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' BACKGROUND OF THE INVENTION

20 Large quantities of methane, the main component of natural gas, are available in many areas
of the world. Methane can be used as a starting material for the production of hydrocarbons. The
conversion of methane to hydrocarbons is typically carried out in two steps. In the first step methane
is reformed with water or partially oxidized with oxygen to produce carbon monoxide and hydrogen
(i.e., synthesis gas or syngas). In a second step, the syngas is converted to hydrocarbons.

25 The preparation of hydrocarbons from synthesis gas is well known in the art and is usually
referred to as Fischer-Tropsch synthesis, the Fischer-Tropsch process, or Fischer-Tropsch
reaction(s). Catalysts for use in such synthesis usually contain a catalytically active Group VIII
(CAS) metal. In 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

30  aprocess in which synthesis gas is converted to primarily hydrocarbons having five or more carbon
atoms (i.c., where the C5+ selectivity of the catalyst is high). Additionally, the catalysts often
contain one or more promoters and a support or catrier material. Rhenium is a widely used promoter.

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

produce a variety of products ranging from methane to higher aliphatic alcohols. The methanation

35  reaction was first described in the early 1900’s, and the later work by Fischer and Tropsch dealing
with higher hydrocarbon synthesis was described in the 1920’s.
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25  cobalt or ruthenium based catalysts in various reactor types, together with the development of catalyst
compositions and preparations.

There are significant differences in the molecular weight distributions of the hydrocarbon
products from Fischer-Tropsch reaction systems. Product distribution or product selectivity depends
heavily on the type and structure of the catalysts and on the reactor type and operating conditions.

30  Accordingly, it is highly desirable o 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.

U.S. Pat. No. 4,659,681 issued on Apr, 21, 1987, describes the laser synthesis of iron based
catalyst particles in the 1-100 micron particle size range for use in a slurry reactor for Fischer-

35  Tropsch synthesis.

Il



products from Fi scher-Tropsch reaction systens. Product distribution or

pr oduct selectivity depends heavily on the type and structure of the
cat al ysts andyg8@ei reactor type and operating conditions. §9U599,]889
Accordi ngly, i? ﬁ‘ Ighly desirable to maxinize thé selectivity of

Fi scher-T t.h | '
hydr ocar béﬁé’““ﬂ%ﬁ%-?%@%@lgeﬁﬁwsowvf e B8 Yoo R B s per
hydr ocar bot883mid A1.S. Pat. No. 4,681,867 issukdl G JuPal,. 19B%) desdrite50se6@8 bf caalysesfoowse Apa . 21,

1987, des C%@fﬂ sc%tkerr%%aﬁmﬁiéfs% Bich s}nﬁlfmé 4‘;9#3 séi@cﬁ@éi& r converted b {9 fﬂk% EroP oﬁxi cles

in the 1-1 cron e Sl ze range use ctor
Fi scher- 36f relafively satows warbononymper range. Reactions of the catalyst w1th air and water and

l2J s Pa§[ cl\ia(l)cmaEm are s%glgcﬁllggﬁgdeﬁ"io}% the N%ysépr@ﬂa%tx%ﬁoéeﬁﬁy eﬁlae(r?]:gta § are 2&wab1c986

4, 681, 867 msﬂsfu‘eérbwém by 12@10'1‘9'8‘7C°’d§sﬂ?°r Béluayglsmtwltﬂhaseat the gbgfnsfe 9%wr u'se
in a sl “(:Jtéiw( ﬁ@'&%fo&er@ﬁl‘ 3Perd°ﬁeﬁs%hér-"rr6’;‘$@éhci}n& éﬁé ns! Bave

sel ectively conver rocarbons [ ve y narrow
car bon nuntyeicallyabrge oxidesasizi, oﬁsa,aﬂumm titaniaq igeonia\gr tnhixtuies thmdf vitghess siliig- 5

cal ci nat | Ofhu, SPRAIEA Aot i Hedhthd Mroplif sifledlh JsbiioR LR Glak UeplaBE AUT €-

