; STUVe3e \ 6T20 Novenber 2002 FlI SCHER- TROPSCH PROCESSES AND CATALYSTS

USI NG FLUORI DED ALUM NA SUPPORTS FI ELD OF THE | NVENTI ON $ The present
invention relates to a process for the preparation of hyd2oduovember 2002m
synthesis gas (i. e., a mxture of carbon nonoxi de and hydrogen), typically
| abel ed the Fischer-Tropsch process. Particularly, this invention rel ates
to the use of fluorided alum na supported catalysts for the Fischer Tropsch
process. BACKGROUND HE | e | ti f methane, the
mai n conponent of naFﬁ¥§556§5¥ﬁ§%§§§§§gﬁﬁﬁﬁgAPﬂyﬁgﬁth&§$§ of the world.

Met hane can be used as WSINGRILUQRIDERALLMINY SUPPORTSduUCti on of ot her

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

carried out in two steps. In the first step methane is refornmed with water
or partially oxidized with oxygen to produce carbon nonoxi de and hydrogen

15 (i. e., synthesis gas or syn . 1N econ ep, the syngas is

converted to hydrocarbons. This%fﬁﬂBﬁﬁwgﬁEﬁNgﬁhﬁjé epar ati on of

hy ]gl 50C a(r]I bons The ?:m@]ﬁ m&hﬁgﬁh &lﬁﬁs&o ia%roﬁeés!fod«ﬂ@ﬁﬂapdraiohfw h?qucaﬂfbﬂs frémUSHtAdstsy
referred to as Fischer-Tropsch synthesis, the Fischer-Tropsc rocess, or
Fi scher gﬂsr(bﬁséﬁ"%‘téﬁc“? Fasheny ‘3".0"@8%&‘{ 'ng%e'f)o‘iyp'ﬁ‘gg 'i‘t%‘?peglﬁllﬁr#‘?@ﬁfﬂ«ﬁg% PIYSTEI |y

cont ai n Particelhudy, Wié B@ddtign atdtésue th¥ris@bf MioriGEdAMEin®d séhpdled datlysReEoMNAYFREHeat | ON

for the _periodic table of the elenents, followed throughout). In 20
part i cull&PSh BTeG§SS- cobal t, nickel, and rut heni um have been abundant!ly used

as the catalytically active BRCRKIGROUNDaOF THEANVENEIONM have been found to
be st suitable for, . catal yzing a process in which synthesj as is

Convlrt ed t o LBTER AU SRR BOREN RDPYM L PAEN efip P A4 PRI APBRERs o,

where t IaEthQS'blrla.Ql'Iaﬁihde\éhrt be llﬁéd ish&;\aﬁgigalhdjélal foB thig ipfgm)mtiongtlﬁéﬂgb@gar%@pﬂﬁh
reaction involves the cat tj c hydr.ogenatjon of carbon noxi de to, 25

r oduce VGG JreppneP AN EFEOIS R FIG BeREYHR AEO HEPSITRE Hrsh MR Eben g

gl i phat iicrefrGen @t watbh6r partially @xixe® WiE bxyRR 2 protiuta Radbbm Mmofid@det nd Mydyagenf | I St
esq

i bed in ﬁhe ear | 1903%5, agﬂﬁth& | at er, wor k by E%fCh r and Tropsch
deal i5ng Pt YPTRETHEAS OREBBL 27 HERTOU FEPnDE FNgss cEed tp BYArPions 1920' s. The
Fi schfar -Tr opsngh sgqona heggl&f p’rﬂﬁfal(tjib@ﬂﬁhyﬂfoﬁarhbrgfﬂro)’n S ksl ¥ wallkhowWads tHeQi .
vessel s st be_ desi gne . uat e heat. exchange ca ity. Because the
{ood st AR DE T Seario e Js b TORE sUiRGioy Be e Falah siennpy Brtie
product Tsdpsetadaiction Cd).uChealystsfont ke irfsudh Wakess udully Eanaaid 4 QitalytRalehdsiverisial bfave

Groups 8,9,10 (in the New notation for the periodic table of the elements, followed throughout). In

20  particular, iron, cobalt, nickel, and ruthenium have been abundantly used as the catalytically active
metals. Cobalt and ruthenium have been found to be most suitable for catalyzing a process in which
synthesis gas is converted to primarily hydrocarbons having five or more carbon atoms (i.e., where
the Cs+ selectivity of the catalyst is high).

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

25  produce a variety of products ranging from methane to higher alkanes and aliphatic alcohols. The

LT

*G00go+

LT

*166166"'



the ability to continuously produce and renove the desired range of liquid
and wax hydrocarbon products. The process has been considered for the

conversion of carbonaceous feedstock, e.g., coal or é¥UWQNmQEE¥0Q%>h|gher
value liquid fuel or petrochenicals. The first nmajor comercial use of the
Fi scher-Tropsch process mas in_Germany during the 1930's. Mre than 10, 000
BID ( bdF?@#"ét'?fbfeaEf&}?) wasofitst desprihed dn theyparly 190(heifand the later wiork) by Fisoheg|and based

cat al yStropsgeh dedling Hth h e,r@ag,gggo SsisWak i l?ﬁb%dfﬂ?ﬁ@l%%c“ bed by Fi scher
and Pi chI%r in Gér Py ) gmé |lsssuees Aug 36. Mbdtivated by

producti on oTherF'iﬂ'T“"g?'ﬁE% éﬁ%'? F@C‘fqﬂé Aserhighly exo aﬂdefS@aP'tYﬁseﬁ*ﬁ mixs be

possi bl Rsigned Bf adeipatd hedt ShcRaRge &ﬁ%lt?oﬁe&hs%(iﬁ@fee&r §h@§}§§t|3 FRoir S H?&dséh réhction
conducted in the United States 1n th 940s. Based on | aboratory

resdl t Sessefpdroraroyletbarraduetstreamiincladsiguids andswaxes, thererstignesselstmust kiveed 15

bed reagd ngllltyttbQ:okaqfoQﬂQ Iprddiidet and 3bmERI thd)alfed TRIASD lighid Bt Qﬂéﬂgﬁ%ﬂoﬁon as
t he cat ac:%l Due to di sappointi ngtfl evel s of converS| on, scal e-up probl ens,

and ri Jrofyctiaihe 3T°°§9<§§‘af)1"?°8é%“s‘d6ﬁ§ (theyspavergion pf carbgnagaqus feedeoakyegeperbd in

19S7. RneRF4E Bas) &Shighkd tvhils! Aghid h@l/\@rv&[roch@lﬂlcﬁi@v ThO s Hajbl SmiMikcial ﬁ@@éﬁdﬂe
reactors such as_ slurry-bubble colums, as disclosed |n U. S Pat ent

5, 348, Jassherslrgpsgh B@ﬁf’%r’fﬁéf“ Gesmanygiysing Big 1 GsmdMers g wwﬂ@ébwlstmday)'

Fi ohersr Preuass ey ﬁmﬂﬁcaha&wﬁpmcbm&ﬂsa‘dr&myk%% ﬁ')@d Bktﬁreeét&s efifis @8k Ha8 Sout h
A& ca in the SASOL pl ant ts use iron-based catal ysts, and

pr oduceegihdssrritsd by K 'SP'éﬂ‘ 3’34 }\’}@‘}“if “hf-;@‘hp ‘l‘é?'f’b@? b%%?r‘@“‘fdl Aned2.88%-r eact ors and wax

in rel ativel Mofieatkdt BB p8awRESH 6f ﬁl%%ﬁ'@deb@golfne%hpﬁaﬁral%er@{e%h b tHlel pogitbie €
continuing on the devel ogment of nore efficient Fischer-Tropsch 25 catal yst

syst ensis@ Afithe Buidized hed fps Fischer-Trensch syfthesis yas eqnductsd) i theilipited Statss intheymidzal ue

hydr oc aolgSpdsél & Rbbra®RNeultd, IRRRE Lo REBELh, %.Icr &ﬁmuctea alRhiskiphiatk Auidid nunber
of studies describe the behavior of iron, cobal or. rut heni um based

catlal ydhed reastojathp dlgirecebeaibat gy, Tegtse iting pwqewd tifpa agdheratlyptnDugfto

cat al y SfisappiTRaE 1EveRIBT cai\ersRh SRAL-8h hrABRms, 'Eh@ﬁﬁn@ﬁaﬁnmﬁ 'gg.ﬂbrfck& dptratidhnf hrahgnces
in the nol ecul ar wee‘?ht distributions of the hydrocarbon 30 products from

Fi scherblant gysec sisperded o 105y Ressprch hsp aemwtwddihngmaee.devplqwnsp*"r'%faerc?opsc

sel ect ipiciots SRAGE R DAVIE Yol@finst REdibYdR8d ANILS PalehtQld! 5848082 3Ried 8LbnSES and
on the react or type and operating conditions. Accor dingiy) it is highly

desi r alA%!?%- maxi m ze the selectivity of the Fischer-Tropsch synthesis to

t hgopr oduct | @dmMérciai actitabiifhe Fisehdt- qfrdaydurpe&aish@asomm HroRS193% € the prdaaits Wit h
five or nore carbqn atons per hydroc%r bon chai n. 20 Novenber 2002 U. S.

Pat . Ndtay4ngytheairias fiey SonOkgtants 1 Thepg glantsise de‘ﬁé%edt"ﬁ@IYF‘&s‘E‘rd oM Fesi s

of i r orgab@me tn GofafiV el highabhiefdnR® fiuft-Bel Eredbtold AndTiwax G rdivbly CbR-téhZfanicange
for use_in a slurry reactor for Fischer-Tropsch synthesis. U S. Pat No.

4,619, JPEdibediraoSn oct. 28, 1986. and U.S. Pat. No. 4,670,472 issued on
é un. 2b S 19RckearctnGs Uk&lsfaéntmm?lg oft, tﬁBHe&ﬁ)z)nieﬁtsbfeﬁ*o@neﬁbibntmlschblgﬁrzpsch

e ribe a series of cata ts oI use l.ur S Tro I ocess
i Aitalyshiviie@s anqjceactjon sistams that v@r?seéhw@fcwa f?%“ \fﬁfrﬁy froear r“b s of
rel atl ViAherTBrop RN pradulOfretd ML parkiangea nﬁiae&tdf@ma.epaes&m th@beHayick ofMrblk) ai r
and water and calcination are specifically avoided in the catal

pr epar dobglhoriutberipibased pafalyisin ypsious seagtprtyBest tps%hcewﬂi' fhe geveopmgnt %aa@'é%ct or

by reacéoh%amm,;sianmtbgaﬁyngor to slurrying in the oil phase in the absence

of air Cat al yst ,su ports for catalysts used in Fischer-Tropsch
synt hesi s OleWVd?IGC" iAat ditfgrences in the niolecular weight distributions of the hydrocarbon

30  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
production of high-value liquid hydrocarbons, such as hydrocarbons with five or more carbon atoms

per hydrocarbon chain.



typically been oxies (e.g., silica, alumna, titanic, zirconia or mxtures

t hereof, such as silica-alumna). It has been clained that the

Fi scher-Tropsch synthesis reaction is only weakly dependegf Nowvemher 2008ni cal

identity of the netal oxide support (see E. Iglesia et al. 1993, In:

"Conput er-Ai ded Design 15 of Catalysts," ed. EE R Becker et al., P. 215,

New Yor k, Marcel Dekker, Inc.). The hydrocarbon products prepared by using

t hese catal ysts usually have a very w de range of nol ecular weights. U S.

Pat. No. 4,477,595 discloses rutheniumon titanic as a hydrocarbon

synthesi s catad yist, Xeora, é%ﬂqri@ﬂiégto'n% Iolecﬁ)sbocié;eﬂbé%ytﬂé %@J %ﬂ&m\mt&bna
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hydr ocar bons, nprising contactin 3 str€am conpri si ng 8r ogeh and
car bon mﬁ*bxwde ag. { thoria. darapesns Patpry Nap 1éa887 disclosone sdica aunpengbm@m rcatalyst
pr essur ?og@t’ﬂ \§19?£:%o ﬁ%%hﬁnbfm ﬁfnfh&ﬁﬁx’f\\!lﬁd/&&hﬂinﬁ&mce an effluent stream

r| Si ng rocar ons, sald cat st conprising at |east one catalytic
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i ncl ud| I I
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according to the process of this invention can be obtained fromlight

hydr ocarbons such as net hane WI‘M@FT&I@MEETW% ng, parti al

oxi dation, o r ogen
s ot ded. By o R o L R tbancil L b AR, Wl B A T
suf fi ci ereparipgttbe cefalystskhe progess icomprises gortenting @t fe%ﬁﬁ@amaqwrlmamm@egﬁww use
[ n the EiBGNREKRRIAN BEAGARS realionl SndFhEbIARLM S BReiiphar ratio of
hydrogen to carbon nonoxi de in feed be greater than 0.5:1 (e.g., from
about 0.67 to 2.5). Preferably, when cobalt, nickel, and/or rut heni um
catal ysts are used the feed gas strean1contains hydrogen and carbon
nonoxi de in a nolar ratio of about 2:1; and preferably when 2j iron

catal ysts are used the geed gas stream contai ns hydrogen and carbon
monoxi de in a nolar ratio of about 0.6%:1. The feed gas may al so contain
carbon di oxi de. The feed gas stream should contain a | ow concentration of
conpounds or elenents that have a deleterious effect on the catal yst, such
as poi sons. For exanple, the feed gas nay need to be pre-treated to ensure
that it contains |ow concentrations of sulfur or nitrogen conpounds such as
hydr ogen sulflde annDnla and carbonyl sulfides. 30 The feed gas is
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4 20 Novenber 2002 A conponent of the catalysts used in this invention is
the support material, which carries the active catal yst conponent. The
support material can conprise an alum num fluoride or fl uBPINhyembeL 20034
Alumi num fluoride is defined as at | east one of alum numfluoride (e.g.)

