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ko ﬂTgZ m%d E%g:%asfeﬁﬁiga 3éo Ab Sk ﬂa?&&a‘"l‘ d&nﬁéﬁa@g’% nagot{%mgmi

feed gas stream cont al W concentration

el enent s tirterfachanethe abpence 1of py @wa@fb%‘@@n ligvid #nd canphasey.sthere dg porsugface sessionns .
For ex@nmlagd ndd€nd ﬁﬁﬂc&@&ndﬂ%&?@&ll&ﬁe Bf gBr. Such/a§RdcEH nla9 b8 '?e?kl&?"shﬂ%%tléai

contains | ow concentrations of sulfur or nitrogen conmpounds, such
hydr ogen sul fi de, ammoni a and carbonyl sul fides.
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The feed gas is contacted with the catalyst in a reaction zone. Mechani cal
arrangenments of 20 conventional design may be erapl oyed as the reaction
zone including, for exanple) fixed bed, fluidized bad, starry phase, slurry
bubbl e colum or ebullating bed reactors) anong others, may be_ used.

Accordi ngly, the size and physical formof the catal yst parKki h 2vary
dependi ng on the reactor in which they are to be used. A conponent of the
catal ysts used in this invention is the support material (b) which carnes
25 the act idEngCab@dbdsrodi@EPPAGHREritica Hrying WPicsIBIhkye high PeroSties A ke ofddl &'fiofl50

cont ai ans 3Ny ? aan VOumenon | ayered mesoporous crystalline phase with a
conmposi tion 0 PERE °F 6T T a: M~-g(WaXbYcZdO~ where Mis one or nore ions such
as ammoni um s odhtamtwp@t’d%lsatlgrnﬁ‘lar%ﬂ &/ 19R§Atisolgesmactive metal conted edielyseurppriadion

conposi ti oMmnEx&idi e Mnemeé@aﬁtesispaﬁm%r desacwa rhetal toh EFisaRek- qt#bb@ﬁi chRYs has
aver age .val ence actioqn .of M W

g o ® e il ik et PSR an e PRy R A By oo bets PG B ¢ 1 o
metal, (e.g., nelPrgeinésasst amon ohrstacipéftarttin thia ficld, drereripgyi e gicatmped ffor oéve catalisty

cobal t; X i, ﬁ&ﬁer(%o gntﬁefs'lk \bQJnGJ”'Jrly%Lt Y%”thé pRVEE hi@f? byt JaMHBn sBIEGiORes thT ON
and/or gallium, pre era m num I'S one_ or tetraval ent el enents

(e.g., ti ta[Pﬁ"lﬂﬁe the VF’(E‘B?ﬁﬂE?rWdrH%'fbﬂ‘i‘isFﬁd“%ﬂ‘dHH%@‘B*‘“C%‘?‘T li’re‘i'iﬁ SCREAMIST ger mani uny,
preferably silicon; Zis one or norn pentaval ent elenments (e.g.) niobium
t ant al U@ vanadi um and phosph‘UMMARBY SIFEPRBINVENT®@Nhorus; a, b) ¢, and d
are nole fractions of W X, Y and Z 35 respectively; h is a nunber froml
to 2.5, and (a +Thiy We@""ipm‘d“’si progess for prodyieg hyfrogagho dPrsesh EOMprises pratagligy e
conposi ti om fedl swhmrcemprnagawmgéraant cdiboh nfdhoxids with @ adeayst ih A ddactidn zéwd thaidtainsd a2. A
furt her errbc%l(%iv SIOl‘l ro ot1n Ol‘ld thI’l &gectlvea%o l‘O?LBSl:C an gdifﬂuen eglﬁ C(')A\I %‘ ng et‘ egr ()el'lgi Igre
corrp05|t|ons 3(" B P FCY € e and® P d“’fls ni obi um
or tant'@ umc(oeﬂag:e WithIgdpigveating tm&z@lgat used irFthe progsss celrepr&PSI (s) 2 sent poet cptalytic metal
preparati orromdherﬁr@&ﬁ@saaroh&atg Qi lefRf onE frlesa sanb&eeerodﬁﬁecg?o@%&,sisn@rogam Eobalt,

non- | ayered ase co 05|t|0

U pad o SR RIS R I ror B S oo BHy b PR 4 S SRESR" ¢ <

cntirety. D@smklpatlomrhsthes‘ath@smp@f:a(b@@dm#mmfmatesthev@ Argstomivaitss and t hei r
use in catalysi syGRbrdife &M@lasb&t&tm&wemm thdhEibrot184-a nfeth@P1) the &ZQaraaﬁm

2419, reb i ncorporated herein by reference in its entiret

silica- ‘?FB% b"gF°Blﬁ§‘a‘K7|&i°5“pHﬂP%' Tegating BRyRRert 3y aﬁ'f“é‘?féﬁa‘é‘éﬁ“%/ afly 3<fiye metal
preparati omekecftedtﬂmm thatgaahysdnsxstmg of hen, pebels anivkel] marnin, and cohlbgtipns thedeofched a
Si - MCM 41 aﬂ?&lndoé!r WMt h ’\s}g&% %on?ﬂns o%j}aygr%(i ?r{e%psrguspéﬂﬁ%l't%hé 'el(ﬂ ifs QAHSX WVI'

and Al-MCM'41 refers to whore soma SI atons have been replaced by Al
at ons. Aaot‘fﬁ%’?“‘@'bﬁﬁ?&"ﬁ i cﬁ‘f‘“af‘beth%’fQi‘saf‘F lpast ongpeak a drpnacingrfif srepigrdbani lgrﬁ‘“g%ﬂ)'ﬂ he
catal yti c nmitgland Tlying Ife @pteghaseili scppot @bl réedacify ek anpldnyted @lppat edh frydogenon,
cobal t ,gni ckel . ; %gJSt% ruthenium Normally, the netal conponent on the
support |s re provi de elenental netal (e.g., elenental iron,

cobal t, nickel alﬁdﬁwda?qﬁt%@rﬁeh Ajothelo pspect of dhis, inveRtgpne Hhers | iy @tovideghineghdsfor, the

cat a: yt I cal grapafidnedttal Ri&haTeupith cablys: RempIBihe impeeyngiag @ Rippsr witl Reol@BALTtzero f
cataytlcne ent in.t y y A C e
cat al yst COIT%?LI csoggslte glb'ﬂlu?rgaqh? {3?\!&@%&]}? b %molgg,h\{vﬁ/e?e i th sgp%m)( corﬂ_%/ Bés éa lwr%[la){el;en
support ed imespporagnivaiort thangxhikies an Xerayditresion pattern eﬁﬁr en*ﬁ"péﬂrn thaébaalat 199@1 oghpealpft