The catal ysts are activated In a fixed-bed reactor By reaction with

CO+ H[ &9 r ] opthp ghemical identity of thrymets] oxide support (5eele delesip 6t gl 1905 s1oh eomppteppjded

Cat al yst sne@@rafszata@&ts,ead & KSHevker 8041, p. 1215, New ik, MafBEDdkkéryInt.§) EBieprodiscts
hydr ocar bons silic al um na,

i cal | een ox
titania, FF&%%”X“B‘PEWF%?%@ Bﬂfav%(‘?’weé@g%?tq’?‘%eﬁ“mw“ b al unina). It
has been cl ai meu.st PaatNot 1¢77(395 dlhﬂcrsesTmthﬁﬁlﬂllnomt)tEIﬁMQIhsdrb@&mh sMeslscamwsyfoweakl y

dependent n. L hec entj. por t ee E

l gl esia et &‘glpmdﬁfc@@é“e(f%mw@pm gms’ aof“ ajm}ty S rie s m Sélaq% TSI \(J%ed E.
R Bec kﬁl’ bBit. Hb. 4,542,12?2515:103&)JQW,0VM df cotdRitiogib oDﬁlﬁKiQ ﬂxavxﬂg‘wpr):ferraa h@h@ﬁﬂdﬁl@ t$

pr epare S iese catal ysts usual Ly Y

nol ecul ar g@%@ diocarbn synthésls ca 'SaUIE’ &%04%(8 %f’s\é\% safa‘i?ﬂdg‘g fum

rut heni um catalyst Whm ﬂleasppan hgtmmMiaUmhpxsijmblyesalmnmafcalegmbmlb acasons. U.S. Pite
product i onygf B%EQ ffins
in the eN9 4%%8 Jilsélt%esq'lpafuwinaBX@ B'Qt%a‘{ﬁ(ﬁ ﬁgalézf@hgﬁéé %ﬁ'o ?f(i)‘gelfs a
cobalt or @tﬂsa IYB metal oxideseg. ,tthqrtaﬂﬁlaomwl’mt Ho. dﬁ%ﬁérdpse'dseﬁ asilien sypported ¢obelt t o

anat asgp agatdlysbigis %@ﬁ&oﬁmttﬂﬁﬂnﬁ nﬁlﬁhﬁhﬁéﬁ&/or chomiunf?al . No. 4,088, 671
di scl oses a cobal't-ruthen where the support can be

titani a but pre?P&r &8t Yo ésﬁ! Wi ‘H%l"ﬁﬁr“ é’&ﬂ‘i’% obglt gudopheniumy catalysty preferably

supported on alumina that is characterized by low acidity, high surface area, and high purity, which
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products. The amount of cobalt is most preferably about 10 to 40 wt % of the catalyst. The content

25  of rhenium is most preferably about 2 to 20 wt % of the cobalt content. Related U.S. Pat. No.

4,857,559 discloses a catalyst most preferably having 10 to 45 wt % cobalt and a rhenium content of

about 2 to 20 wt % of the cobalt content. In both of the above patents the method of depositing the
active metals and promoter on the alumina support is described as not critical.

U.S. Pat. No. 5,545,674 discloses a cobali-based catalyst wherein the active metal is

30  dispersed as a very thin film on the surface of a particulate support, preferably silica or titania or a
titania-containing support. The catalyst may be prepared by spray techniques.