al pha- A1F3, beta-AlF3, delta-AlF3) eta-AlF3, gamma Al F3, kappa-AlF3 and/or
theta-AlF3). Preferred are 5 alum num fluorides which are primarily

al pha- A|tl{%3caﬁtl3@t’ Ned lilﬁfh@‘pﬁic&% coﬁbﬂw; lnflRgkt ahéwatmld nﬁetﬁ'lefbt PREheAFropschOBRESAsL | ON
conpri sing al un num oxygen) fluorine, fluoride content of the

f1 uori déus-aftleastpae agtpl %Wdéw @6 EOH4P FPTSIStIRG ‘Efn‘t’o@ erhalonickelasd qethengyp)pgnd

wei ght falsmfohmﬁtenlh@]ett@mndw gr&fp ih&18dimg QiR S Albkidenad SOSTRIRH B0 Mints. | |
i ncl ude al um_ pum and 10 BIP]EG conposition nmay al sg contain a

armount (corrpéftl%awnaloantﬁwﬁﬂ f|tt*wﬁpartttw&ﬁmmpomfb@lﬁ%tt]@pscb.ca%ﬁﬁ um

andisor @&ﬁﬂ@sﬁiguﬁ‘ﬂpr}hﬁnfg@@lﬂfpbrt reele&éd AomCRBRKdLD! Mudihd! @h iatl@dndh YRbA&Saind/ or
an al um num f |l uori prepared by a variety of nethods. For exanple)

U.S. Patflipiidediglumings swith Wbandn%' §nFisg Tawactsfe%ztsnﬁoe di scl ose t he

preparati on qhe filviépiidndash crbdsna sippofdIEFE@RE Topsth WataBlst BdMRisgtdd I@st one
vaporizable 1 S fluorine-containing fluori natrlgg (t: ound. Suitable
§C

f I uor i n&ttpRte asihRINkischembreigh regetions@nde, suppy = she groapieduding an

CC12FCChfuéhinmeédias anddveridBpdi@ffadNo. 5, 243, 106 di scl oses the preparation of
a hi gh puri tyrgAI F3 from al um num sec- but oxi de and HF. Metal s . can be
rted on

supp P dppvepHAm a3oiaslndss agrocsss for profyciredhySrasaRbARs: POMRYisipgrooRiAsingra

ways. F@ged @adiplcBmpriding hydadg@RtandN@arbén R Owih 2CaRABES int HeeabliciPamat hor Of
netal s such as cobalt on a 20 fI uori ded, al umINg support using inpregnation

t echni qlRPEHrSupSHIEe fik SPRSE ayeloclty sfegiyeeitr PIRguces a séflusalo Sragy: coRRESIRg e

prepar athi@Bcatons, shid |c£thlgft%§|ﬂ Gttt Yeait oROERAICtrhédd] F&raTIRAESTrBSclY hdtRMSaniRl al
fluorides incl ud| n al t I uori de honogeneously di spersed with al um num

f1 uori dévppetteleied %B‘F £rowp incyding g glumingmsflyoside and fiporiged-aluniats on of

nul isphase catal yst coePPRILEIPDESCRIPTION OF THL #VVENTIONhEni um
honpgeneousl yflbdl spersed with various netal fluorides, including alum num

f1uori de. fdesd Lagss cAprgRA 19UtAT Progess iof dhestnkentian cerpryjse fudigeen Rep é‘y?fﬁae“kappa

can be ratstﬁwmﬁcaae%nmgxnu@a@/wmm&es Jﬁattﬂ@ts MNRedsRcBRB c&RBisiol1hydrth@Bhs NO
S, 417,954 apd U.S. Pate

n 5,460, 795 al have been treated
with flasordngiodhepoeesy P%z‘élsliﬁ‘je"%‘ﬂb‘ﬁ‘“at? Ot’%’g@?a@i‘&hf E‘é’(ﬂ"‘iawot‘:ﬁﬁ‘tﬁbéﬁﬁ’e atent
Appl i CaU)!me:aN)of @M&M&@ |§‘aatrhl @kia@ndasaou&ﬁﬁ pAScesseS KA i thel 41 Pekiferablo sied
support rgé)rl ses f om a OSt a‘?@?t 10
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99 wei gh\tatep@lii?s&niﬁ a@tmﬁtdmvat soﬁfk&i’e{'ﬂ@'rhyﬂlfbg@ﬂmﬁ‘ﬁie iafthe lheehslatxabs;cs Iprodbss! 106
present i tio |sthec tic

Pr ef er abl e cat nmetal is

R T oot et O Mol of THHORE AP ORI A ek Sy ! b
conponeioni SolEsTed, st)opratreﬁwydeh@t @b hitkel Na@id Ry rl(tﬁanglm cdﬁilﬁm%ﬁlé ded itleOfSed
cobalt, nickel and/or rut ﬂ%ﬁi rp bef or.(ﬁeéuse The, ca ﬁ st .C rltt ajn a
cat al yt BERITEY™ SPRART hYJEesh i FArO8R MOpRXidedf 4 moker rat'?(? ﬁxﬂ“ ably When
conpgne ntaﬁ 8atalysthare asud divtgeed gas atrahyctohtam@ayc&bgqa ra@d &boni MorloRide od rably&hum
vary wid piLcal ly) the catalyst co ut 1 to 50%b ht (as
Ve ot 209 BTH b itecc i Y e P com Al on e e Bl sPoR bt
total webglshtradibn 6Bdoalpyiinds onataraéntsahd hswmodmletenops"ﬁfeertmhhg/catamms@dmubmiortso 30%
by weight, and still nore preferably from about 1 to
Che et AP oRRRIeD e e PR T e By eBF e ourBenL By B St aprcahal ¢
and r ut kelfiiromitrGie cpmpbuaids adh astiyatogsit sufdepanaeata atnlwatboﬂﬁl stlfid5% by wei ght

about .20% hy wei i,nation of cobal nd rut heni u
{he 300t hont urE destant o Enrbed buB o G0 £ Badlinpirona Msshiise) ormaRBe P y ot
may al s@omveniiinials designemay betdhepl@ddliak | the adactionop®ik eindluding, nfotliekdngtls fioedvbeds o

fluidized bed, slurry phase, slurry bubble column, reactive distillation column, or ebullating bed

reactors, among others, may be used. Accordingly, the size and physical form of the catalyst particles

may vary depending on the reactor in which they are to be used.
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those skilled in the art. Wen the catalytic netal is iron, cobalt, nickel,
and/or nithenium suitable 10' pronoters include at | east one prom)ter
sel ected fromthe group consisting of Goup 1 netals {9 gvemlp@)’ZOQZ Rb, Cs),
Goup 2 netals (i.e., I\/g) Ca Sr Ba)) Group 11 netal s (|. ., Cu, Ag, and
Au) Goup 3 netals (i 4 netals (i.e;) Ti, Zr and
H ), Group 5AfQmape "(qf the m\ysts Wdﬁﬂ“-‘*r‘&‘}e““%ma Pyt material, phich pqrrigsbe R

Pr ef er alaktive oaﬁb]staﬁdip&deﬁdﬂ theNupioRt @Aaterid] @fin &d%@rﬁ@hﬂ'ahnﬁﬂﬂ( ﬁﬁonﬂb' Bhﬂﬁuridm ar e
selected, from Nb. Cu, Ag

an::l Ta. s, e?@F’é‘B‘ H““éﬁf/ '%éﬁﬁ“f’%aﬁ&f IW&?BPQFL‘W‘W tﬂl‘l‘é“qerqﬁﬂ éii‘f‘%t $ts Ftre
Sk P
or oot erf et Bl ke A, M A CaBRALT and 0 qRBRHED, el e 0F

100 par tamnmiuncﬂ\rohusmhudﬂareaiﬁymhwal;ﬂﬂpﬂngaxﬂ@rbewmI@bout 10 to 25% by wei ght
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ACI I+ Productivity (g C 11+/ hour/ kg catal yst) was cal cul ated based on
the integrated production of the C I 1-C40 hydrocarbons per kg of catal yst
per hour. The logarithm of the weight 8 20 Novenber 20(N&ehitbac2Gon f or
each carbon nunber I n(Wiln) was plotted as the ordinate vs. nunber of
carbon atons in (W/n) as the abscissa. Fromthe slope, a value of alpha

was obt &i : I e I ?A}@cng | s,
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f1 ow wasatahysts efthepregendinyention isd»g@wt lrrm@dqcedﬁs@? fitew incthgymetalligistate). yThemfpl@dt t o
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hydrogen. The "sanple was treated in a hydrogen flow at 400C tor our.
cat al ysef hydregenshanrievated fmpsrafure nTypicatlo thematalyst iafreated- witheshydeesen sutainiog). The

mat er i MRS GRRkAste if 1S J}.gdomrmawut TPORRNCOPE R S86: O  Qork BARGRE
into an"inert atm)sphere ridiniurf~ 4 (25 g))

pr epar e8t apregEcefiabeyt 1 4 ﬁf)mn |Pu%>§if%r=wr bﬂuqe trbthsoedﬁttwf\dfem%es under

an iner Fna?tar?ﬁﬁm?@f)@hﬁﬂgﬁeﬁ Rfidad (et %H"M&N ayvai&o a&eéijJMré |of a&dmg%glahsl Dther
di ssol ved. The clear solution was then rapi eat ed boi 1 ng in an open
conldi nérseuptEE kapwR iyt antrch as aar'eq?em@owé? a@écaﬁhon ‘é%deasR edyqtion Wit BRI CO

boi I'ed fiyR53enhaRd fAbstidnGiithY hiRnfd StR5ABSAARE Garbohlifond Al /drk PrefefR. Fhe Shaupt

cool ed y| elding a translucent white solid precipitate. The precipitate was
filteref M@%ﬁ&?YEﬂ?gﬂf‘P'é&b%lét‘éi"ﬂf’g'c‘é’P%lbﬁféth e material. The recovered

white solid wae Fipliepatopstl prodest ¥ tPpi€HR rir? inRDYntinudumbay. | BOfisahode U8 ghdir Nace

equi ppe th a rapid.flow of dry nitrogen and [ogated in an efficient fume
hood. Tﬂ‘é“ anfhiee V\g‘§°ﬂ'§at‘&?“$‘b the o Feastiony ?“ﬁef’f"ﬂfd% of@¥ 5 T3feR | fom aabpuhel d

t he2@ f 000 vollaesNBdur/ddlemé &ﬁzﬂi'st Qilir/ ) @d abold) BGED0AIHES, preferablyl fradd hislt 300hv/Bdor ed.
OGNNSR CR RN PO gt C R
conposi abonn 300°d. Preferabipnthb atdtién ZGnewB Sopemrt ait @dnveBion 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
25 600 psig (4237 kPa), and still more preferably, from about 140 psig (1066 kPa) to about 400 psig
(2858 kPa).

The products resultiné form 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 modem analysis, about 50 to 100 carbons per molecule. The process is

30 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.

The wide range of hydrocarbons produced in the reaction zone will typically afford liquid
phase products at the reaction zone operating conditions. Therefore the effluent stream of the
reaction zone will often be a mixed phase stream including liquid and vapor phase products. The

35 effluent stream of the reaction zone may be cooled to effect the condensation of additional amounts
7



20 Novenber 2002 EXAMPLE 3 Pyridinium AlF4 (25 g), prepared as described in
Exanple 1, was slurried into formam de (50 nlL) under an inert atnosphere
and then the slurry was heated until all solids di ssol2®Novehmser2Dehr
solution was then rapidly heated to boiling in an open contai ner under
nitrogen and held there 5 for 5 mnutes as pyridine and CO boiled fromthe
Soi ut i oof ydrdearbbiiscind paseliaw.a vipar-ligoid sépacationacnersepapating tieliqiididne viyRaphaour ce
and qui ckl¥( co?Ledal Xi lagé ng%aajtranbsl ucent white aoéigd IIpreéi i.tate, vvh'kch
was t heRFOART-o FAG VARRTPHES PRSHRl [y 05 RRESS 40 4 sgeopd gt saoling frrecolery &F i al .
The r ecadditica] trirdcarbony. | Thenbiquids phiasa thatehininfrym i the nitip) aapot-Ha@RIt sepdtation zone

hori zontal .t ube fur.na equipped wi th rapid flo f dry nitrogen, and

| ocat edt“’lgﬁmgrnw‘e v d fqé'ﬁlfﬁ LR REOE SHIE "s)'énprfeem%lg%ﬁ‘gé{‘[t%ﬁﬁ lopafna elumn. 5
peri bd Gypiddlyss stipping eslummds éngilojed Hiest ¢o femrovd liphtuhiydrocdrbensrsactilhd frdpanks apda
phase F3 was, col | ect ed .and, st ored. Ruthenju s deposited onto this
suppor ?Ib'(tﬂneg) %téex%&aﬁ?/"g:hg dgeasrgé'}sb"éa ?eo?asfeaemégl ‘g]ﬁ' < ti?ﬂ%léogl ??g‘{"éf‘r ?”g‘fre A ae

( Exanpl eepirajed b baitibg@paisttrange irtto proddcisasuchcasnippighd, kemseaé anlR@wileNHidrp@ebofd F3

was isolated., EXANPLE 4 15 ridini F4 repar.ed as described in
oot orgoligea oM rbactonnE Yod Gl 4ok bain? Rt whaP bEREESe Brada oy
at nos phée passal inovweadventionabpribtasgjnglequipimeat $uch @$ a digdrdcrsckiigvade ilwder waeducag,

whi needl e crystal. e col lLect frltration and this collidinium
sal EIBWa °gu%‘?$%%ard‘?'?lé‘dy\ﬁﬁll&egasn‘? r°o§°g%‘};% hfem'Pe VRS 2287 FHRS TP Bed i n
war m nehjdrocrboametotvary mayrsd paytiatismespcledif @lobutaingle syfficiSntghanpiey ofdrydogaf anithhe sal t
was added,to the.clear solution. After brief stirring) the clear solution
was 20 SUBOMONOXES o dryness. The recovered white solid was spread thinly
in a quartz Widiout fartlser ldbdaraton] ials belidyed thatrona skilledyini titp@etean) dsingahe daperiptiba ow of

d ' d | d i n effici hood... T I d
asbcovhired. iR srSal BuFiceni il P! s BB E s RmiacRe Fat °

resabt andnstridet & itlhamdvelak® nuas anbtrainitge the aseopesbdthe chresBhit inesationmimasy way
deposi te(il_ll onto this support (4 g) exactly as described for the al pha-phase
25 mat eM'&F°YBove (Exanple 1 ). A catalyst with nom nal conposition of
10%Ru on theta-AlF3 was isol ated. EXAMRIES PyridiniumA F4 (25 g))

pr epar ed, as scribed i le 1, was spread thinly in a quartz boat in a
horizonm%gﬁg%ﬂﬁgg&r%d with a flow of dry air and located in an
ef ficient fukect3g thoodalysTkampleswas tresteds witke hydrdgenqrid? BQise i thecFigher-Trdpsoli

b 45 i nut t 30w )
A P20 e lidh B ARG re MASTo gl P kel i P GpuciBliy uThibb A by BLBCURED
g) exacthysm @asenobed/d) pirdghe abtophateppas@reNit 45 infhut@bovie {mphRhethd) . A

catal yst with nom nal corrposg' tgon of 10/a Ru on eta-Al F3 was isolated. 10
heated under 100 sccm (1.7 x 10-© m7/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