cat al yt3oc ned-spheifbivd grSdid BRA 18 AdgEtRbRnA)hid drydf @etimpkedn@ed0ffoRy Wei ght. Each of
the netals can be used individually or in conbination with other netals,
especially cobalt and ruthenium cobalt and rhenium and cobalt and
platinum . Preferred are catatyst~ conprising fromabout 10 to 30% by

wei ght of a conbination of cobalt and rutheni umwhere the '25 ruthenium
content is fromabout 0.001 to about 1 weight % Optionally, the catalyst
may conprise one or nore additional pronoters or nodifiers known to those
skilled in the art. Wen the catalytic netal is iron, cobalt) nickel and/or
rut heni um suitable pronoters include at | east one netal selected fromthe
group consisting of Goup A (CAS) netals (i.e., Na, K) Ro, Cs), Goup Il A
netals (i.e., My, Ca, Sr, Ba)) Goup 1B netals (i.e., Cu, Ag, atld Au), 30
Gpup I1IB nmetals (l.e., Sc, Y and La), Goup IVB netals (i.e., Ti) Zr and
H ), Goup YB netals (i.e.) V, Nb and Ta), and Rh, Pd, Cs) Ir, Pt, M1, B)
P, and Re. Preferably, any additional pronoters for the cobalt and/or

rut henium are selected from Sc) Y and La5 Ti, Zr) H) Rh) Pd, GCs, Ir, Pt,
Rc) Nb) Cu) Ag, Mh, B, P, and Ta. Preferably, any additional pronoters for
the iron catalysts are selected fromNa, K Rb, Cs, Mj) Ca) Sr and Ba. The
anount of additional pronoter, if present) is typically



35 between 0.001 and 40 parts by weight per 100 parts of the support or
carri.er. Conbinations of cobalt and rheni um and conbi nati ons of cobalt and
pl ati numare preferred. More preferred are catal ysts "7 March 2002
conprising fromabout 10 to 30% by wei ght of a conbi nation gf;!cgngo&gand
rheni unn, where the rheniumcontent is fromabout 0.001 to i ght
% and catal ysts conprising fromabout 10 to 30% of a conbi nation of cobalt
and pl ati num whomthe platinumcontent Is fromabout 0.001 .to 1 Wight %

5 The catalysts of the pmmﬁmpmm@ met hods known to
those skilled in the art The‘é“b include ~ i natin ﬁ@catalytlcally

active conmpoupddhpeef sases chasged tp the process of gy V°B waw ffll?' 8% O hdrogen
cat al yt i5calsbiyred CinidV Garto NMOHXELE. O FLATOE fdiviterey’ Suitaugeisherfeuﬂstohc FotPERvdrsibRler 1 al

to prepare tal yst extra es and r orte
catal yti calhlygil o v%“%rg'r?ﬁg %I%m c@ﬁﬁﬁ%ﬂ? upef)limﬁ'q t@ﬁ gt ¢ he
present i n\aememm hysneaizaof seeml raformirigepaftind onidaﬂoxpomtberswyocdeﬁespkam mlthasq-t. The

ellets, o Yelc]
Br eferr ed %‘%‘Iﬁﬁ r eg}y?%to%a gdnb’srggé(@&@ggm&gﬁﬁﬁg Q%ﬂé\'ﬁ{) ’ﬁ-el'; aa?'
dependi ng fsqﬁﬁce;ttamﬁreawii privigiato] qopvgrt samevgten to ixdrogea for use ingthe ﬂlmbgreTrgmn | ed

in thegrt pajcessalil i€ p;cens& hﬁ@éhe o WS lof RydrdgaPloSoaRh RRH0XidR in ﬁleg‘ée\i%? g?&{er of

requi renents. One neth eparing_ a supported taI cat al
supported dEBA%1 @&'ﬁ%ﬁbﬁ“‘i ‘267b‘9 26y | @Et“i%t éb’?‘bﬁ%‘?"dt he

support w &Ik‘e fodd gasistreand preférhhly Eontrind hydiogen hnwt&tbombﬁixidaai i mﬁldﬂ’@tuﬂ&' abéuit At €)

acetate, a l,acet te or t i ke. Anot et ho nvoI A repari t he
catal yst frofRear ﬁﬁ?@%ﬂ °efﬁd gaﬁwkrﬁﬁﬁ#’lg °°'t“ﬁ' Sﬁﬁ‘) aoias
i mpr egnat edn snplar ratio ombwrﬂ Gﬂelt Jhe feed gaamay fleo @ngam@el(om@i))ﬂ&—lmy feed gas stream
Al ter ngki Vehonlg éogﬁmsyﬂg%hccﬁ@tﬂlop of u% et ﬁgnéMsttnat @.aeod aeieceﬁﬂusgéebft%%o

val ent cobalt such as 12 or th ke in a sul e organic
sol vent (e°§}ay5tt%‘P1UésnE‘)'s°“$h§°W‘Pﬂﬁr% @d'%’é(d‘ﬁ?ﬁri" Yegprerreated to, gesuredhatded

wi t h hydr 0géilainslibR chicelitagens of SliRiEdrin@bgé R@pdiaYs, BRh adigdRREERHIRE, Yminbnih B
catal yst i sm_gre a fedd with zero valent cobalt. In another enbodinent, the

i npr egnat e B%’ 1%%s dried, oxidized with air or oxygen and reduced with
hydrogen. Typi c&hd fepd gas i3 emtacted with theicatalyss fin ¢ reactiop zeries Maghanichlcarpagements o

metal  eeNPeaRBitiohdl) deSibn HAG, becaﬁp%yxa% 3 redchién e&esaaad.hg:'vfemaapne' ﬁxear&ﬁe“t
in a reduced state (I tallic statQ . Therefore, It,

normal |y adbidfed brde shury Bhaé?ztsl“%&éb I‘E‘a‘t“&le%'Pt“tﬁ"?"Sr‘“P@rsu%"é"“S?ﬂ‘&“’r'ém| on
treat nent , used. ukceormhglg,eﬂe:azoﬁnd lpYighicapforin af thé Batdlyse paticles hiBNe debeiidihg on the