U.S. Pat. No. 5,028,634 discloses supported cobalt-based catalysts, preferably supported on

high surface area aluminas. High surface area supports are said to be preferred because greater cobalt

dispersion can be achieved as cobalt is added, with less tendency for one crystal of cobalt to fall on

35  another crystal of cobalt. The cobalt loading on a titania support is preferably 10 to 25 wt %, while
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SUMMARY OF THE INVENTION

25 This invention provides a process and catalyst for producing hydrocarbons, and a method for
preparing the catalyst. The process comprises contacting a feed stream comprising hydrogen and
carbon monoxide with a catalyst in a reaction zone maintained at conversion-promoting conditions
effective to produce an effluent stream comprising hydrocarbons wherein the catalyst comprises a
catalytically active metal selected from the group consisting of iron, cobalt, nickel, ruthenium, and
30  combinations thereof dispersed in a matrix material comprising a derivative of a destabilized aquasol
comprising a colloidal oxide of a matrix metal selected from the group consisting of cerium,

zirconium, titanium, aluminum, silicon, and combinations thereof.
In accordance with this invention, another catalyst used in the process comprises a reduced
aerogel or xerogel formed from the destabilization of a colloidal mixture comprising a catalytically

35  active metal selected from the group consisting of iron, cobalt, nickel, ruthenium, aluminum, and
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4 hydrocarbons according to the process of this invention can be obtained ?rom light hydrocarbons such

as methane by means of steam reforming, partial oxidation, or other processes known in the art. The

hydrogen is preferably provided by free hydrogen, although some Fischer-Tropsch catalysts have

sufficient water gas shift activity to convert some water to hydrogen for use in the Fischer-Tropsch

25  process. It is preferred that the molar ratio of hydrogen to carbon monoxide in the feed be greater

than 0.5:1 (e.g., from about 0.67 to 2.5). When cobalt, nickel, and/or ruthenium catalysts are used,

the feed gas stream preferably contains hydrogen and carbon monoxide in a molar ratio of about 2:1.

When iron catalysts are used, the feed gas stream preferably contains hydrogen and carbon monoxide

in 2 molar ratio of about 0.67:1. The feed gas may also contain carbon dioxide. The feed gas stream

30  should contain a low concentration of compounds or elements that have a deleterious effect on the

catalyst, such as poisons. For example, the feed gas may need to be pre-treated to ensure that it

contains low concentrations of sulfur or nitrogen compounds, such as hydrogen sulfide, ammonia and
carbony] sulfides.

The feed gas is contacted with the catalyst in a reaction zone. Mechanical arrangements of

35  conventional design may be employed as the reaction zone including, for example, fixed bed,
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I nvention %ntglmstprmrms a process for produci ng hydrocarbons by contacting

a feed sstream QORRhdcREMR DE M CASRE RBE if Mid AVediBR IX kdCmMiit MattrimdwicSt 1N a
reacti on zone_nuai ntained at conversion-pronoting_ conditions effective to

produce arPserfaly derived fipm ahieash A soleida) °’E‘11Fea“ﬂfa?‘l9€'§’r $deaet onermetalplkoxide,andt ¢ hj s
I nvent i on vitichGhuafpafates b lé’ﬁﬂmbh’atdlﬁic ﬂ@taafoﬁmonérympsﬂfﬁmmd by a nethod

1) f I |1 oid
compr i oi ng. ( a) Adpfhe iRl vamdpy fswiamind P hBPodeE Wt B Y ESERIABAR, | ons
(e.g. at lisedeiveddiven thetdloids eded CThe drathevaunk wheallgmnmlsesdd%losmmg:yMexght, ofithe

cobal tyo nigiele e LLNRDL Ubreab) 0@ bS5k 0 il B3, GHLfp BLEC! o0

from the group t| ng cerrum oxl ZI r CONi um oxl hrum oxi de
and al umi ritawiuoxexide, ané/ndalmpmm nxifd t}ld(oet}onaliy silisqe pxide dotals from PYR tosH raale %  r om

the group p?&&?d ;ﬁhbﬂ%o% 89‘]1{093'): E)F{hg ]cata@t Qgﬁi)oértlog- ' MSR) Iﬂ‘ef@l@ﬂe Z{e(cg%))ﬁiaﬂonymer e

each R is an al’kyl group havi n from carbon atons; and (2) yi ng
the gel. Wherethe marvvaﬁsfrmox@ﬁﬁ juperide of hmgﬂqrﬁ‘efém"wnwlwwa@gm&esﬁes ‘hod for