25  nitrogen before use. -
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 1 hour. In a typical run, roughly

50 mg of the reduced catalyst and 1 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
30 reaction product was analyzed on an HP6890 gas chromatograph. Hydrocarbons in the range of
C}1-C40 were analyzed relative to the internal standard. The lower hydrocarbons were not analyzed

since they are masked by the solvent and are also vented as the pressure is reduced.
A C |+ Productivity (g Cy |+/hour/kg catalyst) was calculated based on the integrated
production of the Cy1-C4q hydrocarbons per kg of catalyst per hour. The logarithm of the weight

8



20 Novenber 2002 EXAMPLE 6 An aqueous solution of (NH3)6RuC 6 (3.0637 Q)
was slurried with a crushed commercial sanple of fluorided alumna (9.0000
g) obtained from Engel hard (Al -4352) and cal ci ned at 200®@vembei2008rior to
use. The water was slowy evaporated and the residue dried at 110C. The
dried solids 5 were treated in hydrogen for 4 hours at 400C. A catal yst
(9. 718 dactiunt fior each gnrbcmaiu mbenin(¥i/0) was phdtted @4 Ra ovlinatd wsonunthedofdatbon ameds

I sol at ed, XAIVPL 26H20 (14.83 and ALE3 (7.000 g) were m xed
L 5t heWafi 25 B W10 Sral 5 lops & ol e Sbs Ghaisdr Som e disgied adruic

were the dr. Bou nd
treated g’gg%%mvc\ﬁaﬁwegﬂ lgé/senﬁ'g? &Hg%ﬁgs OJ (‘)’értegp wg&tajs al ygﬁﬁ?@ %%‘3 A3 wth
a nomi nalabl@dmpfbsﬂlZﬁ?ﬁtlndTablSG% CoJAI F3 was |soI ated. EXAVPLE 8 The cat aI yst

I e RYekidse] ane manner as that of Exanple 6. EXAMPLE 9 15 The
cat aP Mﬁ%@ In the sane manner as that of Exanple 2. EXAMPLE 10
The cat al yst was prepared in the s&X¥AMBdhbr as that of Exanple 7. EXAMPLE

AT ) g R0 gl i e e 6t e

t hen pl aced,i fUrnace equi pped’wi th
a flow Qf4nROném.bdE, 1998, W 15)i J00H0RR spread flnlyiikh lilurfrtzL&ithnCH hor{z6adk Hibeafuchabo c at ed

in an efficient fu qd. .The, sanpl.e was. heated to, 350C ov eri od of
30 i nutaSPRELHLS Ho t'wgf‘a YOO o8 STToRG TS ape- aﬁg gl ettt i na
was 100! 138¢4Csver B PeriddOsretchouraricieR er@ ffort 10 fint8d, eThedesu(lthht @hawasse AR waed
into a solution of 3.75 g rutheniumtrichloride 25 hydrate dissolved in

met hanolcoll2&dmhg storghe sl urry was stirred for about 10 minutes and then

evapor at ed t%aﬁ%)‘@nféﬁaté%aﬁb@éi’ivapﬁﬁﬂeﬁ'g% g BftutloR OP MRt uaﬂelhgdrﬁ@fg sgpn

calcined in owng dry alr, in a urnace at 150C rs and

t hen t hdisgelvedf ih owthanal (ESank e (b sy wpystisfed ford@minurrscand dhep evaperated tq/mneqm ckly
vanped d r

time t ok‘ﬁtrhééﬁl%tﬁ%gelﬂﬂ g%eﬁggﬁyp%gd V\w/ggﬂlrg'ggaucgﬁqﬁﬂx\ﬁy ?ggﬂeﬂmﬁ ow gtggﬂfl 0C f or 1
hourl5 Tier Zrhouss a@ﬂr whirhihe sesoldve wanswitched) thdry nitfagen.niThe geeratiradwashauickbeal ed

for [ gt 5 € o %élc?ﬁn'énteag kSR QN sp@aﬁa mu&@fooafﬁﬁodog%at ¢hy'st

was bat storage |1 nside the glove box unt
Fi scher s@mplp sahtreates ip nglyétegﬁncﬂ%eat d007E! for bhour TAecatalystayiisnontiead compasition af

Compost o0 Ren AOAN bo AU S il wadchotca HAANAIARLoreORR FRIAMILE, 12

An aqueous solutlon o NO3) 26H20 {15.63 g) was slurrie ed
commer cifad transport into an inert atmosphere glove box.

20 EXAMPLE 2
Pyridiniumh AIF4 (25 g), prepared as described in Example 1, was slurried into 50 mL
formamide under an inert atmosphere and then the slurry was heated until all solids dissolved. The
clear solution was then rapidly heated to boiling in an open container under nitrogen and held there
for 30 minutes as pyridine and CO boiled from the solution with effervescence. The solution was
25  slowly cooled yielding a translucent white solid precipitate. The precipitate was filtered and suction
dried as a crystalline white material. The recovered white solid was spread thinly in a quartz boat in
a horizontal tube furnace equipped with a rapid flow of dry nitrogen and located in an efficient fume
hood. The sample was heated to 450°C over a period 'Qf 45 minutes and held there for 4 hours. The
resultant beta phase AlF3 was collected and stored.

30 Ruthenium was deposited onto this support (4 g) exactly as described for the alpha-phase

material above (Example 1). A catalyst with nominal composition of 10% Ru on beta-AlFy was

isolated.



sanple of fluorided alumna (7.000 g) obtained from Engel hard (A -43S2) and
calcined in air at 500C priox to use. The water was sé&@g evapoar.ated and
the residue dried at 110C. The dried S solids were tr€at®@ efPh“%’& ogen for
4 hours at 400C. A catalyst (10.661 g) with a nom nal conposition of 30% Co
on fluorided stam na was isol ated. EXANMPLE 13 An aqueous sol ution of
(NH3)6RUCI 6 (1.5318 g) was slurri eBAAMBLES 1| yori ded al umi na (4.5000 g)

obt ai ned by pyrRfiam QA 184 (25%%)2prepiréitasdekdtibel i ExaApRG, whb Stukih Qhto \Wethamid@M Y
evaporated 10 and the residue dried at | 10C. The dried solids were treated
i n hydr@$8ed.)fuoderzanhipert atmesphe0@d thencthe alugrg twagihtdtedauntid mil selids clssqhedi tThen of |

0% Ru | i 1 L . . . 14 i f
() rcs SRS Aoy AR MR kPO iletan oPalenkt'y 06 AR Uy 10 P
al urh nafof . n0@BEs ) pysidingiand CQ boited Hrage Hiccpobitiorwith EéfBvesaende.c The soldibni wasai r  at

600C pr | , . Tl msal r at
at - 1100 byt R i i ofiory Bal it EURRRLA Bl i GRS WIS " ,°
cat al yswas(ther6BRered ang subticn drisrite gieldooerpstalline whiteghatardlo ThRurecnvertd whité shdid

aiumn i . ﬁ;gﬂvg : r 4m na. - ) 10
g) wasa‘gégﬁ%lréﬁg l?ﬁelgray alr g%l%gé‘@q%g#am?%grfé %grelggs%g%gg'rrnlé&gg(@“ éﬁE terial
(| g) wiaegeorand hesdted an @0 efi0icptefyme hood2 STIR se@plerwyasdieated Wrd§0Y] ever 2 peridgdafo a
solyfio i d ) i i (0.05 g)
2e 10 L Bleufel Rl el A g CTIRE Ry ol ROAFRRSIG R GGLE, (7,

i lnyéI es and Rﬁtﬁemw_amgla@csdﬁ ontél thi$ SpPorei(d ek ctbeﬁg:ieﬂ?ibed'rhﬁ mﬁmgiggéf dry
oo hoei abeiS g shoa et ol e ety WP o3

t enper afureqwas quickly tanped to 4S0C 2S and held there as the gas phase
was agal n switched, this time to dry hydrogen. The sanple was - reduced in
hydrogen flow at 450C for 1 hour. EXKAMREA|al was cool ed and flushed with
ni tyogen ov i . i A gl her e
01 oo Do Th A A6 (955 pRPAICFE btk BIARARK 1 O R e
t he gl ogse nti) andért dnl inkiit acdvsphefe foiswéd by-hdatihg aitilrall tidd dissoired 0 Wpbretating, The

cat al yst, .had nonj nal composi,ti f 20%.0/ 1l uor.i ded stam pa. ,3Q EXAMPLE
76" Cal o pesls SPReRa e SORERpy tion 3nd % souliBhiod 5By SAETAR LS 60- 80
mesh ( Opitbged. The marpvaed olidwhs idisssivddda ciacn nithand and euetiptlamsgiar ehlgridey e

box. Th terial S urri.ed into.a seluti f. tetracobal t dgdecacar bonyl
(050" o0 ¥ oS rfin of R s Aot b e Rttt Allardc] S RRBARRERR,,

abdld lévaporated esdrsunds.t Tignrecovapd vdiite solidowadrspread thinlys inregquartz baatl inna lgwimmtalThe | 2

20 No 2002 r. dd i d t hen .pl d i b [
20 e urgRdpl AR N S Bt a5t bR SR B B B8 £ °
was heaivaschehted 20450°C ovatapetiydisfagan 1dbuddiCha thetecfondliminiten Tielrebulton thati

m nut es., The nat eri.al s, cooled) flushed with dry nitrogen, and seal ed for
transpo?llasei&‘:éwaaﬁc?lﬂe&e&%édtsrc%g%here gl ove box. The recovered catal yst was

bottled and RgRkfish fbds depRRIta@PEnt Bl Sppbit €4 B QU&IR el For did AgHAGIhastr opsch
testing could be conpleted. The catalyst had a nom nal conposition of 20%
Co/3 uomptgea] akpYmiBxampieXhnvAL matalyst Afithpnyiash sempysition ©f 18%Rp oa hataaflFa swas
descri bgg‘atic&l Exanple 1 was | oaded into an inert atnosphere glove box and
then slUrried into a solution of tetracobal tdodecacarbonyl (0.50 g) in a i
0O m ni nrum anount of toluene. The sEXAMPIESS stirred for about 10 m nutes

dth ted f i . ..Th d d lid
ths hon i SRS Ay CIo8 et A4 RAKACH TR, ek Preb BORIT S a0 ¢
a flow gfat i ¥ nb¥RAh@DRMe fukiRe $30PHed WilliSa NER AT fAr £A06catedd iflfal effitihofaR at

10¢ min and then held for 30 nmns. The material was_cool ed, flushed with
dr i thdenTheafitnpli e featash tor 3RS Siypt 2 iPRQY efnabioted § migtteh apvhbeld tare & box.
The I eCsy/Rintds e HanteBpbhscAIPPihd BMlediithng gBlead for storage inside the
gl ove box until FT testing could be conpleted. The catal yst

Ruthenium was deposited onto this support (4 g) exactly as described for the alpha-phase

material above (Example 1). A catalyst with nominal composition of 10% Ru on eta-AlF3 was

isolated.
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had a nom nal conposition of 20% Col al pha- ALF3. EXAMPLE 18 Engel hard
(Al'-4352) fluorided alumna (1 g) was slurried into a solution of ruthenium
trichloride hydrate (0.375 g) and nickel chloride hydl28tNovembeoZ00) in

met hanol (10 nL). Fromthis 20 point forward the procedure foll owed was
identical to that described in Exanple ,19. A catalyst with a nom nal

conposition of 10% Ru and S% Ni on i ded al um na was isol ated. EXAMPLE
19 Engel hard fluorided alum na (Al - g) was calcined in dry air at
600C for four Ahaguwus Siution of (NHg)anﬁke(Bméﬂg) wasgslurvigds with @ nesHedt épntier84l nesh

0.2S-0. 18 | bal
chi or 1 deseelR aitiopdsdaiumys GRS TptaTSH om Megha Rbfoabaisaiones oopie -

met hanol aif Aorth hise. TR waler Way IR eVhgordiiCantl e AN drib@ af™l 106 e?h@miedtsbﬁd}
evaporated to dryness Wi { hout heatl The recovered dry solid was then

cai cihed™rs treptgdimlydenesn for A hoyps gt ‘!QQ - AURRlyEOH18 ghpith mpmmbconwe%on ¢fhen
the gas {dogru ¥efucridkd AleHa vk idsiMedli t rogen. The tenperature was quickly
tanped to 450C and held there as the _gas phase was again switched, this
time to dry hydr ogen. The 30 sanpl eﬁl@gﬁkgduced in hydrogen flow at 4S0C
for 1 hour. %%mfcb (805 RPArACK IR 7 ddo'S kva-st mxwm@m.&qaﬁme&@.do& hea
seal ed for transpor into an inert at m)sphere gl ove box. The recovered
cat al yst piaaind bédtddetd 741 Tleadoid cliunks sterthapdreated ivith Hydegel 0\W009006or dihburk,

Fi sc sch te | et h al yst d m. pal
compiict i 83Rn5E e SRl Piob BydrollR B 6 A i35 B
EXAMPLE ﬂﬁnlﬁalgahbmnubnbflmdeﬁ#asmolmd(Al 4352, 10 g) was calcined in dry
air at 600C for four hours. Sone of _this material (1 g) was crushed to

60- 80 mesh (0.25-0.18 m) size. ThiEXOMPLER, rjed into a sol ution

contai ni ng r utkeRiaWi w4l wm@lmagﬁk%&ﬂer%&a@fmmm@al | adi um tetraam ne
chloride (0.025 g) 5 in rrethanol (10 The slurry was stirred for about
10 minutes and then evaporated to dwé'ﬁ\&thout heati ng. The recovered
dry pplid wasThd\@ilystliprpared i the Qilenthnfdrus thaf of Bxadplt be furnace at 150C
for two hours and then cool ed. The sanple was left 1n flowng air
overnight) then the gas flow was s\HRAMEBLE 10, dry nitrogen. The tenperature
was qui ckly tﬂmﬂlﬁspw&?%amdath@&adaetnbﬁﬁ&aaﬁmtm;x%ﬁephase was again
switched, this tinme to dry hydrogen,, The :rrpl e was reduced in hydrogen
flow 1l a at 450C for 1 hour. The n%—'lﬂ s cool ed and flushed with

nitrogen and GhfmasRaiRA10 ©wds cARRIAQ6 BO-BMn@sha(lO 25 E8tmA) SFR SRl Blef pALANViR aDOX.
The recovered catal yst vvaffugg ttled and s(g t(Ed for storwﬂe inside the Iove
box tht i 1U2R7 POMel. MBI oRH tiPmaceceyirged &R Pyt A0 mimin, diyanifegen

nom nal PP tfueiafaah (EAYE)Nd1B6aRA! if lab REficikael fihd IRdodA. ThEXAMTE Fad healdd to