Typi caIIy) t ed wi th hydrogen at a tenperature is the
range of ffed?%g% ou °m§“§¥:°’i°3°§ U 500C, for about 0.5 to about 24 hours at a
pressure of abo#étcothpengntzthetcatalysts nged irFtbis dnvintion datbersuppgrt ioeteripd Gl whish cérees

reduct pon a{a%aimmnyst%anmkh (gs TOpibaLLY [ thd Sipgdft Map&ﬁamaadma@awﬁ&ha such
as nitrogen. The anbunt -

rogen imapy range from %t 0 about
100% by vommorowsm“ee Wéfsewtsgsce'npwa& glthe ﬁgmt ?rp%&ﬁ%yxmd ere M is
cont i NUOUS ofP&tEmors ,Ane sﬁéw a dm)ﬁ)umt, Qalmiomwm deﬁi;? &ogeﬁl :%' the/ cHafde QfHf3 t he

reacti on zone tépl cal from about unes/ hour/ vol ume
cat al yst ( Gomposiion fxslua'samews @swm q/lsﬂasrvewé?esmow fyeige ¥eeR of VY ishr | v

to about 2¢@@Umudrier ‘n‘dlcs dh@oke FREHN OF M2 NG dne BPMbRIdiNaRNI élenieyifdisGonlak X divBleﬁthe

range out 1 35 about 30QC. Preferab t he,reac zone
oper at g@i gk‘ "ﬁ Sf '8’?' %&[’ Wﬁﬁdf*latﬁ]@gép “gfw'l mangsiHm, ﬁ"’%@gi} cobalt; X °
t enper at ur Bné oranorabiveient BRGEnts och scaliimimt) Goror, liven aremmlbmu,mﬂmbwmhnm is

typicay

kPa)) pr ep}a{??i 'Fen&%}o?got% 8”“ e?e%e?%é%g ’k@g? "{f B{uglf ﬂt%’p g&f %2%@5 gﬁ‘?‘# and
still nor egwxenhbteyerawy @m@bm ohel Or poregpeftavit kimpnts &abnmumwt@mg
(2858 kPa) ) QRGS t
range of n‘dﬁng(ggﬁgﬂ&g%ﬁ&aﬂ v gmphfommﬂ Egarnggn nuﬁ%ﬁél?gﬁgygfaytgﬁm

pr oduc?®? hnyFR?ﬁ%Wb’@h@WWPefsfth’rf%ﬁ sdahhaca®=dont i nue to the limts
observabl e by nodern anal ysis, about 50 to 100 carbons per nol ecule. The
process is particularly useful for meking hydrocarbons having five or nore
carbon atons, especially when the above-?eferenced preferred 'space

vel ocity) tenperature and pressure ranges are enployed. 10 The w de 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 m xed phase stream
including liquid and vapor phase products. The effluent stream of the
reaction zone may be cooled to effect the condansati o~ of additional
anounts of hydrocarbons and passed into a vapor-liquid separation zone
separ at| ng the |IC]UI d and ~vapor phase 15 pr oducts The vapor phase materi al

o v o o o, o




30 EXAMPLES General Procedure For Batch Tests Each of the catal yst sanples
was treated with hydrogen prior to use, in the Fischer-Tropsch reaction. The
catal yst sanple was placed in a small quartz crucible in a chanber and
purged with 35 500 sccm (8.3 x 10'6 mils) nitrogen at room-;map@ﬁggglze for
15 m nutes. The sanple was then 9 heat ed under 100 sccm X

m|'s) hydrogen gé%%&égodglgbn@mﬁ §bO% %#:Sbuﬁﬁ: AR O SuPBo- B js

catal ysts were t C/ mnute and hel d at 40 C l;‘our

hour s mdeﬂ@@@%’d@ﬁ(é@“&”@@mﬁ'ﬁﬁ%}h%yw thds Zanpl es were cool ed in
hydrogen and purg@hrifbrdd afd dompesRiondeHeRty (8 +B9<) isHesa KR &@daimsiank&wﬁfosmhﬁat

treated under helium as described In the specific 3 exanples.
pressure v&&uaRlug(e-g, NhQ5andTa2080c under 10Q0 psig (6994 kPa) of H2 )

(2:1) agd maint %hm‘é’ dg%llstﬁ @ﬁ?ﬂﬁ&ﬁ&d#ﬁﬁ cﬁmte%m&ume moe.&esé}r%ga inolglnid

typi cal run, roug rogen catalyst aad Ct ane

was added meniau@e@@smpwuw%qﬂme mbasmmvpos:tlm apecdggeribpd iy Ps BptentNo. é,a&.é&? in
ice, vent edvhidﬁﬁﬂm@d?pdr&&ﬂyﬁkreﬁ&%&dﬁrﬂ@nﬁﬂiEe&ﬁﬁﬁbh@df'ﬁ@%p%ﬁs m&am sidhe

reaction 10 product was apal chr r
Hydr ocar boRE e AR e FeL e ot i, Rl o9, 6 Bampars,

i nt er nal sux&taﬁbaﬁ:ebrpoﬁtedliemuebyrb&dﬂ@mmmw/ere not anal yzed since they are
masked ;Qy the s Luce

Co et s vi 0y Flecfipet s RuatE blelid Siched e ek Bl Pl o
i nt egr at ed cgalyduiof the pregst mmuqm llmlﬂ“ﬁe SerMQM-bbn@ AMCN41,07hetei-MGM41per

hour. The Lggatd {,Jm eﬁé&em&hﬁiﬁ -MIERAY iréErs (OMCRENNWIRAT R SDAERS have
| n(WA/ n) was pIo ted as the ordinate vs. nunbed of carbon atons in (Wi/n)

as the absbpeadeplacgd Brdiatomss| ope) a val ue of al pha was obtained. Some runs
di spl ayed a dauhéeheér! qphipoiat shtheseatalpst tolfl ehel prbestSinvetiivm is a&Udata@ntmetdansrmver a

variet U s FheARR SRR RO, LB BB Facdor SHARD, ROERAY Bl 020
Si2 (20 gyommwtm@e&ug)oﬁdﬂ&dwmﬂw@tm% (¢ e@mﬂg«‘,ﬂ iton, cabalQ @ickdl

pol yol ef i naﬁw&rtrhﬁemﬁn)ssufm Q) e edega%:haé mn%dcammretu%hsmﬂﬁ.e (motat- 39

g) in H20 (80 tge was added _to. the H‘Fé 41”?? , S‘g%’h ontents of
the cl osed*HBoneaishothe amopnt pEcytalytie p Y (g calglyst Ry vary allygfhayi ng
may be neceasigst gomprissd stioit 1 kes50%4 byn@eight (aéhhe metal)l ot total) gippariad npmmbmi, nickdd a

Tet | onag oLtk ALLHR WL | gﬁ& oyl il sl Vo bR BCHR0 1D

into ah oven at 95C S were ere washe hot
wat er unt i weightani ng st opped and dried. The solids were then calcined in air

ft t he Iol ! O\tM nlﬁacg(g?@{e%éws&ﬁ% hfedfnﬂlidn ngu.ﬁgégmém,?. \ge.tmr n'nfe'dhﬁ(rj@s? y
enperature to a ro t o o) an

from 200C topak &y ?‘e'ﬂ“‘@rg??“ln %é‘?°8‘“f“t §ohal fp&m“ﬁ“ G(;Qﬁ?r}e%mf}e% r‘"’éta 5‘&I | ng
t 0o room t econpriaing frem dboudtdar @\30%hi Hyf waight bhw cqnebiiitationnof @bbalt asdimtiiegiumfwhehethg 0

recoveﬁg:d ﬁﬂe%&%gné f‘ig‘ﬁ“i&gwc‘,h‘%a"&?ﬁ%@“e MCM 41 structure with a

peak at a d-spacing o MOM 41 was used to repare the
catal yst descr i ©edpnplly, E!GMIY&@“&! cemprise ofg, or more agdifignalipromatass of madifisesriaiown of

