fghr% @8{%@3!‘5&1%&)?0%{]66-558&)%8pthg?rO%ﬁSTS g&%%ﬁ%s.have
sufficient "Water gas s Ra acatlwty 0 convért sone water to hydrogen for
use in the Fischer-Tropsch proc8EMMARYiQF FH#f ENVENTEOMt the nolar ratio of
hydrogen to carbpn. ide.in . N from
about oL 67t o 2.1 55 TR PSS a bl SOyt Bhcphoihd bRaiBons e e

cat al ysts &rerapsmgg thé eatdlpst.dliggsosssr @anprises wbahc®g layfekdogream aoriprésingdydrogen
monoxi de 1 i ARl HorRick Wil a SRR ia rdhisiddehoB! BT SLARLY WARL ERDNERLAL VSt S
are used thAE feed gas stream cont ai ns (hy rogen and carbon nonoxide in a
mol ar rati catgfst akeduit ti@. FFcesslcomphnisesf a dadstoms catalytia el oo kisahen-Teepstoradiooxi de.
The feed gas_sirnea l,d cont.ai ow At f. . OF,

el orent s {Fae: PR AR bRl BDup st sREREE bR e i TRE IR,
For exanple, the feed gas may need to be_pre-treated to ensure that it
contains | ow concentrations of sulfur orZnitrogen conpounds such as

hydr ogen sul fi de, amoni a and carbonyl sulfides. 35 The feed gas is
contacted with the catalyst in a reaction zone. Mechanical arrangenents of
conventional design may be enployed as the reaction zone including, for
exanple, ftxed bed, 4 20 Novenber 2002 WO 99/ 61400 PGI/US99/ 117, 30
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through Group 15 or a fluoride of a Lanthanide series el enent-an el enent
havi ng an -atom ¢ nunber of S8 through 71. Preferred are f|bl6)&l de SU@QQ”S
selected fromthe group consisting of zinc fluoride, magnest unt’ ¥

calcium fluoride, bariumfluoride, chromumfl uor| de, yttrl um fl uoride,

| ant hanum f | or| i and i um
fluoride (vﬁ%’l éiﬁu 0“ S?[%&%‘{)%r#]g} m%‘f cggs{]/sél aﬁﬁ Qe C}iulougerdlo e(%g) fzgBfeag)tto%

mat eri al caﬂherwnswldyed fioeythe goud q:omsmstatg df dassﬂenwns otﬁﬁrazlsp 2ohroagh E efrtbenpemﬂ]c
Goup 2 thr 1 r from ast n el havi ng an
atom o nunbro SRR Hmbip P ShnRarshiieRcy B FuRTRa: SRR

Ba;: the G m]nqmne’ﬁtselexgrrmrtcs napeisiuche cSm)anbamdn Lebrorilm, @tduip, lanthhrmnersamanml ude
Ti, Zr and ud m e fhQ r;())sm ?I enents include V, Nb and Ta; the 15 G oup 6

el emsnts i ne fL?d‘ O ENE Wt he G oup 7 elenents include M and Re; the
G oup 8 el enent SThenmIetmtﬁl d’r'sa 1m1l|¢HeR1|proté‘$efc®pmdp01ﬁg Bydeovartioss, cooprisihg cGmtacting h
and |Ir; the e, (you 1e|errents
et ude . R HRam ool bistas® 1 Grn o RR S g RS 0 e R 1
el enents i rtenhpmlamaapreksnream spage tzdl@nsarecﬁfeawl:éltoqiredmataﬁ dfmmhuehmaﬁieconﬁmsmgd
Pb; and th atom c
nunbers of TRy iSRSt ainprnh et e aehF mEt PSR o e o oy
Nd) Sm 10Eu, an@d,support kelycted-Hvgm Hie gr&lp&]cof/iihtmgﬁﬂﬂ&dﬂxdeﬂnﬂff&foﬁ&dl axides oikat deast omk
netal s sele ed fro rou consi St i ) Sm
B and Dy, LR eaf fE b SRR U e GRer Moo PR L Sishe ter
treati ng oneblobf tlaaerabandethal adtkmide soris ofeleddents Xihd efenwhntshwvith atomic numbers 58
fluorine- COBt ai m61 g conpound at an el evated tenperature, e.g., at about
200C to abdli*'#50¢ A pretreatnment with a vaporizable fluorine-containing
conmpound 25 suclTiesndhtionGEo3hludeCh Afethod EinFtBe prepdcitfon  of G:Isﬂ;(ﬁbﬁéﬁ bschacrrzml F2