pr epﬂi n? aanﬁu?s\lhex;emﬁfllq&gbmftaﬁwoyﬂenﬁmt | ms:ysgnﬁmr)e?natl ng a SUpporE with
a salt__of a catalytic ive al selected fr.o e _group consjsting
of irdn, cobal f* 8 |"E‘K31 d%?':ﬂf’?ﬁle”ﬁl“u "3}?0“% ?eﬁgﬂ’?“f)'ﬁ@ PH@P%&“&W&“ asﬂ‘

pronot er, prdsmt gélnare lgmed: ppOliduidonedinmi ssasllyowate) aidohylcorachnirteeaiineof UShestappor t

t hat exh| b.l Xl di ffr | at
| east one pe laﬁfscnbeg&m a Whrllcﬂq(ﬁep(8 be? grg%i ?J‘?’ﬁth’&%@m gip cr@gér% %ﬂlst H&t‘ap yissng t he-
i rrpregnatecbfsjh@)pmmlywﬂdwmmbmfmoﬁmri@ha{h}’dm port with a

hydr ogen- cont aisni figecpt it § 8l rom which thellﬂum%qumﬁsn Ribadi Iame.eg;nacea §
I nvention prow des a nethod for preparing a Fischer-Tro cataly

conpr i nd® eerERb GisStrRgige i cgwﬁis?dtanmewwas'y&%dcﬁ@tfm%g ﬂ\?évféﬁﬁf teewm tin
an or gani Gorse! i dbcun @€l thed 11361 TOfembved MR Db as ﬁ@usw@mmd eVapuigé M gel BON-

e o TSR PR b S o s ke KL e £ g 3L
Angst r om gpuuet. SAs evagbratioy icorgintes,ahd mmsegmaaedtosthqopbquy, compressive forces build up
around its perimeter, and the perimeter contracts, drawing the gel body inward. Eventually, surface
25  tension causes significant collapse of the gel body and a reduction of volume, often as much as two-
thirds or more of the original volume. This shrinkage causes a significant reduction in the porosity,
often as much as 90 to 95 percent depending on the system and pore sizes.
In ;:onu'ast, an "aerogel" is a gel from which the liquid has been removed in such a way as to
prevent significant collapse or change in the structure as liquid is removed. This is typically
30  accomplished by heating the liquid-filled gel in an autoclave while maintaining the prevailing
pressure above the vapor pressure of the liquid until the critical temperature of the liquid has been
exceeded, and then gradually releasing the vapor, usually by gradually reducing the pressure either
incrementally or continuously, while maintaining the temperature above the critical temperature. The
critical temperature is the temperature above which it is impossible to liquefy a gas, regardless of
35 how much pressure is applied. At temperatures above the critical temperature, the distinction

between liquid and gas phases disappears and so do the physical manifestations of the gas/liquid
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5a DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
feed gases charged to the process of the invention conprise hydrogen, or a
hydr ogen sour gy, 4carbon nmonoxide. Herr]/CO m xtures sui rcqmsggn% 952
feedst ock for conversion to hydrocar bons according to the process of this

t b b d f | i d h t
of "t eam r SRGPHE i BEAPRraT! B HTHET Bees, A58 B B PUEEo LEE HAMAE R ar
The hydr ogeml hencepmocshefica lidnyiopfooes ld@dlldp;e the geb Soytda pro@ss, mayl be haymedh"sapenaeitical
Fi scher-T b t
7 soher T QRagl SahEhY el apULILE ke WHkAl OB A b
i s preferr &am9e 9§tmema¢1“mat io of hydrogen to carbon nonoxide in the
feed besgreat er yf fafraficoofthis ﬁwgmon gﬁeMQﬁHrgagtc%taﬂ &llgld@nay MG £RAE