Engel hard fluorided alumna (Al-4352, i0 g) was calcined in dry air at 600C
for four3398Goyer agpenied of 3¢ mnytemcbhql@\rhe(qfogyo mitesy (Jop eqguitant Gaprded plumina
(0.25-0. Jv%égmctéf&aﬁsto%ﬁ' s was slurried into a solution containing cobalt

chl ori de te (0.50 g) and | adi um t etraani ne chloride (0.025 g)

rret hanol ( 10Ar$er)lple Phthisapateriad ( ‘g)rﬂi waa slotried iggo prsolutionuefs. Ylﬁesnlﬂh‘-ammugddomdq

Pd/ 1[?‘4 uorllg)glé ?F&%@"tﬁﬁ“y’g@‘%&@ﬂ@zzw um ha ?LSE 59@ If%S-b%?tO/ (gﬂg’)hteﬁgd ﬁheeélt ed

i n {1 uorevfaperated @Higless withayhkeeatiugy r Thatre @A @ dry solidiwas then qalcined inMavangrdry airi al
vas col | 5o &l Hithos LOIsBEL f/Rho i‘{)ﬁlu 5.@?&97 o 318 6 Was RitcBP eo™dry hitogéh. ' THl0 2

solution o enium chl ori de
temperature was quickly ramped to 450°C and held there as the gas phase was again switched, this

time to dry hydrogen. The sample was reduced in hydrogen flow at 450°C for 1 hour. The material

30  was cooled and flushed with nitrogen and then sealed for transport into an inert atmosphere glove
box. The recovered catalyst was bottled and sealed for storage inside the glove box until
Fischer-Tropsch testing could be completed. The catalyst had a nominal composition of 10%
Ru/fluorided alumina.
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in nmethanol (50 nL). The drying and cal ci ni ng procedure was that used in
Exanpl e 20. The catal yst 25 had a nom nal conposition of 10% Ru/fl uori ded
al um na. EXAVPLE 23 Engel hard (Al -4352) fluorided al un2thNogeriber@p02as
slurried into a solution of nickel chloride (5 g) and magnesiumnitrate
(0.5 g) in methanol (25 mL). The slurry was vigorously stirred for 10

m nutes and then evaporateb to dryness at | ow tenperature. The recovered
solid was heated in 30 flowi ng air or 2 hours and then switched to
flowi ng ni trogemuesd sbhiord SIRRNSG nmgcﬁ(mgl RadiMiied fubtied ure
had equil i brat egl}I at 400C, the ga?iflow was c%a%ged to%g?ogen an &%ﬁie
sanpl e rsesipie exf ﬂitond@()imthma (1.060g)rabtalied femmBhgelharnds (A5 cind raalbmdr mosin aand

t hen fl beforetrans 00 34,0

box for l@@g‘?@ ‘rtoﬁ'se Tﬁg ‘gﬁ YV%S SlOWchfﬁ?qo gl"i"dsenrgf"ti“e\f’I °§gtdp\?/a‘1§ hﬁ?\&ﬁ d onI y.
undes nlsblidsgwnreanrﬂteslamph)dmgémrfod ¢bourngt MR0°C. pAecealyst (100651 @i vithea gbminal 14

20 Nove 2 t nal conposition of 20% N and
0.5% l\/grggnp?ﬁ%%q' of WC %S%ﬁélg&e&g@%ao aé?sé)([}?eq‘EXANPLE 24 Engel hard fl uori ded

al um na (C500- 196, 1 g) was cal ci nEXAMPI#EMN air at 600C for four hours.

This material, e P(ng S was
slurried |nto a ef)%t %‘% gtsjdri:t al ?%R%&fgalt @hfvgsr %l?i"g%lﬁrh;gt@u ah@?&

met hanol(4. (sod(i)g)gsht)amea bgatrsdnug gunmxﬁﬂuﬁtna itk ﬁﬂ'«‘fav uooabo mhe \werrwsa wllbe(g: @ﬁlﬂ)rdt&ﬁ n
evapqrated to S at,in The r ol i en
o ot shereriie e | e i s e efalrd i Bchgei o by then
t he gas chitafst witsa somihdl betpdsitiol 6§/10% Ra Glgﬂtibndamﬂu:hﬂmlédluﬁe was qui ckI y
vanped to 450C and hel d there as &M% was 10 again switched) this

time to dry hydrogen. The sanple in hydrogen flow at 450C for 1

hour. The gasAphfseuswaktiagel (NH3)RuCheG.0637 g)rvyas Blutried yéith adoinne2rdidh @anyflerpf
cooled. It was determ ned that there was in | ete reduction (sanple was

still blflperided dpaing (30099 £} ehéained frogckngaihard XAMI*H and palcipgddn pip at 60 Canriog t or

t r angporyse.i Phdwaét waaerotm,a& RECLA B &Mdhehﬁ)iéd atlne°c amld)ﬁsd somsswm wefdedrel |
in a beaker and ain. |t was dina flow

e furn
of dry rifhyérgess t{%hﬂc‘@"ast @ﬂétérfﬁ@ @rﬁgg %hﬁf‘?,‘k‘f‘?) °P'é!ﬁ?§é‘ﬂ’“t° 19%5d% onrrhe
gas phaswrioridéd SuhiheWwaedisdisteddr y hydrogen and t he sanpl e was reduced at 450C
for an additional 30 m nutes. The | was cool ed and flushed with
ni trogen overni ght and then seal ed port into an inert atnosphere
gl ove box. Thengelaard\fmbedbdaRimda(Al-49625 10g)tvds ealciasdlin daadica 66009C fad fourd@ars) nsi de

car 2ty stoomioor s LBThaL oA w03 onen (P8 inf S0 bl Riried gV tavp e
25 Engelsohidn bf aobalt dﬁd;da Ihsnrm'utam i@aﬁd th8hesitim gitrated(8.0 gl as penhoten indngthambl  at
600C f Or(}%mﬁ% {]lg Uél'y “ﬁ%l erEBtIgterl l?t 104R tés@?&‘m%ﬁ gvShedteEl & d6 ne s Wl ot?tmcatl

(0.25-0 urrie 0 a sofution contalnrng M€neni um
chl ori dél“Heydcro&&red 4§ sPibwag thenwalointd arflowirg2isy my-am&e@maopuangsoammrm lmum ng

pr ocedure hat ed in. T m n o
conposi 3" on of el@/odég’ W?uyﬁ%)ég?q){'éd%g ﬁnmhﬁ‘gq%%%ﬁgg% %"Jg%%?‘ﬂlo“ 0°C
EngélSharad flieldothérel @sl theel gasiphase (Was -ag 86 3yvitched, ghis ware to alrc hydeagen.n Thé samphgwaly v ai r
at 600C | r h
(0.2S-0 @fcﬁ#&”ﬂ F%gg'gﬁgwgg%@e‘g? lE)O%an I ne‘I#t ﬁgﬁv %g&k}gg{é& g %\Q/%a'gh m?'%é'%)“bal t
was themvaepghsmdducmmbd fmn@nsmgpmptan fneqt Gtrydsplaese de@clropcbéaie BBoveredaaiyst e 16.
The cat 9 MPLE
27°) ngel T s 4R i orTRAR) i 0By oSl AL HEbl B Ul Bl b0
600C forcommedhtbhtr eatalyihhad amgminal mmmasoqqféﬂ%éip@smd elymB@- 80 nesh
(0.23-0.18 mm size. This was sl urg ¢ & solution of ruthenium

chl oride hydrate (3.75 g) in nethano le@é) The slurry was stirred for

| 0 mi nutes 3Calgiapdt ﬁeael@whﬁbnoad@d ajumingy YABES2iltddowes lsashednty 60188 meshover ed
solid r gy ous

ni ckel W% or |l§ﬁ®§iﬁq§dk§lh?oﬁﬁ%§é?#ﬁoﬁ& Jﬁo%&@giﬁgé/g(ﬁ)ﬁhé:g& fg%lral inaOs m nﬁit’ es
and thenn@vaapd\itwstf tmﬁceha}tmgmrbh@l @ em@dmmtyuts yolnte wh dryctaluenenchg n

fl ow ng r g fl ow
was switc d@%sos"hg %/?Dﬁiayggégﬁﬁ gnélghrtr’%gr ?‘fﬁ%gté %gly% y%{agtﬂrr%k‘gﬁq oﬂ?leSOC
and held there as the gas phase was again switched, this tinme to dry
hydrogen. The 5 sanple was reduced in [ydrogen flow at 450C for 1 hour. The
mat erial was cooled and flushed with nitrogen and then bottled and seal ed
for storage inside an inert atnosphere glove box until Fischer-Tropsch
testing could be conpleted. The catal yst had a nom nal conposition of 10%
Ru/ 5% Ni / fl uori ded al um na.



EXAMPLE 28 10' Engel hard fluorided alum na (Al -4352, 10 g) was calcined in
dry air at 600C for four hours. This material was then crushed to 60-80
mesh (0.25-0.18 mn) size. This was slurried into a sol Q0 Navember 2000 a
solution of rutheniumchloride hydrate (3.7S g) and pal |l adi umtetraam ne
chloride (0.25 g) in nmethanol (25 nL). The drying and cal cining procedure

R 1 9 PP s e Wi Rt boced s kP3¢ Rftafd R At BlREREA BB o,

nel t ed aef dislydmgen. th sagipiet was heateditq26007Gsin Joyl hydiagen aIflOQCﬁnﬁﬂw(ﬁn& tied haldGer Q)
was Sti r (ﬁﬁmh@g Og;em?atﬁwl K&Qc&ﬁﬁgﬂl&hé&'&.ﬁ\a&.ﬂﬂg& nbif.ﬂ%%?a?&#ff)r hffrr‘é drliltré]I 3(;,: ll"ltt ion

was t hen urrie a Crus comerclia
(6. 9000 afinospbergighye béx. oFherengudrerbaathlysiwasdatiey anvdredtd fonstomad insideettie glnvabdx at
600Cqpri n he resi ., dri ed
at absoutl%lig%:%ieho gl’l e gg:lrb}'l §\7\:g'lr“5ew8%l '(%l?ene ? B%‘[S?)%’"?i Q émgosﬁ'c()’ﬁrogligﬁd

t hen t r eGe/Buorided alumiinadr ogen for 6 hours at 500C. A catalyst (8.7053 g) with
a nom nal conposition of 30% Co/l % g hyorided alum na was isol ated.
EXAMPLE 30 Co(NO3) ~-6H~0 (14.8148 ted at 75C on a hot plate. An
aqueous sol utAlvha a’haSZSA(HﬂI-B)giFh!I@i@d (9. des@ibed) )in Kixsmple il r wasdlopded ointohan rimgdrt en
cobalt nitra }gcobgl t-r h%#u um sql utign was Ehen sl ganfd with a
crushed 8 ?’& qve YO PP st A detragorakidrsiecprarBayh (M e)s i 3m
Engédiohar din{miim 4mbant dﬂiblﬂéhe\l\laﬂle&&h@l\ﬂedturéd for fabdud 16 Gakutdar dna IthenGeviysotated tve

wat er was_ sl ow, eva or at ed anrg‘ t he r i,due &rled at lab ut 110 bThe dried
sol i ds SY 4 ‘&i‘“@%’ﬁ% f'of eFore ﬁ'?'ssog dvap hsh plpcsd e g PRI dP Sgen
for 6 hohorigormil t&lﬂﬂﬁmaé\e ﬁm@bqs’tﬂl & Bow @B dAryydwigt 'mamplaal'as&%tatmmem inon of

30% Co/ 0, 5% f ded t ed. d
f1 uori delfy éiy?l?uﬁg‘%‘gat( 5{"16 ﬁ‘i“ %‘Haﬂﬁhﬁmﬁ% r'gr‘fﬁsa@fﬁeijnug% F’ryf our
hours. T:htr&geﬁ}ai:ﬂrseﬁlkd msxrahkvm 1060 LAf [igeek dmodpﬁcrsgldvesm ( Phfecéheded cﬂﬁ)ystSWise

Thi s, was rrie 0 a soluy n_cont ai ni, 040 t heni u | or i
nycIrkl o CaHP a7 FeRiRd i vedenatin FREETR bokvat pieins oy b ormpeto e spale
2002 net ixdRGominal Eonfflolitiod BF206k @é/klghaaAie; C al CI ni ng procedure was t hat used in
Exanpl e 20. The catal yst had a nom nal conposition of 10%Ru/1%Pd/fl uori ded
al um na. EXAMPLE 32 Engel hard f| uorBXAMPRE I%i na ( C500-196, 10 g) was

cal cined in drs.y efbafd EAI-@@%Cﬂ&&fdeé Qltnin hogjr»sas it¥riSd TRb &F Lddtiowsst fulRRium
crushed to 60 size. This was slurried into a

sol ut i ontrigkiatidg hﬁdrme (- 117(5 ) avmlﬁ'@hmm@mye*fared@ 133 &) inteethanel (BAMLAhdFipMm this

t et rRAN RenGhivaFd ©E piode ogawédr\vmaehemlo thak Qedhibed JlﬁﬁarﬂﬁwW‘gA@ﬂﬁlly&ahﬁi ni ng
procedure was t hat used in 20. The catal yst had a nom nal

conposi t 4 #mipg campasition. Of%%(?/‘fan‘géﬁlhhédﬂwf@ﬁﬂ ﬁ'ﬁm"EXﬂR/PEE‘eQB 10 Co( NO3) 26H20
(9.8768 g) was nelted at 75C on a hotambet @ A sol ution of

Ru( CH3COCHCOCH3) 3 (0.1971 g in acetonitrile was thoroughlqv? m xed into the
mol t en cobal t Etdeihas noriged alumigs (4352118 @hamsaifined i dry i st 6098 farifopntowg. wi t h

a cr usheghnQdnims maehaﬁqrgyhes &hishkd mmada@kse(m-mm farf) 820019 waklddidEofd om