b i ent
B D75 ol cotval GRhpr R e SRR e IR U oo stk of RiHapE finy
reference idf Grbwp 2 tieaighristof .the perivdip aablez aibdleméntsiend i efeencasntiti nomig nombpeBBd i s

defined as fl.uari ne:-con ing co und iC en ssed Qv
support at PREel %j’l ﬂ’ilre?i‘ t?c‘ﬁ"f 4 %’Rgcm)% 2l ﬂi’f??yn\g{} Yet ﬁgtagg%p}gllsc?' JBOPWQ 30
desi red degeseionsinahaflenideal supjdrtprediiciig thosuppatedeatalyytgen for the above

fluorided oxides can vary | east
0.001:1. Oxides that have @ﬁgAlﬁéﬂﬁgﬂggﬁo?I%gﬁWJ% (H2Si F6) in a
manner nal ogousTltecfeetdr@sds lcmgeldmmmecpfocedslwmhaam&stlcdmmpnknel@dmgeﬁw mbﬁhdigen
Pat ent Applicati on

conponent of “Fhe*¢ f %W‘i/"stm 08?’“? %?pr esné'ﬁ%urﬁsn%uétﬁlf?oarsi fg° e?iﬁmap? raf’ontV Fr(szlon f’ |
Preferably, hyﬂﬁncarbemscaactomdlyg fochaybadss ofghrs élvedticactaf be nbtamaht)rom dibbtl Hydronarbdml
and/or rut heglbas met ane Xﬂs otfhle m re o m a 129 x1da‘]‘e n, Or ot Or%goc\/\sts) 9|z9/0x6v1]i£110816
PCT/ US99/ 112 "€ o &qtice emen(f al Pretar '}

el enent al iarOrP,refctalﬂaltm hpdrogeal lsamd\/ldﬁd bthfrhemydmgerbea‘ltbm@hMe Hikdherc Bitopdcli st
rrustctal lv. efl octi n fh et n
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One oy o er'rlag A o BF ol TR Bicklbey, BBRCEPLtaly FORE ea U bl LR
cobal t ¥nd qootaine hydmgen/raad eﬁrbdmenmmmldem ampleontie of atiogt §.6Hrh Ehxofged His @G atso

bout 1 0%
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addi ti onal pronoters or nown ose skKi
the cat al ytelgnamsstthdt hae 4 delpteriosodftebtion the catadyst, sachiis@oisonst Rarekample,ghs feedbgoe

pronoters i [ ng
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and 40 parts by wei ght per 100 parts of carrier. Hy fluorided oxide of an
el enment is meant a conposition conprising oxygen) fluori ne,, d t

el ement. The fluorine content of the fluorided oxide can va? ﬁg&?fﬁgeraﬁ&zd
range. Fluori de& oxides containing fromO0.001%to about 10% by wei ght
fluorine are prePerP¥¥® The remminder of the fluorided oxide ¢ M3 | |
i ncl ude oxy §widized beds jslurre phase lurry rkble solyren ireactive digtillations eolurmt axi chuliating hest
anmount  ( CONp&EBH, dnfong aﬁermraﬁtausai A%bdr!hﬁﬂf' mdeakbg,ﬂmaﬂ %"Iltgl%fﬁgmcles

conpri sing cobal t (e. 20% wei g gﬁ{% on a uor i
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monoliths, honeycombs, packed beds, foams, and aerogels.

The most preferred method of preparation may vary among those skilled in the art depending,
for example, on the desired catalyst particle size. Those skilled in the art are able to select the most
suitable method for a given set of requirements.