ni ckel , and/or_ ruthenium catal ysts are used, gas stream prefeéerably
cont ai ns hyyiesalar prappring the @pls-ndhes Felieids r‘f“’h’d?rﬁ?llﬁ’rda‘ra&‘l“?"éi’ wis: spligidpl cpria sols,\\hen

iron catal )é&llo‘idaﬁﬁnﬂ:ohﬁ& @6ls ot thar fn&ﬁﬁ'esg ahe ShlloRBNMIOR 2 Wk%ll? @Wdilabias Therslrregen

and carbon rati f about_ Q. 67; S ma,y al so
Cont an_oaABo ool obrrieete saiB, A8 ARESh, P BAIRR Gl Jemiony

concentr at |\mmum§1mp0m&mepande%mﬁm; $935h€blldiafoﬁnmodhbﬂ¢msreitlcwﬁudm‘aﬁ@cindon

t he catgl yst, .suc eed to be
pro- ¢ 1 40t e of BifiPR ol Shipsicg FrosP8 ot pebRbhipl: it BB fi b8 47

ni trogen ccprepmus adtbng;hnwmlmimugeno sublutiaheof mtefrevalest mumaalb(folwwed by

sul fi des. t tﬂ?xéﬁ ction
zone. Mec hg tiona(;rj%kg e@n‘g}?%@s&é‘%gge%ﬁ%ogﬁ%%ﬁd& ss})gﬁan% e err%ral@’sgedgs t he
reaction zé‘PFb“UP PPEYPUEI‘P%@ Ceriym oxide pah kan bepropared Yycdialysis of a solution of ceric ammpripnli zed
bed, sl urryigakase, sl urry bubbl e col um or ebullating bed reactors, anong
ot hers may be ed. Accordingly, the size and physical formof t he
catal ydf part i CPEQmﬁ‘ﬁVIIW&YV‘aH%ﬁE‘ﬁHﬂ?Tg s!fh Fh@methy"’“msﬂﬁ%taﬁ? Tygorh oBg#nig hey

are to be us@ste esters, can Beaisad. Y Hbwéve£ Ridrgahic Qilkoxides can be prepared AyCRAnpaNRaks. Of

t h.e catal yigcasmp"fesseigch!l& Jxrgtlztsrealct?%e tzler%nv eISlt rEtha nglt ﬁols in SQ Ipxi'aelsence o} g qu’éagle
catalyst; and the reaction of metal halides with alcohols. Alkoxy derivatives can be synthesized by
the reaction of the alkoxide with alcohol in a ligand interchange reaction. Direct reactions of metal
20  dialkamides with alcohol also form alkoxide derivatives. Additional examples are disclosed in D. C.

Bradley et al., “Metal Alkoxides” (Academic Press, 1978).
In a preferred embodiment of the process of this invention, pre-formed colloidal sols in
water, or aguasols, are used. The aquasols are comprised of colloidal particles ranéing in size from 2
to 50 nanometers. In general, the smaller primary particle sizes (2 to 5 nm) are preferred. The pre-
25  formed colloids contain from 10 to 35 weight % of colloidal oxides or other materials, depending on
the method of stabilization. Generally, after addition of the active (for Fischer-Tropsch reactions,
either as a catalyst or promoter) metal components, the final de-stabilized colloids can possess from

~ about 1 to 35 weight % solids, preferably from about 1 to 20 weight %.

The colloidal oxides or their mixtures are destabilized during the addition of soluble salts of
30 the primary and promoter cation species by the addition of acids or bases or by solvent removal, both
of which alter pH. These changes modify the colloidal particle’s electrical double layer. Each
colloidal particle possesses a double layer when suspended in a liquid medium. For instance, a
negatively charged colloid causes some of the positive ions to form a firmly attached layer around the
surface of a colloid. Additional positive ions are still attracted by the negative colloid, but now they
35  are repelled by the primary positive layer as well as the positive ions, and form a diffuse layer of

counterions. The primary layer and the diffuse layer are referred to as the double layer. The
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essentially derived fromat |east one colloidal oxide and optionally at

| east one netal al koxide, and whi ch incorporates at |east one
catal ytic ne flﬁ; Fi scher-Tropsch reacti ons. Amtrix is a
skeletal fra %t oxi des and oxyhydr oxi des which in thé’cﬂl@%’é‘ﬁ?gs