Aerosi | T' " 1024 Smﬂ.?d 1h Hd abt. Ohen i Qatalffc Mdtaldion, 6JbAIE ARk ydmmmﬁmaé i de
(5.36 g, zgr%mktgrsngc ude at ?eaEt B xatlxtetgldseL‘scttetf1 ﬁ'gn? lﬂ%oglr(%]; Icgnthmg of %roupqﬁ (CRS) metals
(i.e., Na, K, Rb, Cs), Group HA metals (i.e., Mg, Ca, Sr, Ba), Group IB metals (i.c., Cu, Ag, and Au),
30  Group IIIB metals (i.e., Sc, Y and La), Group IVB metals (i.e., Ti, Zr and Hf), Group VB metals (i.e.,
V, Nb and Ta), and Rh, Pd, Os, Ir, Pt, Mn, B, P, and Re. Preferably, any additional promoters for the
cobalt and/or ruthenium are selected from Sc, Y and La, Ti, Zr, Hf, Rh, Pd, Os, Ir, Pt, Re, Nb, Cu,
Ag, Mn, B, P, and Ta. Preferably, any additional promoters for the iron catalysts are selected from
Na, K, Rb, Cs, Mg, Ca, Sr and Ba. The amount of additional promoter, if present, is typically
35  between 0.001 and 40 parts by w;eight per 100 parts of the support or carrier. Combinations of cobalt
and rhenium and combinations of cobalt and platinum are preferred. More preferred are catalysts
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suspension was stirred for 20 mnutes. To a sol ution of
cetyl trimet hyl anmmoni unbr omi de (18.98 g), H20 (144.4 g) and a 50%in H20
NaCH sol ution (2.34 g) prepared by warmiag in a water-bath was added the

Si 02 suspension and sttrt~ed for 20 minutes. Al um numi sopr:mﬁigoé'} 357
g) was added to the suspension and stirring was mainta’'sne m nut es.

Th duct guas ol | | t hyl bot t |
(he bottl'e caBsHEG atdit 00 f oot by walhe(of &l bhbiin ot A el B, Wahip 5
The solids mgmov@mteﬂﬁomwww%w pbohtol wedghit ¢ podeestalyats comyrBing fromratiout 46 toum

dried. The g4 biRatidhSoT obHCand 3t ﬁ m
room t enper at ur(g%tégﬁ‘llacaat 10C§Iqr?1 gﬁtm&rgh{m %gﬂﬁuégg%aﬁmgoéﬁn n. OOM%

flnallyfror’d‘?‘é’@é‘to 550C at | Gnin.. where it was held for 4 hours before
cool i ng 80 mmlﬁamuﬁtwsau jnfehti¥n wbﬁrép%ﬁaey hﬁthod%a&\h@dﬁtﬁtfse i@l apf 10
t he recovere.g cal e.d sol i _I‘Eho% a‘_% ve ga MM 41, with a peak at
a d-spaci ng 0%° g'ﬂ F%gﬁl e 5% Mgmﬂ%"@ Pt PSPUSHRLS (QntPIﬂesEP&P‘&I yst
descri bed i mct&dmg’pheorlﬁhre GirdlyicallytactBy edriywands ofSpredvitioksddge(hiar with suppdit mdtétal e d
with an aqu S ) 4N ar grator. The
wat er was rgﬁgved&%{e%tﬁ%t p‘fgéry"%htehedrigd%m “Y“"f“&?s“ymég“%eaf"&mw “at
250C under 2s@odiegly, therrupporied capilysts ofithe pecsend linyentioh anty de mepdiimglie fommpfintiergn of
S Al il Mk Heno NOVfeofi iMooy aft Bloghts o1 Ur(1ed with an

aqueous sol ution arotary 2 vaporat or. The water was

renoved under va’c‘hmmswrefmemﬂwé rFRAERtipRIN VAR amgng these skilledln therartydepmding der
1500 cc/ mi Ny exdadpleainlthe Efdmemtagvkt 18 3. ATHOSYBKEIRY T MO0 SlelabR o Slectifle Wbst 70
Ru/ Si - MCM- 41, XA %E% a f M&% was -slurried with an aqueous

sol uti on of %‘( N‘F ERgvFetet Py 25 rotary evaporator.. The water was
renmoved under va@ueumetindd GEF@Epariiga stppional madl eathlgst (epsa mpmeueobaatcaﬁl&&ﬁswder
1500 c n utlon
of - Co( N5%) AAFEigR velte ‘S“mh‘%“%@f R B! Ecn fhadhoh Br ARBRURRI Bty O
The wat er mgatﬁ.e%%dw netaemhmhlea ﬁm@;er mﬁbochwféws peepefisdhe catalystcunea ned

at 250C unc@éitch nRR sA1C/ For el theabgport 3h B impReahalddyvith Dadieh M@ niate (o
conmposi tion of 25 wt % Co/0.08 wt . %PdSl-I\/Cl@Ml EXAMPLE 4 Si - MCM 41 (2 g)

was sl urri ¢ge®MPslr 0% qudismatively @PlSBTPO'éPmPP"( imgenetad itk a(321“9°’hg§ zerol denbat er
t
was renove Uc%’?ﬁ%‘é%%ﬁ%a?% gz‘gé‘o)lgm o TRY f'd s%haﬁ’l‘@&gﬂi&%ﬁdeﬁtq g'é eﬁe\{}hg‘ﬂé‘eous

sol ution of a rotary evaporator
r enov ed2Qun diewpregeatedimoppurt i¥ Gakd anith exdiickd with hjvixogein mﬂ@dchgmeudebmtn;ainaw\m be

cal ci ned at

Tt R oy bty Rkl UbGRIETY MLy loplobut, TH uEPbRScuBonttR Bkl
The wat er M@WWVQ@%@WW&'&HM@PWW “'chb’f"@@“rrat erlal was cal ci ned
at 250C under 150icals/], Bl fewdt @ ﬂf'tloﬁldf theTR&aIGR oA tHeSdataliaid netdmammbm SORd:L | on

o 25 O e U A et B B ML ol Bl

evapor a&Sor .is idrmaliycadeantagess toowtivatedhe matilyst priortol use byta réid@ion Tlegtmelnt] ie theipresents al
was cal cin 0 n i i

desi gnat edq# hghmgél bt %Q\{)aggit ?4' lgangt i claﬁaly%his g é%éhaﬂ d{ogmrl ed
with an ac éf'm?e% lmu'zlp fesy pf @m Mdﬁ?mm -‘(Q9°Q for) abgutp. ‘g@ gbowt2d hpwrsrat &