Engel hard (C500-196 he water was sl owy evaporated and the residue_ dried

at  aout solutior, °°’Fﬁ€'"t8r pebalt hloride hydrate @20 &) Ardy aehyd%ee'qkﬂ chilgride {P-125 gy s
and 15 tReMardol RS Q). WThE shirgea6irk® for dboRtOL) mindtes 20 fhen Bvipdiatli 16 tdrfmkss 0823

g) with a nomnal conposition of 20% Co/0.5% Ru on fluorided al um na was
i sol at edWithouhkeatiee.3 Themerremgddsypelid wrsdhagealgineddn figing dey aj in7stube, fprmace, at
pl ate. Ajspet g ¢ Holirs RRECHHR GRiIIEBItch&l B ABPnifdgen TRE RinPeratuld Wa duickly

thoroughly mxed into the nolten cobalt 20 nitrate. This cobalt-rut hen| um

m xt ur e WEPed 1ATOF and heldithore phthy sesnbasses agrimpritched, thistimg to dox hordregsn. Ty
al umga éaﬂtp@& rgducgdjﬁﬁ‘}é'%genffth ks@el thar hut. ChdQaatsiil wasTﬁgleWﬂusH@ﬁw@{ oWy

evapor ated ‘and the resi dried at about | 10C. The dried solids were

cal ci nedniffogengodtiien seglad fpriyansporidute an iar atmosphereraleye bax-wHhereqpyeredbepialyst ¥as 16
hours at bo‘iﬁaﬁnd%eﬁéé Rk yt%ltagt( indile the fiove Eomnn.hpecuapmogxk e E@)aﬁ.mt Be%mgfetea()%
Co10. 25% Ru on fluorid al um na was isol ated 35 Co( N03) 26H20
(9.8768 &he %@éyshqutaerwnmal poyapositionofi29be @/é%é‘h/ﬂvmn@debmat nmelt was then
slurried with a crushed comercial sanple of fluorided al um na (8.0000 Q)
obt ai ned from Engel hard (C500-196). The water was slowy evaporated and the
residue dried at about 110C. The dried solids were calcined at S60C in air
for 5 hours and then treated with hydrqgen for 16 hours at 500C. 30 A

catal yst (10.0S5 g) with a nom nal conposition of 20% Co on fl uori ded

al um na was isol ated. EXAMPLE 36 Engel hard fluorided alum na (Al -4352) 1 g)
was calcined in dry air at 600C for four hours. This material was then
crushed to 60-80 nmesh (0.25-0.18 mm) size. This was slurried into a

sol ution containing rutheniumchloride hydrate 0.40 g) in nmethanol (10 nlL).
The slurry was stlrred for about 17 20 hbvenber 2002 10 nlnutes and then

o o o o, o 1. . 4 - o o o o "




into an inert atnosphere glove box and then slurried into a sol ution of

t et racobal t dodecacar bonyl (0.50 g) in a m ni rum anount of toluene. The
slurry was stirred for about 10 minutes and then 5 evalfbNav@ubdar@002yness
usi ng a vacuum punp. The recovered dry solid was then placed in a quartz
boat 'in a horizontal tube furnace equipped wth a flow of dry hydrogen. The
sanpl e was heated to 200C in dry M&zﬁt 10Cd min and then held for 30

m ns. The megeri .l d i ol N OMaLNI ght,, and
bottled and Eﬁ%’@g %ﬁd@%ﬂ@%@(ﬁlﬁgﬁggFm%a%%dEﬂoé(&(é%t% '?(R)Flssfocrh b HPESpsch
t est i ngSamsdfdhis materiald|l @) wap. crifshed toH0H0yuesh {625-Gil dwom) siad. Thinwossldriiedings a

19%4u1209 I A i j e. Al B3 .

or epar e aion saRLHE bhenlHOP Byarked 04 m) e ARG RORR G b ).

gl ovie bioxmethpmot HOmIY| (Fhe isunty iwes stimedsfor abdub A0 minvtegiand thgn revapoertédutn djplesy | de
hydr at [ m@ltggl : : ; L re t 10
m nut eg‘vgrg)gégﬁg)ﬁg'e%%%r ate d#)sog}?%r%)smscn}g&ﬁgé ﬁ%ﬂ%‘vlﬁ%gﬁﬂg& aﬁqgé ﬁ%"(‘:%ggérjed
dry sol 158°Gar twinhoureaiddhenseoledy Thiesavple was lpftin flowing air ovepmigititheretbe gast flo50C

for on ) . €y ' o) S re

gl ove E\S%Osyrl\ﬁhﬁkgrd?’f %‘g gﬁ\‘t E)Il hgltcs I uﬁr %ﬁ%@g@fﬁg@gﬁ ?E%%ﬁ‘%&?%ﬁﬁ@%_ SO
g) in aeawphisaves agairuswitchdd, thsl timate dryThydragemr Fhe samplesyas radgeedfin hydrhgant flop0

m “Hi €Sq¢ Q?&cﬁ%ﬁp R&@.t (me (tnﬂer(fUl WiESodiedIhd ﬂhﬁey Qfth! HWOQ{#\U g u}ﬁ Sedl&d18Y @in%%orpr y

sol1d was placed in a quartz boat in a horizontal urnace equil pped
Wi th a ihtocw indrt gt@osphyreigioge beje rilhe Tenoveredhgaitalystures botttedadd sealed FOGtoragedingide

hydr og n, [qllt G f 1 he Lal d,
flus heg'ﬂsmi %églr%‘ ni rﬁ;s&g%drrgtﬁgpﬁ%?éﬁ gﬁllgnr?glggglyegg f'gié]éaé%#%glg\é/?%snﬁ g‘gafhe
gl ove besmpaositiod of H0%cRw 1% Pd/flverided alugtiniang coul d be conpl et ed. The cat al yst

had a nomi nal conposition of |% Ry20%Gebpl pha- Al F3. EXAMPLE 38 25 A
second sanple of 10 g al pha Al F3 \A‘/z%@é@ﬁﬁred into a solution of

t et¥acobal t dBessthardfiusodsd alynsino@ 353,10 8) wasraleined dmdm air ab600PQ [ferdper lond: was
treat ed&ﬁ%@&f‘tﬁ){ mtaaﬁﬁls(@‘ @cnﬁﬁ@JﬁB'@-Bﬂm@P@(ﬁuG.(%ﬁRk t'ﬂ'ﬁs SASucitd I?:]f’ocae was
roug e re a

cl osed thr out t duction process). The catalyst had a nom nal
conposi fofugian spnt2ining Coball ghlesidahydyate K02l rd Iglisiiunrtetraamine dhiptideoGA28@) &1 uni na
(G500~ 18Gnanbt S 19RlaryiftethdicRchling fbdeddt WAOat £54 il BHmpOM. SThe

material wWas l?l)t?e&élﬁcr u_shg’jcli 0 50-080%@%6 (0.25-0.18 Frrr) size. Tl}es v(h/gys?t

sl urri epdiamomingl eamnesitiernof 28 G/ e Rg/fuprided glumigac hi ori de hydrate (0.40 g) in
metgganol ( 10 nmL). The slurry was gtAnpeglod or about 10 m nutes and then
evaporated to dryness without heating. The recovered dry solid was calcined
in flowing dAlpmina (YGT K52, 18 e} wahheatedain fuspefomp {Cldkm favore hauseat f00°Grigt eri al
was | oagded. into.an inert 18 venber 2002 atrnosphere gl ove box and

t hen s?@f%“%‘a 1 r’ﬁrﬁg"éa.t?gf‘ivﬁsictgﬂecgega% tf’%%(g'obal t dodecacar bonyl (0.50 g) in a '
m ni mum anoudCl fidorided alemima (5Tg)evad siyiried iram al sdationiof nnigen urochatide dydvae (1.bg) used

in Exanpl e 37, | yst had_a. nomi nal i tian.of 1% 0%
Col 1 uoimediEng) (gﬁ{e“ﬂr;%%@%ﬁég‘ﬂ%%gﬁ% ok §AP R st dgﬁg%ﬁ‘%‘ﬁ?ﬁgjf%“c%&&s&ga, 1

g) MBS ledlagiondithl coinpdkivioradfi10%d RBMICidedatuhinar hours. This material was then

crushed to 60-80 nesh (0.25-0.18 E‘%“\%E éEE%This was slurried into a

solution of tetracobal tdodecacarb ; g) in a mninum anmount of

t ol uene. TheEaelbariy AdA852) Auarided alymiaqde guwas shaded inmta sohridn ioh nickel Rplodds 7.
The catal yst ,had a. nom nal cogpositio % .Col fl uorided al ym na., 10
Exanpr £ 4 REa D B @330 T helpael (5 Y TS sl e gruush ST 96
cobal t roahinuis®and then eedporatel! @6l diphésh atlosr temp@ahure rThe redotdreds solid| veastieated ior | ded
al uy na, (4. 0000 q),0btained from Engel.hard .(Al-4352 ich was cal cined at
2000 baptine pea HscoRy Zhar s b SRl A han e A I Enet o et
80C. Th4noelT. S\thes dleiteifperdture hadbdqullibetkdatt 400°Ehp @is fidwwischimpeditd hydadgeh atdhe

t enperat ure s 15 350C _The .cal cinati on was t.hen .continu fo . our
and t hefi® ngﬁcdt'%?dr“bg?% ?X?‘Fglel}"é{f' uJPée. saV‘P{g% °??1l%nmt'\yg@§°é'aa'\%gheé‘ fﬁ‘ﬁg"édls‘f't nace
as fol | sibgen(beford trvgpbrethtd o nitd@én filtedAtlovietbok doroaotiedlidn.aMte kithple Wa3 qhifecair
reacti on gas s switeched to, H2, and the cat st.was reduced at 450C for 8
our s vieesog Hd 3t A oaly g st i saRks ol BrnEiret RO Rt BRERE s
cooled to roomtenperature in hydrogen. A catalyst (10.055 ) with a nom nal
conposition of 20% Co on fluorided alum na was isol ated. 20 EXAMPLE 42

Co(NO3) 26H20 (4.9384 g) was nelted at 145C on a hot plate. Ru(NO~103)3
(0.0"159 g)




was di ssolved in a mnimum anount of water. This cobalt nelt and the

rut henium salt solution were m xed and the m xture was then slurried with a
crushed conmercial sanple of fluorided al um na (3.99SE&Novamber AR f r om
Engel hard (A -4352) which was cal cined at 550C before use. The water 25 was
evaporated and the residue dried at about 80C. The dri ed solids were

cal ci nehoRt Dogtbyft i Mitfifiall RimBbsliioi'Yr Jovd NP ahPUBEY By tnCrulited mBiina WS

cal ci nat1 on was en contl nue our and t n cooled to room
terrperatlmlvéed It was then treated in a tube furnace as follows: (1) heated
to 100C in Ar to remove OZ and H20pxWhitprigw reaction gas was switched to H2
and the catal yst was reduced at 450CTor IZ hours with a heating rate of
0.2/ mn; (3) Eagelbard fluetided plyminat(GE00sk9pl é)wsia@@cd:mr}edlrﬁtﬁqo%fmfmb@ﬁat ure

0y 4 by Sl i B 1060 30, EREVASR R il

(4.9384 cgyttamals aebalt eldoride hyduatedd.5z) o mefianeld(10 pé& 20 The Gluog 5easgstirmedh for dibawt ol ved

inam o o | C e

ol it 1 o Bl B g eysbBh. o WolyBs” Gk 1ol 204 fpeld by 4G4 ot hen
slurri ectalmmmuaﬂwmﬁmweromp Surpdce 9L H9FE farftwp howrs, |th|@dh€sa&rﬁqwaw1(s3wygt@9 9)
obt ai ne Egm e : [ r e RS e.
The wat celcr’]:i g%gpgyﬁ{egl {fk%ﬁ%}"rc lé\{&%ee«gﬁ |4?edgb(e\1dtna§lg183{le 5550&} ?g lml;‘rél‘lé!%
sol il@s eguie swiithed thid time to defdlys@getm Fhetsample vgsredyged in lwﬁ@g@reﬂ?)é pet50te fagas

350C. Thg,al %@aga% ?ﬂasmst%@ﬂ SARhddHe bryf m&o%n%mwmemptehédmeqooit e\%s; 0

roomtenperature was then treated in"a t furnace as f

heat ed tdstetr@ioed thet there wes incomplete reductioni(spmple wapstilt e gt epe endnd thefurnggs Hoat).
swi t chedpl.q, dé%ﬁggez /sp«'ﬁedcﬁl: Sdrt WRSan’ R Glﬂ{isﬁferedgﬁ% H(er The Ry %:Mhﬁﬂd a

heating rat after reduction, anpl e was cooled to room
t enper atwalldn arbetipransguased m @ fumiage; boat agans gkt wey PquH“a flovnefriay nigregrpadiilei on
of 33% l‘%ﬂé terp R Qulokly ey th #03¢T Bt ¥R Dhhst e bRRohod AFF nfarbh U !

Pr oduct |svmplyMap hedue@hbard58iCofon amadditiongb 3 @minuysq TThp anateriah was eopdedgmd fiyshrd/ kapp

a- AIF34 lS or transport into a ere V

T80, bos rupuliagh St A Breliebaled fo RS s S A B R BN 7% 0. o
TABLE 2 re@gg@;i E*talyquv%og‘eg endpaaled for storage inside the glove box until Fischer-Tropsch
Product i pvdeh, éluw@@cla AAFROR TP Q- iR PraP SR HoBiaibRoNobAE B ided hidmRa 1 030%C0
| Al E31590. 8 0. 951110%u} A1203(F) 321 0. 811 0. 931230% o/ A1203( F) 87. 90. 81/ 0. 921
310%Ru1A1203(F) 171 0. 881 0. 9914109%RuUEXAMPIEZS3| 60. 86/ 0. 9b1520%C0/ A1203( F) ( My)
230. 811 0. 85165Q%6R4 feRiRE Eﬂ.lch&ﬁ) 28, 1| gPRasNQNRRIRI drg @ 4t 600°C for four hours.