35 One method of preparing supported metal catalyst (e.g., a cobalt on lanthanum fluoride) is by

incipient wetness impregnation of the support with an aqueous solution of a soluble metal salt such as
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The wide range of hydrocarbons produced in the reaction zone will typically afford liquid

35  phase products at the reaction zone operating conditions. Therefore the effluent stream of the
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(2:1) and maintained at that temperature and pressure for 6 hours for the 200°C runs and for 1 hour

30  for the 225°C runs. In a typical run, roughly 50 mg of the reduced catalyst and 1 mL of n-octane was
added to the vessel. Afier 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 Cy}-C4p were analyzed relative to the internal

standard. The lower hyvdrocarbons were not analyzed since they are masked by the solvent and are

35  also vented as the pressure is reduced.



within the invention by the claims. 13 20 Novenber 2002 CLAIMS I. A
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conpri sing hydrogen and carbon nonoxide with a catalyst in a reaction zone;

said catal yst SygeHfudeSi Ng at | east one catalytic netal for FiggghiRoefhsPsch
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L 10% & ()A flow of hydroﬂuorocar on HFC- 52a CF2 CH3) vapor of 100 cc/min. was estabhshed over the

15  sample which was then heated to 450°C at 20°C/min. (HFC-152a was used for all examples but 10
and 11. For those examples the catalyst was treated with HFC-23 (CHF3)).

(b) After 1 hour at this condition, the sample was cooled and the tube flushed with nitrogen.

(c) The resulting fluorided metal oxide was slurried into a solution of 2 metal compound in a
solvent (10 mL). The slurry was stirred thoroughly for 10 minutes and then evaporated to dryness.

20 (d) The dry solid was heated to 150°C for 2 hours in flowing air after which it was heated to
400°C in flowing nitrogen.

(e) Once at 400°C the gas flush was switched to dry hydrogen and the sample was held at
400°C in this reducing condition for 1 hour. The sample, the nominal composition of which is shown
in Table 3, was cooled and collected under nitrogen and tested for Fischer-Tropsch (FT) activity.

25 . For Examples 7, 8, 12, 13, 15, and 16 the RuCl; used in step (c) was dissolved in methanol.
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For Example 11 the procedurc of Example 10 was followed and RuCl; replaced

Pt(NH3)4Cly.
10 For Examples 14, 17, and 18 the procedure of Example 10 was followed.

The results of runs, using the catalysts of Examples 7 to 18 in the Fischer-Tropsch synthesis
at 225°C following the General Procedures described above, are shown in Table 4.

Table3
Example Metal Metal Nominazl
No. Compound (Wt., g) Oxide Composition (Wt. %)
7 RuClj (0.04) MgO 1 wt % Ru/Fluorided MgO
8 RuClj (0.4) MgO 10 wt % Ru/Fluorided MgO
9 Co4(C0O)12 (0.5) MgO 20 wt % Co/Fluorided MgO
10 Pt(NH3)4Cy2 (0.002) MgO 20 wt % Co/0.] Wt %
Co4(C0)12(0.5) Pt/Flourided MgO
11 RuClj (0.004) MgO 20 wt % Co/01. Wt %
Co4(C0)17 (0.5) Ru/Fluorided MgO
12 RuCl; (0.04) TiOy/A1HO3 1 wt % Ru/Flourided
TiOy/AlhO3
13 RuCl3 (0.4) TiOy/Al03 10 wt % Ru/Fluorided
TiO9/A1703
14 Co4(CO)7 (0.5) TiOp/AlhO3 20 wt % Co/Fiuorided
TiOy/AlHO3
15 RuCl3 (0.04) ZrOp 1 wt % Ru/Fluorided ZrO,

16 RuCl3 (0.4) Zr0y 10 wt % RwFluorided ZrOy

11



10 10L9<t 109%&' ()-! 1f
43109 () -1 9%\ ((L*3,-zX6~\:1 @' $10%& ()-! @' $10%& ()-' @' ww&&abéréom

Z10% & ()-!&$10% t & ()--! (&$109%& ()---........ ~ @ @z10%4& () -

Y10%4& () -" Yla%ﬁls(laoo 10t 10t PCT/US99/11230
10t s&<s10% & g 0182T2g fi7s O @ SO (- F

109%4& () -, y! 109%4& ()-!° #10%—"—!&() F109%44H& () - I10%4&() 234066;
77} [ <~ @@ I 10b}H& (§o4(C@)121(g%.|H& ()2-02 20 wt % Co/Fluorided ZrOy