acetyl acet gm;lee 65306 1 tRUBRBTS M) Purd hidkrded may BPeked inGhe rezﬁrbﬁombﬁvag
renoved un ed at 250C under

vacuu t 70C, The dried materia
00 O/ menA AP LRy Rrosdy a5 an wet sisiot Ao A AU o BLAFRD s v o
Co/ 0. 1 3t . abouRlYeFo aboi\00%.byeddBLE b Si - MCM 41 (1.5 g) was slurried with an

| uti Th
nater e 1 oroval® Eis Mk bies b gtk clh o' ufit oty RPN 1t b6
250C under he®bh0 spadeni velacity othrough . thEhireactiomt emntal typicallje singn atange B?nmnphlmuES A

t f f
o N0S-6r2d L b AR Slyms S T Sl (000 o rlally Bl Won AT,
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under 00 a66ik e t of
under. bg/o Cg% momt_ &“%u'f‘*'g’ _tllx\)eé%acy%ﬁ zﬁﬁ, o) o?&ﬁteﬁ'%@ cBnveRidh RAmAEBERORFitich B
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Exanple SA material {0.65 g) was slurried with an aqueous sol ution o~
Co( CH3C00) 24H20 (0.4 g) and Rud 3 (1.5 ng) in a rotary evaporator. The
wat er was renoved under vacuum at 70C. The dried material was cal ci ned, at

250C under 1500 cc/minute of air. 25 The catal yst had a nom nql c9 htion
o; 25 . Ohepbriturs om cbouRIb0SE w\@wtaoocamm@ogz@s b y%@%% 9
g) was slurr ut,i n
Ry (2 ot ormedopele % RN b o i (R0 ke e 3 Subeia Ik asronh ot
70C. The dr608Ghsig(u237ikh), wibSstillandré preferabdlyl framQbous N1d@psigl (I96OKRY A kbout £00Qkigai I -
30 ~ The ¢ {}%%%& had a nom nal conposition of25 wt) % Co/0.1 Wm. %

Rul Si - MCM 4 R/PLE 9 Si- -41 was dried at 200C for 30 m nutes under
flow ng N2. It vHEs prhdmtsrmsnkldgtﬂmrthugkdcyssvmllkha@&(ﬁb’a) gangé)oﬂ nhlecular Geightove

b Thi o0
f 8?‘( nac eI EOMR&{Ig tﬁs)eeca L h‘ﬂﬂ)b‘y\%%ﬁ gk@:&ﬁ@ cp{\)?ro%argéﬁg%]l T ove {ntﬁ %gn{lﬂe n
heat ed i n athé flimjgs @bsemblatby 1dan anplysiscabepidf ws100 mb@e aen molw@ec ‘Thecprocess is

t e t
ot el contiri g Gyt ot bofnasl it éﬁﬁwﬁﬁ*ﬁl‘gﬁ"g&*‘ﬁ%“?ﬁéﬁﬂ‘?e

was identi C@va@fema%d %#erﬁﬂm Yelogitys fegperptupefag pressure £apges e emplayedy - MOM 41.

The catdl yst hadris wigéTahgd of b9drpeattiohs sodudéd ihGheneactith GatleAlitl pidatlst aff&&\mh&d 1
(2Z5C) Ex. Cll

t al yst
br oduet i vi (SPAFEoRadualy i Tt onp onsratine endifons, <Therofe thes efBons gseamy 9Bt by ( o
. B~Sl - Nuwmaoﬁaﬂz@em(oaa) bert filxed) PaseSiteeMTinchding Gig@io BEb yDEr-PhasOpraducSi -THEM . 4
1340. 866Co Co( 2
5/ Ru(Q .ﬁ%ﬁ%&%ﬂ%ﬁ%@@“ %sﬁﬂ?%r?%%l S AT
6 Wil e a pfbydesaghonpenddasseddnte agapor-Higuidepdsition zoneFenatating tha liguid s vapas gbase and
des]g:ri blsg mﬁdu\éasl IThd Qagof l\hE\sdﬂit&laDﬁth bchﬁdsse\daﬁt? ﬁtsbdbﬂdi sﬁ@rbflzeolmd& k&v&rbaf
refrerre e | relrn
baui val ont *?meaﬂﬁv‘is?c&bam " BRE e e R i R0 Yooty tepaieioh o, -
co rrpozi t ll'(l‘)l rtoguﬂxet heltm et liguidstomcenubisguentoiparationl zemedndytte fipd intasHactivmion @hmnbe
varil e daﬂ'rlt
publicati on CI té gsﬁé’ping%]g@%rshepgge | nc‘g?&gdr%gt ?&ﬁﬁg%%ﬂg%wg%nce I n
their enti rhutage. @hsrqnm!@mhyﬂqsmoeamab fre s@sed ingo. pbagtigratiop °e‘e'rn whers theytdre | ed
Fi scher2gTr Q&meeﬂy%ﬂﬁg S&ntlpﬁigaﬁto)@ddﬂ&%ucﬁMaﬁﬂﬁ@ﬁﬁbseﬁ@dna|ﬁ)é$5i& Hyitido&tbons

) tl d. t No
T37re T L e ber et deapion g e Pyt s el Rt v R e PRt "
Cat al ysts lbg pmed il Wann@aMmm e@uibthent geh af o hpdloarwking zererin Iosdeherredwd h on

August 18, L‘Jﬂ%g glole@Jl A%Iﬁ DYTHe rg;zp 8985 %c%gef&e Fi6ih r}hé,a YealtGi n@ rl’ﬁ‘ﬁuchp

entirety. entit Fi scher - Tropsch

Processes zi‘bi‘éf"@&‘t"&l%’t’%’y M '195?%‘@' yeeysied i é‘cf°§ﬁiﬂ%§“f@°'°“f W‘é‘&y RElydaogen apd/go
U. S, yB3t erbrbépibioxalel On No™ , 09/ 314, 920, ent itled Fischer-Tropsch

Ergogggges aﬁgd C%iamo}(ts ftuéheyslabogatlon, % llaeﬂeved that one Qkalleﬁug ngra;t%én uslnllgetge g/a anﬂon

herein, utilize the present invention to its fullest extent. The following embodiments are to be
construed as illustrative, and not as constraining the scope of the present invention in any way
whatsoever.