No. Cat al yst C11+ productivit a1720°/£o/ al pha- A1F31580. 851 0. 93(

B3 00w SIS T B PED TP FSDATRG0 € £8P AR R3O TR Pa: S P& Bepdeipnos | /
AL203( F)&E’Q%%%SQ&.%A.@&&@%Q@M%&%( (53198) .anaﬂanzetﬁ 2 2R Ryinplea@ 26IENRGSO. 86
| 0. 9423209\ / Al 203 60. 92420%Col Ai 203&

~290. 81 (PrePEIUIE 0¥4 A12€P§( i) Exaserlads 6 Sweeatalyss dad 73 nenvinab eompeiiian Qoafra12~3
(F) 368 7RdfidBPAAAYRU/ A1203( FXPd) 5190. 92930%C0/ | %4Ru/ A1203( F) 3440. 893030%C
ol 0. S%Rul Al 203(F) 3160. 893110%1A1Mé66, 0. 92321%u/ A1203( F) ( Pd) S3. 70
. 863320%Co/ 0. 59%Ru/ A1203( F) 17S0. 873 5%Ru1A1203( F) 1730. 873

S2QUCo/ Al 203(£) 0 o SR IR0 IER M utlina Q{12 32 216 (ﬁgﬁ«%s??@c%@/lh?ﬁmn@ldWﬂr ALF322
. 80. 761 0, 8838200l al pha- Ai F329SQ.933920%Col / Al o)éd’)‘

10. 89402099 for fouy hoyry- Y Bripmatorial xashsp m*z‘vé(tﬁ%%e@l@iéﬁo ) simRnd jerdd3( F) 3
670. 8943 Q% Ghekt AiBphéd 2034 Ec}x"'&%algglagﬂaen d&fdsitia \GRIRTs sefioR (8 Pedks Abscribed

Procedure For Continuous Tests The catal yst testloéfc‘; unit was conposed of a
syngds fia&gampledenfhesatalysihad p npmigalcgmposifiancf 20044 idedglumigs. and col d

traps, back pressure regul ators, apsANtpEE2pas chromat ographs (one on-1ine
and two off Iine?. 5 The carbon nonoxide was purified before being fed to
t he react or okngetharddhogided plpming (Ad-4332, 10 g) was caicined in dry air at 600°C for four hours.

This material was then crushed to 60-80 mesh (0.25-0.18 mm) size. This was slurried into a solution
of ruthenium chloride hydrate (3.75 g) in methanol (25 mL). The slurry was stirred for 10 minutes

35  and then evaporated to dryness without heating. The recovered solid was re-slurried into a solution
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al um na catalyst placed in a trap to renove any iron carbonyls present. The
i ndi vidual gases or m xtures of the gases were mxed in_a 300 nL vessel
filled with glass beads before entering the supply marRPANvempeR} (Rg t he
reactor. The reactor was nade of 318 in. ~ (0.95 cm OD. by 1/4 in. (0.63
cnm) LD. stainless steel 10 tubing. The length of the reactor tubing was 14
in. (35.6 cm. The actual length of the catalyst bed was 10 in. (25.4 cm
wi th 2 iofi aniydrons migkelo¢hlorle Id.25a} lin rathanagl (250Lhayd gtireadsfobdaasnmschngltass wool
at the ig e r r de of
75 nL pre s{ﬁ%qu %\Jse:lgmwﬁ%?e\g/aﬁé%ﬂ was\%ggig%étfﬁg;g\%%% V\'/L‘EIP'(‘3 e col d
traps vvéﬁ@’csfet tvget hO@G. them the gas fow wap, M‘@%‘W nifrogens The tqymealmrewﬂ# plidkbived by
15 110 cohdly %mmwakkﬂmeé&mﬂsxm bokifRed HACHG {M&%ég'aﬁ ffAact or

flowed t one wax and one cold trap I'n seri es. oW h mat eri al

F
bal afice spenl¢ Iﬂds redyced fndiydegen flasy & 4p9°4fer Lhqug Thermaaterigl wesrogled enct fhshesiwily set

in paralfeg) gen lofid %ﬂdaﬁueﬁk}a mazadt foﬁ&&:ré‘g@':kﬂ&é 88l iRerh G@MO¥pHINA BC@erPme?f oduct
di stributi (usual bet ween above) while the cold s col |l ected

a |ight @rscwéfrmfawaﬁswsm%%@ﬂm‘e&dr |TB&P?‘%JYF‘ hisa pamigal sepméﬁneé mBus%0) .

Wat er, qifBbided RluRGtact of the Fischer-Tropsch 20 process was collected in
bot h the traps. Ceneral Analytical_Procedure The uncondensed gaseous
products fromthe reactors were anwéﬁééi ng a comon on-line HP Refinery

Gas (gnal yzer goddipardbdried Muha (ANAISEZRYg) Was cAAGEdRP 8 2K o bOd°morthﬂrH2‘iﬁtls
conductivity detectors and neasured the concentrations of CO. H2, N2, 02,

CHa, C2 This natprinbwag thenrushed 10 6080 mesh{0:25-0Hmmbties. This Waselugricd dnta @ selugion

react or opfaslyl Sdidtion GFQutREMMY SHiISridel 1 d1aRAB175 8f addANLMMMm Ridarkiné GhlbdiRN6.25B) €
separated i nt 0 an ueou and an _qr.gani c phase The, o0 ni c g’hﬂe from t he
|"r13 Fga‘ﬂp 2

hot tr ap® etk matan eniBERrcsAUre Yrag thatused, le afiellysh) i d
product hw&namﬁmbmp@monocmbumw FdAliorided Anenind. © anal ysis. The organic

phase fromthe cold trap was usual ig at roomtenperature and was
anall§zed as obtai ned. The aqueous fromthe two traps was conbi ned

and anal yzed do@tOph a0 Q4813 @ tvie imeft¥d/ FET30C @8 a hbypla@f AN hdiRoBaslution of
chromat ographs equi pped with flane ionization detectors were used for the

anal ysi §N53)6Rh@3dﬁg%ﬁ 8 van dtingguintouthe phliescoobalonitratet @hlsfcpbﬂi&mﬁeﬂlmmlam col d
traps. Cat Test.ing Procedure be t xed
w s el iy Derieed B ey Ruror theridl sip(qsa) Siovtieg Rkt

beads En@lliﬁd |(m-43(53}3 which rv)asl alvidedrin rae-a:tt@m@\@ao:f tor ade. | 'ﬁlmzlwdtemh sB@ly30

Q? 5 fva@ﬁsa?eﬁ K n tt e r |d[u e rdegtg %( QKI(ﬁ W{R acﬁ &ollugev%jrg ca c18e at ?5098 C(“lp y 2
t hen | od@ddduandd chem trpataﬂwnlﬂhydmge( ﬂﬁ 6hogmpt iﬂD°(I he catelastt(lhﬂOSB@r)a githa nﬁna\al

2 filled th 251 30
rean (< ppigiedy of Ao BTk Rl od LGy FRBRR MFRECCP 20PCT Ly %l bgged wi ih

glass wool. 5 Catal yst activati on BEAMPLESB8quently carried out using the

foll ow ng praocedure. The reactor heated to 120C under nitrogen fl ow
(100 ce/ m n &e@NQD288RQ (448 Bbx7y § maltedoi 7RI OB bt Befeni AR adPREss SEREELA vas

ot 27 s Ry RpCRB 1 5 wal BRRA AL b Qb it MK Bl Hhuristh Yokl ¢ k
ni 5 :n _ogemvgg ngymmbgeﬂm al hﬁsg)lg&)a@ﬁxﬁérciﬂ??;r\z&&ifﬂﬁorzu&d gur?hﬁf(g@gg%%fdb%uegr Tt

(r:gact or Q% Jg;s%l éfF "?%Cf@ﬁ’ﬂﬁgé? alrhtgsge?oiq)ﬁﬂ?'tf oS- £ e ¥Rl ¥as, sﬂ%‘(’r s for
cat ?I KZ Evdpglgt(bﬂ';dnd nhe ﬁtsldhﬂ drlﬁhﬁit ﬂfgn$ hm;r: g(ri[ltetdrﬁdn spldsi vadde cilbﬁoieJ htowazfg'ct)rur .
Cusual | 9539 pe tn oS e ok § BT 10 & s O s o wh

pr e38ur eompudition of H% Co/0i5keRWasiluctided dld@niha @as sadaper at ure. Syngas) with a 2:1
H2/ CO ratio was then fed to the rgMn reaction 15 conditions were

reached. The first material bal an started at about four hours
after the st @ngellekd flieidedaiahing (C500-1961 leg) ivak cdicihadia drym'rat 601)°Cafatfeﬂ Hoors.

bet ween_16 24 hours r Ian eH

ol oo Th atfer e 40 e B B Sy eI e
CoNpPosi comiinihg V40 trthedin cohilapids | lydares aaf pﬂt{aﬂﬁﬁﬂ&bﬁﬂﬁn@r@&iﬁde PO2SHS in
collected in the wax and cold traps, and reaction 20 conditions such as
tenperature and pressure. The informatjon collected was then analyzed to
get a total as well as individual carbon, hydrogen and oxygen nateri al

bal ances. Fromthis information, CO Conversion (%, Selectivity/A pha plot
for all (A to C40) of the hydrocarbon products, C5+ Productivity (g/hr/kg
cat)) weight percent CH4 in hydrocarbon products (% and other desired
reactor outputs were calculated. 25 The results obtained fromthe
contlnuous flow Flscher Tropsch catalyst testlng unlt |s shown |n Table 3
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The catal yst was prepared in the same manner as that of Exanple 4. EXAMPLE
46 (~3)6RuCt3 (3.05 g) and ALCL36H20 (25.9 g) were added to a |l arge Teflon
5 (pol ytetrafluoroethyl ene} beaker in a dry box. H20 (29Neyemhga20@ded to
t he beaker and the solids were stirred until a solution was obtained. HF
(30 m) was added with stirring to the solution. The solution was then

evapor at adthot (I VAES sm a@mgtaha Eallélﬁin I@&M&ﬁﬁ@seﬂ% Eﬁaﬁnm@i@ PRALEY st N
argon for 3 hours at cataléd/ (9.698 g) with a nom nal conposition

of 10%!1933@9%@69@%&%@“%% Hyorided plumBRsRICL3 (3. 05 g) and

(NH3) 4Pt C12H20 (0.3600 g) were addegxh®paEl I ge Teflon

(polytetrafl uoroeth Ien“%?ﬁbeaker in a dr i/ box. 30 nL} was added to the
0g) \gaércelcrns

beaker arid tKa caluming (@P0(1R6,i indey aihatafQ9eQ foryur
grounsl ahgha- ﬁhE %a(egiaﬁ\dgoth&) critéhed m thé3h (4185- @ﬁﬁllﬁﬁlﬁ sitd, tThisSivhd srllirflgd infd £
slurry was evaporated to dryness with stirring. The recovered ds were

heated i f@ atrtwﬁmﬁernsd’ 4og ruthepumahincide hydeate ar%llactugn tegaamyne chilaride £0.0%58) dml
conposi t Rihafdl 6%}%@&&.@ ad@wmng\a%aedaeswmﬂdt atdn ERVERE R LeaAD

al pha- Al F3 (9. q aqueous slurry_ | (pol yt et rafl uoroet hyl ene)
beaker V\b%d‘h’éﬂﬂ'éﬂla &°@Eﬂsmqné’ﬁI%fR"(%{MS/)“EWSa'C‘W"QSBS g) in water. The slurry
was evaporated to dryness with stirgkagprLEw dried catal yst was treated
with hydrogen for 4 hours at 400C to obtaia a catalyst with a 20 noni nal
conpHli ti on ofo(NPa)zsHeOH BB HG8m WEXAWF’E‘E a8 975¢6 (MO 3F) heHphte 9. 67?°l§t}°ﬂaﬁ€i

AgNO3 (0 SO Tef. raf.lu ker .
vert m cRAGHAGHERCHRE SR oiacrodSHfe +al B hY M Dtk b e cob6C

Stirringpigdfee Phiy rcwarmawﬁmpﬂm@dvag %e‘ilrém}ﬁ&ﬁ\d% taheriidhbd umerca{h ?an{;ﬁ‘& grered
solids were heated 25 hydr ogen faor hours at 400C. A cat aw%/st (9. 218 g)

with a nBneridsd a’(&'ﬁﬁ'ﬂfd%???%&? %Pl@é%@@&%%@ﬂ%%@ﬂhﬂsﬁ&@ww@

EXAMPLE 34 hb eesﬁaa&réarmsam eooes 'Iﬂéaﬁédl seﬁ& wae Eerarealaes&oma.i Rk IsQWJ ar.as' ng
Co( NO3) 26H20 (9.8765 g) ?and é % The recovered dried

sol i 5" whew treatedywithihydrogsy derd éﬂurf etrSOQé? Mﬁsﬂrss(lg Zor) (With 4 neming| Spmpogitions3 ()
with a nemmat.RSsPRE b Hedtdel AR Gal RYaRY/ ALF3 was isolated. 24 20
Novenber 2002 EXAMPLE 51 An aqueous solution of (NH3)6RuC 6 (3.0637 g) was
slurried with a crushed comerci al M fluorided al um na (9.0000 g)
whi ch was obt gy, Y J6RINOFER98Y OwiAhietdP 2l Bod Wi hRoVaBCat gi air
at 500C before ﬁ?egEThe wgtggr&\r\ag/gs sl owl y evaporated ';l%\é\@t&he r‘gsrwd?ﬁgndr’r ed
at 5 110®u(CH3€QstrH@Qpr)I3|(@S)%\ﬁg)emtzrcaamede iwas ithotouglje mmikal inb theundlteatcoddlOC. A
catal yst (9.887 wi th''a nom nal conpositiqgn of 10% Ru on fl uorided

al uni(i‘/l jirate; SB@'&F@'EF“"'F&BE‘E‘“B‘“EP&W"%I‘&f"(%ﬂrﬁ?‘%lglfth a crushed commercial sample of
Conv. al phabeael alkshdhfh O Y8Y Q%ﬁn@&Fﬁﬁ&n@&h&@iﬁ@-l%%@e@{éﬁmmwQfv%&l-até& 862
051 0. 94610%Ru/ ALF3 AI Cl 3)68. 70. 841961 4. 64710%Ru/ al pha- Al F3(Pt) 27. 10. 944, 934
. 24810%CHI%h Fraidug dries et gbous s K5C7 The duisssobigsoress m\%neAraF:’e@A%)mef Showgant 3 45
O20‘VCO/ 2%@1‘&9&1&3&@\ mﬂ%’éﬁ $or88 hots & 50@@@6&?@@055?% vth Q. n%@nn%%p’ésrﬁm\lo