#10%4H& () - @@ 109 %6H6 ST, 1109 /788 @ 1! 0%k

'()-&0#10%1&'()- . ‘%%@ng(ag 109 @*l@%‘)? %@%&( ‘e g
iji{u @@ SYlO%& ()~ TOH TOH 1OH 10%—1& (- T Lo#TOHRR ()~ rsr-

oo () - SE31100448" () -+ Re=

>>>22[ < _@ @LYA0%& () - 109 () -1 109& Tabla& Sy1096we () -1, S¥109& () - ! 33" 10%&
) - 2?7J @M\ABe BEXR4npl® @a@d¥& () - 109& () -!, %ﬁa%oﬁl)ctwit#%lﬁ%ﬁa()- -LI109%& () -

TI 10% () - eBB) C: DDDSFdB] @ @ , +$10%& ()- @) 1 10%& ()

(&$109%& () - #7 TOV@ () T A RYEIugr)ded MEOTE () - SFFFT GRGH & () -

. S5&$10%& () - 33! 10%& 1%)“7‘?@%%W810W () - +$100€ () - @1 13~_=1 @1

$10%HE () - . @ 10%& | "yz10%48 (1S 10 10

109s10%& () - JKI\/D9Q?~'I2M% Co/FiftiaedMgd () - . ! N $1094NHNH& ()e86!D
$10%OHDHE, () - O%HH&() | @ $109@H@& ()- .~T: U;
U<U=UNUZU U- VUVt %‘%{g&)’é @Wb%z&' FF10%% ( () F 216‘% '()- 10HH 10HH

10HH! # $10%6HE () - . -N/FXEHNE Kigldz [ <u\/7! 100/@&'() 1 1002& () - f

| 1002& () - ! q9%A 0Y&!

| P& Fos 8 ()-sh s{Sf;(#)QB&M’ VD [ 111 dEuvT 1 EFrovee () 48D & () -
810% & ()- ! 10%& () -RuRhipaadg0 - $1002& ()-[\\ O ] "% aBu\/7!

10%2& ()- F9*! 100 & 3 110%&
3 %iocy& ()-! N s s ook (é%@ﬁ/ (%) GENT: 36, LoPke: 0)-3 34882 ()-131110%

z& ()-"0$10%& ()- .'TOYAROS) - L- T 10% & ()- . Taya<b_@ "10% & ()-!
"1098S& () -1" Zlol%j &I (l)O_w(% Ru/Flourided 398 0.92
TiOy/A1 05
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15 1 wt % Ru/Fluorided ZrO9 71 0.91
16 10 wt % Ru/Fluorided ZrO9 327 0.92
17 20 wt % Co/Fluorided ZrO; 233 0.87
18 20 wt % Co/Fluorided CaO 40 0.88

While a preferred embodiment of the present invention has been shown and described, it will

be understood that variations can be made to the preferred embodiment without departing from the
5 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 Ser. No. , entitled
Fischer-Tropsch Processes and Catalysts Using Fluorided Alumina Supports, filed May 19, 1999, and

10  U.S. Patent Application Ser. No. , entitled Fischer-Tropsch Processes and Catalysts With

Promoters, filed May 19. 1999, are incorporated by reference in their entirety.
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dysprosium.
14. The process of claim 13 wherein the catalytic metal is at least one metal selected from
the group consisting of cobalt, nickel, and ruthenium, and the feed gas stream contains
hydrogen and carbon monoxide in a molar ratio of about 2:1.

10 15. The process of claim 13 wherein the catalytic metal is iron and the feed gas stream
contains hydrogen and carbon monoxide in a molar ratio of about 0.67:1.
16. The process of claim 13 wherein the support is a fluorided oxide wherein the atomic
ratio of fluorine to oxygen is at least 0.001:1.
17. The process of claim 13 wherein the catalyst is prepared from a zero valent metal

15 precursor.
18. The process of claim 13 wherein the catalyst is prepared from a molten metal salt.
19. The process of claim 11 wherein the support is a fluorided oxide prepared by treating
an oxide with fluosilicic acid.
20. The process of claim 11 wherein the support is a fluorided oxide prepared by treating

20  an oxide with a vaporizable fluorine-containing compound.
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