30 EXAMPLES

General Procedure For Batch Tests

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

reaction. The catalyst sample was placed in a small quartz crucible in a chamber and purged with

35 500 sccm (8.3 x 10°6 m3/s) nitrogen at room temperature for 15 minutes. The sample was then



13 "1 March 2002 Pronoters) filed May 19) 1999, are hereby incorporated
herein in their entirety. The foregoing detailed description and exanpl es
have been given for clarity of understanding only. No unnecessary

l[imtations are to be understood therefrom The invention Ii‘vﬂg&! 5p’g’ited to

the , 5 exact details shown and descri bed, for variations one
skil | ed i n hested wdér 100 séomo(e.7 bcrlO‘tﬂmPés) hydrbogen at 1°Gimisute/io100°Crantb lield RA0PCTorthe | V

V 14 7 o f ' j.scher-T h
catal yst  con; iof Syttt Bt neaa JPH-Co Olo BIERA bR pPUODICHE GLpbiRRREY |
active met 400 soma@768 106GH/4) 5 d@Ean P THO Bisviptds ivgh oled Iid MydrogRand purgedVfik| €

Corpr 1 ses. ARG (oRye Py HRARRIRY 11d O2Bchsr: S RAPo B it Sefried oo et
di f f racthi oexqnaplldser n aft er cal ci nation that has at |east one peak at a

a- \ ¢ e : \ : .
Suport P Lol MABNANRL i e 0 LR o
system 10 nidintdifRt (ud ahad ftentpeatid dnd predstie rforc O il I AQysival i ird\@hly [0 mg of the

conpr /51 ng PRty DmEcir v et iRl SRSl tua PR et
an organi ¢ va@®kaddslt insing wantpd, amb e rigterbl catzmilard tofi di-sigplether wasraddeds eBheareaction
non- | aygr e Yol a - Ie ' ajRtern
o ter 38 Rrodfir S0 hAed b P Eiboddias Gikbmbbripnd irdofo i Ul 8PCRRET
that 18 Angsteraoatyzedrelaive torthk itesniabutpntidvd. Theylovesy htrazdrbeaspyreos fiot andlyzed spheOmes s

for produci I .S | eed stream conprising
hydr ogen afﬁ%ﬂ?}ég%g&%ﬁg%?gg%Vgﬁtgg?gﬁ%%%énﬂgwr&ggbt i on zone nmai nt ai ned
at 20 conver si 0A- @ OnPiothrgvigo @l Cy | ‘dimrlef baaydtywast aalgplaced Uaeedadh @ fiktoeitéd
stream conprisi,ng hydrocarbons, wherein the catal yst conprises at |east one
catal yti c%ﬁ‘%‘@gﬁﬁ:%?&bﬁéﬁl b %ﬂ@ew Wé&%fﬁfﬁg’?‘ Qfﬁﬁmﬁ’ Hﬁﬁ%w‘eef%ww ous
SUPPOT 15 Whigdiiof ¥ Iekuhtearbaﬁlmifahremg@ém WEGHARE adthd e.ainag We nBRbd gpcﬁdaestgmgﬁ %e

| east one peak at" a d-spacing reater than 18 angstromunits. 2
process of (Wh/n) anthe shivisse i Fror the sbopg, alvylge ofmiphp wasobtning@ Same3nsgispleyed k dimple

Sontent | sAPROAUBBLY B Her "1 SBLer LRI R = 25 C ARG e
of clai m4Telket.ein the catal yst conprises 10 to 30 percent by weight of a
30 conbi nation of cobalt and r heniwﬁi@gﬁ rheni um content is from
about Q. 001 to about 1 percent by werght.
20 A, gi—MCM;Jl A stiff homogeneous gel was prepared by shaking Aerosil™ 200 SiQ,
(20 g), HyO (95.4 g) and a 50% NaOH solution (9.07 g) in a 500 mL polyolefin bottle. A solution of
dodecyltrimethylammovium bromide (51.39 g) in HyO (80.1 g) was added to the polyolefin bottle,
and the contents of the closed bottle were stitred with a magnetic stirver for 1 hour. Shaking may be
necessary to start the stirring. The product gel was poured into a Teflon® (polytetrafluoroethylene)
ﬁS bottle; the bottle was sealed and put into an oven at 95°C for 5 days. ‘The solids were filtered, washed
with hot water until foaming stopped and dried. The solids were then calcined in air at the following
according to the following schedule rates: from room temperature to 110°C at 10°C/min.; from
110°C to 200°C at 5°C/min.; and finally from 200°C to 550°C at 1°C/min., where it was held for
4 hours before cooling to room temperature. An X-ray diffraction pattern of a sample of the
30 recovered calcined solids showed it to have the MCM-41 structure with a peak at a d-spacing of
38 Angstroms. The Si-MCM-41 was used to prepare the catalyst described in Examples 110 9.
B. Al-MCM-41 A thin suspension of Aerosil™ 200 SiOy (10.1 g), HyO (40 g) and

tetramethylammoniumhydroxide (5.36 g, 25% in HyO) was prepared in a polyolefin bottle. The
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1 7. The process of claim4 wherein the catal yst conprises 10 to 30
percent by wei ght of a conbination of cobalt and platinum where the
platinumcontent is fromabout 0. 00l to about 1 percent by weight. 5 8.
The process of claim4 wherein the mesoporous support is SijMaHK2002. The
process of claim4 wherein the nesoporous support is A -MCW4I. 10 10. The
process of claim4 wherein the catalytic nmetal is selected fromthe group

consi sti Ng s@épehdich wasGeRed for 20inihs@s. , Toodedlukibn kmymetﬂyldmmommmmw %)

VTR R O e O R G T M A

conprises Mt $1@ﬁ]%&ﬂio§qm?stﬁbd ﬁ@@ﬁmb@yemmﬁnm iRplopdaiid (RYs74) wal QaBa 13

The process of clai wherein the catalytic netal conprises cobalt and
rut heni um t@Gheasipenbion eudristimiagl weo maistained fort 3 enimwdsal 't‘hea!mﬂupwwemumm i §rom

about 1Q t boiyt 30 I ght erce f t e tot ont ent . The
pr ogess of %ﬁﬁ?ﬁ“@'ﬁﬁ#&? h (‘,"BH"Z*I? a?‘t ?nméﬂﬁeﬂtat %&8@1% 0
about 1 wei3giays palr Tients. B siblids ﬂdneﬁmacewed)ﬁnﬂchca|dmoﬂnﬂcdfwutdﬂ(331,) adnqacuuai ng
one or k t Cs,
M. Ca. St %n%% “ﬁ%ﬁn d}\w%Fe &ugfémﬁwqﬁ{}ﬁaﬁﬁ% rﬁ@#%@ﬂoﬂgﬂ{re&ﬁ%&ﬁ ot
lr, Pt, Mn, IOBVmPL feomil IR?-,C toR9 0ot S’Fﬁmmp awkfinslly fiom 2005C ta S56°Gtd P@/min., Where it

cat al yti Calggy haa%\ﬁma%atmlosoxﬁskﬁe&ﬁampsraﬁmtn@xqa)omm&ma,hﬁﬂm 6pnsebal t,

rut henium and conbi nati ons t hereof wherein the one or nore 1

March 2802 ths m‘teadsca&ir@d sseli@c%hewedr deht“f?ethg MEM**&:owg'r 2Replyy abp dspacing af g
La, Ti, Zr 29&ngstidhs. Piib AIRICM-42 watuised Bprephda the Ciitalyst@escriied infExaipleand Ta. 17.