Wiile a pref erred _enbodi nent of the present 1nvention has been shown and
descri beth20% Co0i25%aRn optugrideddlgming s iselatedit i ons can be made to the
prefggred enbodi nent without departgraMpremst he scope of, and which are
equi val ent to) the present invention. For exanple, the structure and

conposi tion ofofi&)z0/@i876he) wrs malied ot BAC ana hohplatg Jbeﬂb%ttfe?iéwasathﬂbe

vari ed. The et e, di scl osur dacu
publ i cat plaiied w crrr{?'eacf T g?‘ief?{mg?r%'a {%Cghﬂ%ﬁa{l 8@' (gg‘ﬁ(’@rﬁiﬂ%“? ‘f'?‘r P$°?h
entir et y(C300396PaTinivatbp plas elatvlyOdWaﬁmited Mel the resittub idried] atRibsathi0°q.r qpe dHed

0. 5. Pat SR s bsods Moigjor eyt AR BRR ey bt iyt tecEn

Cat a3@/st 4 cdvatylat (P0.0SDE)Ewish a fhidnhifd cMipbsihQn ofLAPOCo o ﬂudrmmmharveﬁsaated ef erence

intheir entirety. The foregoi ng det.gi q, scription and exanpl es have
been given for clarity of understan nly. No unnecessary limtations

are to be undEhgdllﬁﬁdﬂﬁMe&fal’uﬁﬁlﬁa (Rina3520V g)rivasovalciried ROdry lair it 60BEC 6 folichomsact
details

art i 11 TR AR Ll e () 0 Gih 5P Ty PR s B o Spblibor

2002 containing ruthenium chloride hydrate 0.40 g) in methanol (10 mL). The slurry was stirred for about
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CLAIM5S 1. A process for producing hydrocarbons, conprising cont acti ng a
feed stream conpri si ng hydrogen and carbon nonoxide with a catal in a
reaction zone , said catalyst conprising at |east one2QNoxember20 taI for
Fi scher-Tropsch reactions and a support selected fromthe group consisting
of an alum num fluoride and fluorided alum nas. 2. The process of Claiml
wher ei ny¢ hﬂlufbataﬂﬂ \thénCevaRdritéd to'Sanﬂ adhbut OHeBtinEEt The $QRoAFEE dryl Solith Wakether oup

consi st nq iron, .cohalt and {out heni um_ 2 3. The process of Claim

2 wher efdlf ’E‘H‘é“ ﬂa‘f"&SW‘d”%f‘%kF ﬁfrgﬂcaet PRYUstor gRfchone The dewmaterial yas themleaded gr oup

consi st infQard inekt GhRdspheré glokebox @ACAhEUSIEEBA iTd aaDMtiBh ¥F wixe&)bhl&ﬁﬂs&i:arb&ﬁd the
feed gas stream cont ai ns h}/dg en an carbon npnoxide in nmol ar rati o of

about 2¢0-3 &) An appjgimypm, amonnt gt tofyene. \1he §lry ayas stipred @ét“ﬁ‘l"&’tlioc!mﬁ'ﬁt’%ﬁ“di then 1 on

and § hecvapérek e&%d@ﬂd’s@&ﬂhglﬂﬂioahrﬂ%u&iﬂdﬂ'ﬁ@%oﬁm GREIRNWADREX pE&ed iR afquaRl ar
ratio o{lﬁ abou rocess of Eﬂ im2 wherein the support is an

al uni nupgat P%*"?'ﬂ@“tflrﬁ% f“g‘aiﬁ"?qﬂ’& 99 yith,p fAw of dphydrqesn. AThessample washsatsd it i on
of al ]E)lhmoﬂd: g&gi@ H?ilrbﬁ\&t AP Efnin fnd tﬁdae‘emrf&gmggixaf THd rﬂdt%ﬂa?wﬂl'kg{)o/&?{‘ﬂﬁsh&i &mgpor t
is a orided al um na anln m 0 t o fl uorine by
wei ght AP oveHARAehng ROttt andiseaed BE e psida g e besanc Fischar Typraeh

wher ei neekth &ardaieysdmmaedprvmmysf h&dh RomiaP cotdpoiiiion EUIYRWZ0VECH/ Arided. The
process of Claim2 wherein the catalyst is prepared froma nolten netal

sal 10 ogalumiga. process of Claim1 wherein the support is a fluorided al unina
prepared by treating an alum na wg¥aNpPups? licic acid. -26 20 Novenber
2002 10. The process O{f i aiml V\here‘jgn léhe Sﬁgort Is a fluorided alum na
prepared by éﬁ%atnhmj Alf3 '@Mmaw'taﬁ sqribesh it Fxpmeled| ey lasded: i & ninsry
conpoun I | ing a
F ool sl %mo} crc%pd%, 98)?&% a(e slumeg‘?rgﬁ %%&&%@L g%gem&? H.c?erg gf;',@ 46‘“g§1
reacti om mdh@otiﬂoanlt)eriﬂ@lsmwas spm’s@u pleouty h@] mispites eand ghencavaporaséd tocdriynass t o
progyice n .

Conpy Sy g hesohl i ESARORTRI Sl e CIREREE Alime 38 fe B Bl Blrnacee )
support lSOéC dot et kquomTihi arsgmeterial cuns shent loadgdgifitogan ik retmaspheré glove dex and
FLuor T dagtefh Wl R3S oihor FAERAREES SRl (O30T b WISHGH Inbllf of B nfic ! 2
is at |east one neta ecte rom t group consisting of 1ron, co al 't

ni ckel , shamyl wagitstimed famaba 10 kioutesr andesyspasdted ko dryngss mraemuvneplmm aMheic
met al '&c@\{ﬁréd Loli@Rfas BREA m%Slxﬁﬁtb%gt i q\m&mu wbgmﬁn&g%glgﬁsamthoi aGQRal t.

ni ckel enl um and tures er eof gas stream

cor®i ndry demgen The gemple s bagserbsa 200°C rin Arybydregenaati WoSmine and held fon 4.
The progesguRt. ?‘L@MQeM W RE&L) ﬂhﬁ‘n@d Qv?th %Wﬁxkrﬁgéﬁeliﬁ bdt@ed'a‘hﬁ ReAOfo} %ra@@ ed

gas stream contal ns drogen and carbon ronoxfdé In nolar ratio about

0. 67: 1. ingige thprglovsrhex @5%1 Kigchert Tgppsehy testipgecpwld rbetcﬁ@PkMSp(ﬂ‘? c#tslyadlaélamrwh

fluorid ) A 1 F3, beta-A 1 F3 or a conbination of

al pha- A&'ﬁ&g&mﬁglb/g%{gﬁbd/ Ob/a?hglmgl:f}he pr ocess of claim 12 wherein the

support is a fluorided al um na corB)adLMPm rom 0.001%to about 10% fl uorine

by I ght based on the t he, su re. The process of .cl ai 12
eﬁi n the Cat¥FRs 7oP ar@cﬁ f PighA a érow\‘}%ll éW""ﬁet‘&P p?eéﬂ‘“gﬁ? 8.

The pr 0&F§c%b9 fdofdcalamMohst (%@ Eih 2 nfiflBumAhRUNE difen? biPREsSfbalel @Rty HRIshs

net al

as Example 17 above, (except the tube furnace was closed throughout the reduction process). The
catalyst had a nominal composition of 20% Co/alpha-AlF3.
EXAMPLE 39
30 Engelhard fluorided alumina (C500-196, 1 g) was calcined in dry air at 600°C for four hours.
This material was then crushed to 60-80 mesh (0.25-0.18 mm) size. This was slurried into a solution
containing ruthenium chloride hydrate (0.40 g) in methanol (10 mL). The slurry was stirred for about
10 minutes and then evaporated to dryness without heating. The recovered dry solid was calcined in

flowing dry air in a tube furnace at 150°C for one hour. The dry material was loaded into an inert
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20 Novenber 2002 19. The process of claim 1l wherein the support is a

fluorided alum na prepared by treating an alumna with fluosilicic acid.

20. The process of claim 11 wherein the support is a 20 Navember 2002ni na

prepared by treating an alum na with a vaporizable fluorine-containing

conpound. -28 . A A& AAR A?. A

W$§L8A] ;E&Zhosgﬁere ?{o'i/e Bbx tnd e slurtied irflo aAolitidh bf tirAAbal@BFecArtOnyd (056 gfin’k AG@. A
q

) O~xsni dnm}%pr&%f]telamaFb%lfrmawberéﬂ'%naqre@}leaw@a}lw%}r@qa@apéa] & ca] ca

] ca] ca] caalafatilad aln6Rinsdompdsicilof Plramidhred/addridednibding $) :

kf - U} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] Mca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

L[ 150! d&&( - -Rrigelhdtd fibearaiv sdm% ai mhaa&m]dgadlfsakﬁ@m@a foid fomdscal cal
caj caU] ca] ca] ca] ca] cal ca] c&c%] calc ca ca] cal.cal] ca] ca] ca! d44' 55H6668
8} 999; 80 mes mm sizé. This was shutried into a solution

DuDDE] E}aﬁéuadab%]m&aeab 1 @0 lie ahﬁﬁ}rﬁa] &.&Juma&mhe&l CRYe % lcalc

a] ca] ca] cal ca ca cal cal ca FKFt GHI KFL R
o B b Eooplf) Coho WP o] oo T o
W] cal oauﬂlml]de@glm]@a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cajc
ajc a ] XvXXXX YYYZZZZP[[[][[\ x\ A A&  |wlf [UN

Ul c?ﬂﬂlj ca] cal] caU] cal] ca] ca] cal ca#gé@gglﬂ] cal] cal] cal] cal] ca] cal] cal] cal
cal] ca] cal] cajggrO}p %ﬂjpﬂd]%m gl ved3 anelted at 75°C on a hot plate. This cobalt melt was then
UcralUca &6 <A a aaaa bbbcdeKdUddeseoiJ 1,380(9th ni c] W~

Ul U] cal]shatifdowith ¢ erjrshad faerndreiall spoplefof Bparidad alu \d) obtajperhitine Engqﬂarsq cal.ca

cal c a
ﬂ c"aJ]hh h{%: hehhhy Hhh< HP]Q &EEIKF@I %nn;&\fgoﬂ%‘%g vaaac?w\l/\ero%edfn theU]s'du dn] cajc”a
] ca] ca] ceplecatt §%°ch]he 'Pfh]%ldé] var calgined Ml et Bnutd nironficdip m@amwaa ca] ca
U c 6! C @]'ﬁ@ ch):ﬁlﬁthanaE then EodihiAUYMY {1%\‘ XNNM cooled to room tempcraturc
xnxxxy 1{ |{vq|gb] Ul ca] ca] cal ca ca cajcalc”alc ca]cAa]ca]
chal ol d et eaou ALl 02 B g I HaDs Gtk

:ﬂyéf\ggﬂa[cg 1&9 %’{f&ﬂl{f%&?cg{%ﬂ %%H%@aﬁ%ﬂéb#&%%&?%ﬁ%&%% fate

U c”aj caaf\mma\ Bifer Yédubtihn Ztdb 6 M&&h&@}d&ﬁﬁkﬁp&rﬂaﬂ&ﬁlhﬁdﬂ a] aadaedlscal cal

L

Ul c’oU| caU] ca] ca] ca] ca] ca] ca] c"a] cBXamMrLEl4@a] ca] cMa] ca] ca] ca] cMa] ca\ <?J+ei M
fi~xqkf  ZUP] cal c

U crau cal cal§e ?3&({"5&]@3@%@]‘@5@%&‘] A1 81 2 4oy Ridds-c BNy (0159 )
U c*aU %&w&q; anltﬂlﬁ‘l GRby x)t})fwat]er This cobalt melt and the thclj'uum It solytion_were

nB} EJ} X cal| ca cMa] cal] ca] caU] ca] cal caU| cal] ca] cal] ca
mixed the miixture was then’ slurried with a crushed commercial sample of fluorided alumina

(3.9950 g) obtained from Engelhard (Al-4352) which was calcined at 550°C before use. The water

25  was evaporated and the residue dried at about 80°C. The dried solids were calcined at 0.5°C per

minute in air until the temperature was 350°C. The calcination was then continued for 0.5 hour and

then cooled to room temperature. It was then treated in a tube fumace as follows: (1) heated to

100°C in Ar to remove Oy and HO; (2) the reaction gas was switched to Hy and the catalyst was

reduced at 450°C for 12 hours with a heating rate of 0.2/min; (3) after rcduction, the sample was

30  cooled to room temperature in hydrogen. A catalyst (4.7598 g) with a nominal composition of 20%
Co0/0.1%Ru on fluorided alumina was isolated.