The process of claim 16 wherein the co t ent Ols the one or nore pronoters is
from5 about 0.001 to about 1 wei gtﬁ-ﬂ&@%’ t he support material. 18.
The process of claim 17 wherein the ERAMBEEYL netal is cobalt, the pronoter
i's rhenium and g RRMIPB k) WElﬁﬂfed 'vﬁmf:{noil?u&»t&?‘d&lué& $f0R&’§]9l{62§PmW§'r9my

percent. 10 19. The proceSs of claim 17 wherein the catal ytic netal
cobal t 15t hevaporamot dhe watepwas remomed wdet vatwomad 010  Bordried mategialf wag mlaibcauat 10

to about 395yl 1 W&ﬁﬂﬁum&ﬁ
.AL. ASl . Af 3. A A ASAF AfA R-AS3, A F. Al. A AA AA A Cia
The catalyst had a nominal composition of 5 wt. % Ru on Si-MCM-41.
EXAMPLE 2
Si-MCM-41 (1.8 g) was slurried with an aqueous solution of RuCly (0.36 g) in a rotary
20  evaporator. The water was removed under vacuum at 70°C. The dried material was calcined at
250°C under 1500 cc/minute of air.
The catalyst had a nominal composition of 10 wt. % Ru/Si-MCM-41.
EXAMPLE 3
Si-MCM-41 (2 g) was slurried with an aqueous solution of Co(NO3)7-6H0 (1.6g) in a
25 rotary evaporator.. The water was removed under vacuum at 70°C. The dried material was calcined
at 250°C under 1500 cc/minute of air. This material was slurried with an aqueous solution of

Co(NO3)2:6H20 (1.4 g) and Pt(NH3)4(NO3); (2.5 mg) in a rotary evaporator. The water was

removed under vacuum at 70°C. The dried material was calcined at 250°C under 1500 cc/minute of
air.
30 The catalyst had a nominal composition of 25 wt. % Co/0.08 wt. % Pt/Si-MCM-41.

XAMPLE 4
Si-MCM-41 (2 g) was slurried with an aqueOUs solution of Pt(NH3)4(NO3), (2.5 mg) The

water was removed under vacuum at 70°C. This material was slurried with an aqueous solution of

Co(NO3)9:6H20 (1.6 g) in a rotary evaporator. The water was removed under vacuum at 70°C. The

11



d/ 45 ODXZ] “"}wgke_ZS U] c™a] cal] cal] cal] caU] caU] cal] cal] ca
U] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
U] cral] cal] cal] c<al] ca"@7d/ v! ! " " #X$$$OB8&R1L" 3' (((() zt oi d XS] cal] cal] ca] caU

] ca] cal] cal] ca March 2002

;J% g; a] ca] calicfhss ahcalnrl s2sbeania 1 SRl mRkeaehs atlisalisdl é@ﬁmm calc
) i ) $i T) X) * -aqueeusolution of 1:4 g G4(NORR S HoQ 2Rk i ®BHGS poraterh ThiSkaterx@h omoved wdlés] ca] ¢
al cal Ca

U cna] cal] ¢atypw gt oG heoed mpteciavasgaleipe 2 230G wpden 1300 epminpte oAk 2] cay] cal] ca]

cal] ca] cal] ca66 ThSalySt ha € AeninilcondiBit@GRER BBRCIFCHXDE Wi HWASI-MCRB41.
U] c™a] cg] ca] cal] ca] caU] cal] ca] ca] caUFﬂmmsca] cal] ca] ca] ca] ca] cal] ca

Ul c”a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca

AHHE al |11 KK LLMeNEMO (13! g5 wid siditied JnihAd\idiedusZotueibi off Gd(CHED0)y-4H,0 (0.95 g)

U U] ca] cal] ca] cal] ca] caU] ca] cal] ca] ca

Ul c”a] c”a] dayretery cvperatdr.c Jhe apleh wpcrupied upden vicuam b fEG] cHiedipd apterid wa) caz)

{J][ D‘gi\gaU]l ?%McaﬁZ&pg%U]. o %?”@Q}!w)lﬂﬂo@}ﬁﬂlwlﬁm trhib A N dé6ithtell ERample SA. A portion

]U] c /L\J] a] c"a] ofitfiomatirieh(0} =) vas flusied with presptenssptigncefl oGl Da Pz (&4 eadica] ca
cal] c call cammmo YrfrrrfssXt cl]l=yto] i d

T onufla. Oheipretpe AR ko BiBaFO R YA A L bkt bl bl .

UJU]CAa} caﬂ eﬂiﬂﬂ]am}&ahﬁ&irmhm g daleivbd at 230°C udder-1500ccrminGidbeais nf * [ UOoj c] U] ¢

aU] ca] cal ca Na C caUl.ca U.c" alcla )\ ral cal ca

Ul cral] ca] cal] Ciﬂ%ﬁ?gﬁ?e omin lcompl‘g]slﬁon Jf&Swl%é‘g/&?lv?% ﬁﬂl&r-ﬁé&-ﬁ] U cal ca

Ul cral] ca] cal] ca!, . <C?sulLl p{t nhb] WoEKAMPLE®&aU] ca] caU] cal] cal] ca

U cnall cal cau) caPREs st Bt v o e 186 By SRR MY LR e ca
U ca Ups"aldidry blaporathic 2kfleGates as removed under vacuum at 70°C. The dried material was calcined
at 250°C under 1500 cc/minute of air. This material is designated Example 6B. A portion of this
material (0.85 g) was slurried with an acetone solution of Co(NO3)2:6HoO (0.60 g) and Ruacacs
(4 mg) in a rotary evaporator. The acetone was removed under vacuum at 70°C. The dried material

was calcined at 250°C under 1500 ce/minute of air.
20 The catalyst had a nominal composition of 25 wt. % Co/0.1 wt. % Ru/Si-MCM-41.

EXAMPLE 7
Example 5SA material (0.65g) was sluried with an aqueous solution of

Co(CH3C00)y4H20 (0.4 g) and RuCI3 (1.5 mg) in a rotary evaporator. The water was removed

under vacuum at 70°C. The dried material was calcined at 250°C under 1500 cc/minute of air.
25 The catalyst had a nominal composition of 25 wt. % Co/0.1 wt. % Ru/Si-MCM-41.
EXAMPLE 8

Example 6B material (0.9 g) was slurried with an aqueous solution of Co(NO3)y-6H,0O
(0.635 g) and RuCl3 (2 mg) in a rotary evaporator. The water was removed under vacuum at 70°C.

The dried material was calcined dt 250°C under 1500 cc/minute of air.
30 - The catalyst had a nominal composition of 25 wt, % Co/0.1 wt. % Ru/Si-MCM-41.

EXAMPLE 9
Si-MCM)-41 was dried at 200°C for 30 minutes under flowing Ny. It was then mixed

thoroughly with Cos(CO)g (0.2 g) in a glove box. This mixture of solids was placed into a tube

\
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U] c”a] c™a] cal] ca] caU] cal] ca

Ul cral] ca] cal] ca] cal] ca] ca" #ei * X} sN| wr rhc”YTU] U] ] ca] ca] ca] ca] ca] ca] ca] cal] c
a U c”ra]chalcalcalU c aUc aUca] caU ca]cal]ca

U] c”a] c”a] ca] cal] ca] cal] ca] cal] ca] cal] cai =PVYZ% n=$hkl . r u| YTU] U] ]
caj] ca] ca] ca] ca] ca] ca] ca]ca] ca IVIEYEI‘VQG&Z

U c”a] cha] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca

U] c*aU] ca] cfajlma])ca]ima}aabmb‘e #od removed from the glove box. It was then heated in a flow of He at

LESE) 9 S Rl i i

10% & () - M 10% &h¢ Jatalyis0Béd& npiinal composmon of 16 wt. % Co/Si-MCM-41,
z[9'a! #109%&' ()-m #10% 0& ()-m a! #10%@3&#10%&' ()-'al #10% & () -
10% & () - d/12345xmbCla"l 109%& ()- 1 MLO% & ()-, M 10% & () -
+#10% &5( )-): 10%@r99edg~ea*@\ytmﬁlm;to that of Example 9 except that the support was AL-MCM-41,
#1098 () - | 10%d aam@sfhame,maneampo;mmmm CHAEMEMAPE. () - 6Y$109%&! () - Dw
U3rTbC| S$10%&'()-|I S $10%& ( 10% ()-'a S $10%& ()-!'S
$109& () -! #10%&' () - XZ[\]"0~ —l ' 10%}&' ()-1109%& () - "310%&' ()- 10 10

10Y:s10%&' ()-!'@ S TABLEI 225°
$109%&' () - QDZ:Z[ 9~ =11\f$109%& ()-SI10%& (Y !%#10%&' ()-1110%e& ()-!"
#109KK&' () - M #100&' () -vp! " " #wX6~ =11 Nf - #109&™() - S

, 109%' ()- ! NNBSL0%& () - SICRBLOYE’ () - S! aphhiediy( ) - S! f f SIHRAE! () - SHXSSSOVRMA

%PBA! 101 1Tn}]Ru(s)/sx-lvxcm-41 17 0.87
2 Ru(10)/Si-MCM-41 652 0.90
3 Co(25)/P1(0.08)/Si-MCM-41 61 0.88
4 Co(25)/P(0.05)/Si-MCM-41 77 0.90
5 Co(25)/Ru(0.1)/Si-MCM-41 34 0.86
6  Co(25)/Ru(0.1)/Si-MCM-41 245 091
7 Co(25)/Ru(0.1)/Si-MCM-41 163 0.87
8  Co(25)/Ru(0.1)/Si-MCM-41 244 0.91
9 Co(16)/Si-MCM-41 163 0.86
10 Co(16)/Al-MCM-41 214 0.86

While a preferred embodiment of the present invention has been shown and described, it will
10  be understood that variations can be made to the preferred embodiment without departing from thé.
. 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
hereby incorporated herein by reference in their entirety. U.S Patent Application Ser. No.09/377,007,
15  entitled Fischer-Tropsch Processes Using Xerogel and Aerogel Catalysts, filed concurrently herewith
on August 18, 1999, and U.S, Patent Application No.09/377 Gugentitled Fischer-Tropsch Processes
Using Xerogel and Aerogel Catalysts by Destabilizing Aqueous Colloids, filed concurrently herewith
on August 18, 1999, are hereby iﬁcorporated herein by reference in their entirety.
U.S. Patent Application No. 09/314,921, eniii;led Fischer-Tropsch Processes and Catalysts
20  Using Fluorided Supports, filed May 19, 1999, U.S."Patent Application No, 09/314,920, entitled
Fischer-Tropsch Processes and Catalysts Using Fluorided Alumina Supports, filed May 19, 1999, and
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10t ! support, and reducing the impregnated support with a hydrogen-containing system.
10 2. Method of claim 1 further comprising oxidizing the impregnated support.
3. A method for preparing a Fischer-Tropsch catalyst comprising impregnating a support

with a solution of zero valent cobalt in an organic solvent and a promoter, wherein the support
comprises a non-layered mesoporous support that exhibits an X-ray diffraction pattern after
15 calcination that has at least one peak at a d-spacing of greater that 18 Angstrom units, and

drying the impregnated support.

4. A process for producing hydrocarbons, comprising contacting a feed stream
comprising hydrogen and carbon monoxide with a catalyst in a reaction zone maintained at
20  conversion-promoting conditions effective to produce an effluent stream comprising
hydrocarbons, wherein the catalyst comprises at least one catalytic metal for Fischer-Tropsch
reactions, and a nonlayered mesoporous support which exhibits an X-ray diffraction after

calcination that has at least one peak at a d-spacing of greater than 18 Angstrom units.

25 5. The process of claim 4 wherein the catalyst comprises 10 to 30 percent by weight of a
combination of cobalt and ruthenium, where the ruthenium content is from about 0. 001 to

about 1 percent by weight.

6. The process of claim 4 wherein the catalyst comprises 10 to 30 percent by weight of a
30  combination of cobalt and rhenium, where the rhenium content is from about 0. 001 to about 1

percent by weight.
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7. The process of claim 4 wherein the catalyst comprises 10 to 30 percent by weight of a
combination of cobalt and platinum, where the platinum content is from about 0. 001 to about 1

percent by weight.
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8. The process of claim 4 wherein the mesoporous support is Si-MCM-41.
9. The process of claim 4 wherein the mesoporous support is AI-MCM-41.

10 10. The process of claim 4 wherein the catalytic metal is selected from the group
consisting of iron, cobalt, nickel, and ruthenium.
11 The process of claim 10 wherein the support comprises a silica based mesophorous
M415 molecular sieve.
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12. The process of claim 10 wherein the support comprises MCM-41 in which some Si

atoms have been replaced by A1l atoms.

13. The process of claim 11 wherein the catalytic metal comprises cobalt and ruthenium,
20  and the combined content of the cobalt and ruthenium is from about 10 to about 30 weight

percent of the total metal content.

14. The process of claim 13 wherein the ruthenium content is from about 0.001 to about 1

weight percent.

25
15. The process of claim 11 further comprising one or more promoters selected from the
group consisting of Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Cu, Ag, Au, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta,
Rh, Pd, Os, Ir, Pt, Mn, B, P, and Re.

30 1le. The process of claim 15 wherein the catalytically active metal is selected from the

group consisting of cobalt, ruthenium, and combinations thereof, and wherein the one or more
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