EXAMPLE 43
Co(NO3)26H,0 (4.9384 g) was melted at 75°C on a hot plate. ReyO7 (0.0650 g) was

dissolved in a minimum amount of water. This cobalt melt and the rhenium oxide solution were
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U] c”al ca] cal] ca] call ca U ctay ca U cral calca U ctal ca] cal] caJU-0;
"FL] A7d#, 7{uoj d*YS] U] ] c*a] caU] cal] ca] cal] cal] ca] cal] cal) ca] ca] c”a (léé ca]cal c
a] cal] ca] calU] ca] ca] cal] ca] ca] c”a] ca] c”a] ca] ca] c”a] ca] 9 0
A KMRT~ysnhb\ WG d*YS] U] ca] calU] cal] cal] ca] cal] ca] cal] cal] cal] cal] ca
Ul cral] cal] ca U] cMaU] ca] cal] ca] ca] cal] cal] ca] ca] ca

U] c”a] cmixed ahd the Uhisasré Jwd theh \spirded7vith d/crishelbbdonmjercidl]saaple aﬂhaaided alundlad ca

MR A LPUAG S i ey G e . T e
AgL: V\Z"M(s(éwnﬂdteihi}djﬂ\b’lﬂ]amieahﬂl athfonn BOE] Teeldrizd \shlida [veere calcined at 0.5°C per

ﬂ g’\ Ziﬂcﬁ?‘g ca ca %]mg’]ﬂ J'C aC i ;F%Lﬁ(- Ch% %L%%g? ") Ensps Gpr P hour and
U] c’5a] cthéd] cmjedatp crﬁaxi\ caiumaqtma] d(\wu] thah tzifpd i) < tube fixhiice a} dallossaj(Ddfeatedica) ca]l

fJ]az:’?al (l%‘lccl'!ﬁJ gf_k? 19% 24 @3 g'lzPaﬁ)kB]‘ cmf(gaﬁ ks scwé ‘(‘:eéi]tg ;5']2(;"3]’ é‘?f] %??]‘yé%lrﬁsa] cajc
a] ca] C"RducadhCadooe e 82 sa.ka Gith caa{ébﬁ.ag ﬁ@eu]»mi/ﬁ.ail ¢hakeededation ] thdsdnfple wad39

z upkf a\qﬂwjeééq oamdamperpiuee ip Aydragena) 4 spelytdd- 98 & pith p eamingl compesitionsgfclic a) ca)
ca] ca] cad/r.adael dntleniliéPditming dheRbaRACA92]8i K- 9#10%9& ()-S#10%& () - &%40%&
()-F S1099& ()-9@0%& ()- 10%& ()-! E10%@& ()-.]iK-|

109§& () - T#10%&' () - g#10%& ()-g %g& ()-yl0%& ()-10%& () -} Kzi
K- &T#10%g&" () - Y%I'#lO‘Vg& ()- #0/<100/g& -y T#lO%g& () g#100/g& ()- IT#lO%g& ()-
10%g& d_g 410%g8 0g 0 g8 &
+(V<ig%;<(&)()z 11%)0/@'&*() F(glO‘VgcQa(*)‘Yﬁt z )0 —QﬂK&l’mé@fi @/&@wn& ()- é)gv
Q40% " & ()__@mv QA0 " & () -

1096 & () - y#10% & () - 9316‘8/33&!78('9*13@515 UK&T#10! @ 123 0.87
100 & ()2 =5 1 308 ke 1O AT o ()o10 P &0 Fog
10% & ()-y&l0% & () - y##ll)@%&abbs-xﬂé‘;,z‘%m% & ()-y MA% & () - 3w.gs
4 10%Ru/theta-AlF3 118 0.85
S 10%Ru/eta-AlF3 60.3 0.84
6 10%Ru/Al,O3(F) 132 0.87
7 30%Co/AlF; 67.5 0.91

TABLE 2 (225°C

Ex. No. Catalyst Cp1t Productivity Alpha

8 10%Rw/AlyO3(F) 241 0.85

9 10%Ru/beta-AlF3 79.6 0.82/0.95
10 30%Co/AlF3 159 0.86/0.95
11 10%Ru/Al>03(F) 32] 0.81/0.93
12 30%Co/AlL,03(F) 879 0.81/0.92
13 10%Ru/AlO3(F) 171 0.88/0.99
14 10%Rw/AlyO3(F) 316 0.86/0.96
15 20%Co/AlyO3(F)(Mg) 23 0.81/0.85
16 20%Co/AlHO3(F) 134 0.86
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JE_UKET#10! @1 2#10% & () - 80Z9A0% & ()-f1/ 10% & ()-y-

10% & ()-yy, #10% & ()-*"10% & ()- $& (): bC&T#10! @ g#1

10%& ()-1F10%& ()- 10" 10" 10":s10% & () - 6- 10% &g()9({%%"£")“b"f2002

kf dEbCRT#10! @ Z10%&’ () - SH109%g&: () - f #10%& () - S %L0%g&’ () -

(1;)0/@;%&' ()- 10%g& ()-f- UdEbC&T#lO' @ | 109%& ()-9%40%& () - LS#lO%g&' () - SH10%&

#1098 T BT (-
} vaBbC&T#10! (g#l%%% O~ s#10ved Y I%W&OW&IE)P@"P%%%& AP8 ¢ #1008 () -
10%9& () - v} -—F OGRCET#I030sqs/alpha-AlF 0.85/0.93

1098 ()-/10%& ()-| . g#10%& e 0008 () -1 +940%8 ()-*1096& () - F
[[1]1AI71 1 ql XmhGAT#10! | WEARGIERNVALTAEF)10g 10gS; 202 0.79/0.9

" 10%8 () - 510%8& () Y4g#10° /&?(/ 2%10cy & () - ql " #3a8&(WX6NDC, SEYAQUE () - 3FA
O%g& ()-3!1 F‘V&O%E! () - 31 NEY %‘ O%gg& ()-3"1 Eoog (P7aP82. .- z[ PE
11 10g 10g 10gf;
s10%g& () - Ff%iof%g'zég ()-3! 33—//5‘5529 Y om0k () - 31 ¥omoue (P28--. . ki1 0a2PE:
! 10!'1 s$10%& () -2110%0& $£0%Co/Al,O5(F)(Pd) 203 0.79/0.91
7" 10%& ()-Z" 10%& ()-! 2" 10%g 55 "$3109g&’ () - 081123MB4z[ 9PE: | | S$10%& () - &1
0%& ()-1Z2"10%9&'R) - ! @t M@ng&qsms'( s$10%& ()-1205 0.86/0.94

S$109&’ () - 4044’ 55H66dEPE X Y $10%g8: 0%g& ()~ TYG' 10%g&"
$G' 10%g& () - $10%2 () - 66754 e‘%@é&g‘i&g)) 98 () 85109 () 9& () -

10gL9" 10%g& () - 52410%9&" §gs & ()-S. $10%g& 4 - ! @ $1 , 109%g&
10959. Loutsi i 1?@1@5@ ﬁa;é:‘z,/x@ol,%@g 0)- Y& o) 0%%.90) - 9& ()
1096 & () -f MLOY & 25) - | 4$1O0HRBA(O5(F)& #1096 & () - S316P% & () - 009

10g| <<=>s>><?aBK:

10g9794.0% & () - f 126#1096 &2Q4Ce/Ee ke ()-f1-#10% & -1 191 zZo@88% " & () - of - #10

% & () - <2 @EAAB] K JEC y fy& #10% & ()7 S3%@
109% & () - y#10% & 3 iRl 8"’%‘?2%#@6%}:1 () - @uce@dJDDEaBI%W/&%S 4s

109 & ()-y210%&xa) e 1990 dabo @GN K () y | ABAE () - bSS
(9%40% "-"& () -f Ej ESF7F8FOF: FKFG> @ 10gy" #10%&! ()- F&GLO%&' ()- 10" 10"
10":s10% & () - ! NRI7nPa 09B0RCH/ I %REAIHOHE) () - t GoHHI | BdALz X6~ @89
|| M0 () - S! D09 () 3 @NTAOYE () - @GE 10%! () -} S

Co/0.5%Rw/AK03 0.89
31 10%Rw/ALO3(F)(Pd) 466 0.92
32 1%RWALO3(F)(Pd) 53.7 0.86
33 20%Co/0.5%Ru/Aly03(F) 175 0.87
34 © 20%Co/0.25%Ru/AlyO3(F) 173 0.87
35 20%Co/Aly03(F) 159 0.86
36 20%Cof 1%Rw/Al03(F) 172 0.89
37 20%Co/1%Ru/alpha-AlF3 23 0.76/0.88
38 20%Coalpha-AlF3 295 0.93
39 20%Co/1%Rw/Aly03(F) 151 0.89
40 20%Co/AlLO3(F) 257 0.89
41 20%Co/Al,05(F) 284 0.91
42 20%Co/0.1%Ru/Aly03(F) 367 0.89
43 20%Co/1.0%Re/Aly03(F) 485 0.89
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The uncondensed gaseous products from the reactors were analyzed using a common on-line
HP Refinery Gas Analyzer. The Refinery Gas Analyzer was equipped with two thermal conductivity
detectors and measured the concentrations of CO, Hjy, Nj, COj3, CHy, Cyg to Cs

25  alkenes/alkanes/isomers and water in the uncondensed reactor products.

‘The products from each of the hot and cold traps were separated into an aqueous and an
organic phase. The organic phase from the hot trap was usually solid at room temperature. A portion
of this solid product was dissolved in carbon disulfide before analysis. The organic phase from the
cold trap was usually liquid at room temperature and was analyzed as obtained. The aqueous phase

30 from the two traps was combined and analyzed for alcohols and other oxygenates.
Two off-line gas chromatographs equipped with flame ionization detectors were used for the
analysis of the organic and aqueous phases collected from the wax and cold traps.
Catalyst Testing Procedure
Catalyst (3 g) to be tested was mixed with 4 grams of 25/30 mesh (0.71/0.59 mm) and
35 4 grams of 2 mm glass beads. The 14 in. (35.6 cm) tubular reactor was first loaded with 25/30 mesh
22 .
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At the end of the drying per:od, the ﬂow was sw1tched from nitrogen to hydrogen. The reactor was
heated under hydrogen flow (100 cc/min and 40 psig (377 kPa)) at a rate of 1.4°C/min. to 350°C.
10 The reactor was maintained at 350°C under these conditions for sixteen hours for catalyst reduction.
At the end of the reduction period, the flow was switched back to nitrogen and the reactor cooled to
reaction temperature (usually 220°C).
The reactor was pressurized to the desired reaction pressure and cooled to the desired

reaction temperature. Syngas, with a 2:1 Hy/CO ratio was then fed to the reactor when reaction

15  conditions were reached.

The first material balance period started at about four hours after the start of the reaction. A
material balance period lasted for between 16 to 24 hours. During the material balance period, data
was collected for feed syngas and exit uncondensed gas flow rates and compositions, weights and
compositions of aqueous and organic phases collected in the wax and cold traps, and reaction

20  conditions such as temperature and pressure. The information collected was then analyzed to gét a
total as well as individual carbon, hydrogen and oxygen material balances. From this information,
CO Conversion (%), Selectivity/Alpha plot for all (Cy to Cg4q) of the hydrocarbon products, Cs+
Productivity (g/hr/kg cat), weight percent CHy in.hydrocarbon products (%) and other desired reactor
outputs were calculated.

25 The results obtained from the continuous-flow Fischer-Tropsch catalyst testing unit is shown
in Table 3.

This table lists the catalyst composition, CO Conversion (%), Alpha value from the
Anderson-Shultz-Flory plot of the hydrocarbon product distribution, Cs+ Productivity (g
Cs+/hour/kgcatalyst) and weight percent methane in the total hydrocarbon product (%).

30 The temperature was 220°C, the pressure was between 340 psig (2445 kPa) to 362 psig
(2597 kPg) and the space velocity was 2 NL/hour/g. cat. for ali the examples in Table 3.

Catalyst Preparation
EXAMPLE 44

The catalyst was prepared in the same manner as that of Example 2.
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solution was then evaporated to dryness with stirring. The recovered solids were heated in argon for
3 hours at 400°C. A catalyst (9.698 g) with a nominal composition of 10%Ru/AlF3 was isolated.
EXAMPLE 47
10 (NH3)6RuCls (3.05 g) and (NH3)4PtClyeH,O (0.3600 g) were added to a large Teflon®
(polytetrafluoroethylene) beaker in a dry box. H»O (30 mL) was added to the beaker and the solids
were stirred until a solution was obtained. Well ground ilpha-AlF;; (8.7000 g) was added to the

beaker with stirring. The slurry was evaporated to dryness with stirring. The recovered solids were
heated in argon for 3 hours at 350°C. A catalyst (9.389 g) with a nominal composition of 10%
15  Ru/2% Pt/alpha-AlF3 was isolated.

EXAMPLE 48
To an alpha-AlF3 (9.0 g) aqueous slurry in a Teflon® (polytetrafluoroethylene) beaker was
added a solution of Co(NO3),#6H70 (4.9385 g) in water. The slurry was evaporated to dryness with

stirring, The dried catalyst was treated with hydrogen for 4 hours at 400°C to obtain a catalyst with a
20  nominal composition of 10% Co/alpha-AlF3.

EXAMPLE 49
Co(NO3)7¢6H0 (9.877g) and AgNOj (0.7874) were dissolved in a Teflon®
(polytetrafluoroethylene) beaker. Well micronized alpha-AlF3 (6.5000 g) was added to the beaker

with stirring. The slurry was evaporated to dryness with stirring. The recovered solids were heated
25  in hydrogen for 6 hours at 400°C. A catalyst (9.218 g) with a nominal composition of 30% Co/5%
Ag/alpha-AlF3(Ag) was isolated.
E PLE 50
The same procedure as described in Example 9 was followed using Co(NO3)y¢6H0O

(9.8765 g),and (NH3)gRuClg (0.6127 g). The recovered dried solids were treated in hydrogen for
30 4hours at 400°C. A catalyst (7.83 g) with a nominal composition of 20% Col2% Ruw/AlF3 was

isolated.
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Example % %

No. Catalyst © Conv. alpha cst Cy
44 10%Ru/beta-AlF3 88.8 0.81 279 6.2
45 10%Ru/theta-AlF3 61.1 0.86 205 10.9
46 10%Ru/AlF3(AICH) 68.7 0.84 196 14.6
47 10%Ru/alpha-AlF3(Pt) 271 09 449 342
48 lO%bo/alpha—AIF3 24.6 0.86 80.7 204
49 30%Colalpha-AlF3(Ag) 13.8 0.93 58.8 13.4
50 20%Co/2%Ru/AlF3 16.5 0.85 29.8 27.8
51 10%Ru/Al,03(F) 64.4 0.89 2413 5.7
10 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

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

15  incorporated by reference in their entirety. U.S. Patent Application Ser. No. , entitled

Fischer-Tropsch Processes and Catalysts Using Fluorided Supports, filed May 19, 1999, and 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.
The foregoing detailed description and examples have been given for clarity of understanding
20  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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#H## 10989 ()-' 109B9%& ()-#3' 109B9%& ()-' 10989 ()-'

109BY%&1( ) - " &0prdaSs Fxproducing hydrocarbons, comprising contacting a feed stream comprising
hydrogen and carbon monoxide with a catalyst in a reaction zone , said catalyst comprising at
least one catalytic metal for Fischer-Tropsch reactions and a support selected from the group

consisting of an aluminum fluoride and fluorided aluminas.

2. The process of Claim 1 wherein the catalytic metal is at least one metal selected from the

group consisting of iron, cobalt, nickel, and ruthenium.

3. The process of Claim 2 wherein the catalytic metal is at least one metal selected from the
group consisting of cobalt, nickel, and ruthenium, and mixtures thereof, and the feed gas stream

contains hydrogen and carbon monoxide in a molar ratio of about 2: 1.

4. The process of Claim 2 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.

5. The process of Claim 2 wherein the support is an aluminum fluoride that is primarily

alpha-AlIF; beta-AlIF3, or a combination of alpha-AIF3; and beta-AlIF;.

6. The process of Claim 2 wherein the support is a fluorided alumina containing from

0.001% to about 10% fluorine by weight based on the weight of the support.

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

8. The process of Claim 2 wherein the catalyst is prepared from a molten metal salt.

9. The process of Claim 1 wherein the support is a fluorided alumina prepared by treating

an alumina with fluosilicic acid.
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