I nvention I's derived fromthe colloids used. The framework typically
conpri ses '@9oRcisp Ao eolioigy toygithemassloppraten@oqeplate andtrageinitatela pry Belyraesizp 3R | on.
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from99.0° 3 g o ot g e ok =R gl R ospetTatom
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Matrixsl s ceri gbm( Othe reiclkd LA M@xé&%‘ et on?acm{,ﬁ%e‘é‘:?@{w' Sl umand,

al um num oxi de ure ereln B ratio is
bet ween amllnﬁngsa@nmbwen}urfagﬁunctlonal groups, such ag irfa¢relydrivey sl emordubdd this a

coherent, yfegof, 1th t&ifoi dﬂ Qﬁ&xsﬁrg Bﬂémﬂ?lsﬁﬂi@rhht@rogﬁ&}ﬁg Epe[rs]_ s of oxrdes a?xﬁ Qaent gels

ar e fOI’I’T’Ed I'n a ICIUI |um usua wat er m Xt ure

t her eof . ¥PFEics iy sofvents, are degtphilized fo Prerb'swqﬂexésl B4 ?e$tw1mqahs meleceﬁdn demeyr o
filled w tched byt RdifdH If ¥olIs 2R k.., aﬁbrmewsmcmeﬁoﬁm change theqsnama tHeligfit

DL el encof S VR b el 3 o W SRk i

r epl aced b&n@s@&&ral@@ccombﬂymdlﬁdm oftsbleblé saltsi i penerai, thisCio p’ﬁfeﬁﬁdi 6¥ir sokétnt he

porosity reduce I fi.cantl urf nsi rc hat

oo oo TRV SeRed i bts.of s abalE g1 o BiR ek BBl desmpiizg BESTRIBN |
a gel at however, vayjregecextrenas ip (sucht drsepHcm t:mhsetﬂecqubtmt and precipitatioa.c Eoit ensi on
creates C HAG3Y6n, Hgﬂ'r&%koi’ffbﬁ%iﬁﬁut??‘{)sﬁgenemu As evaporation continues,

the nenisci retre re55|ve forces build up

around3i ts per Theopedivm ytiliged; ip @‘%ﬂl!?q"'??é% 'a,wa% agyeatst althoygh aoy-sayequp eollgids casody

i nward. Eyggbéiaded.y Thesadtiftioket méal or ﬁoegaﬁiceag&@st(sgwm BMRY, ICoaR préitdras@ Of the
gel body ten as mnmu as two- - thirds or

nd ction of vol une,
nmore of t%@“‘gi’f’é‘ﬁﬂ‘g '“%Iaﬂﬁf%p"a‘fﬁﬂ?m?ﬁ?‘hmé@'?mtsdﬁ s a significant reduction "

in the porositRemoval of solvést domatbe galscdan &8 a8Omplish&itbypeyeral mieticid) eRethavg tyn t he
system angacp e‘aﬁyﬁn o geaﬂxgsm ir results in the fohgati%ﬁ) Qita{ :%ﬁoéel an aergfe gﬂﬁé mater%al gangel

from whi ch een renove vent
si gni B0 catypicelby heafpmedbycl@rmgea paqsstuiiped e)tstemc,smrae ara@ttrclaqm I@ sprge mww This

| 1YDi CaldknBhbich m&&hﬁ%pyelmﬂﬁeum@ h&a bd wuxskaﬂgeh w2l aGRh-aloRN

aut ocl ave while nmainfainingt prevai | ressure abgve the vapor
pressure @ﬂ*vefﬂmgwr focfipegeritigl vresselv?e%xmm c%lﬁ S?‘!éﬁ'?b@F‘ét“ﬁ‘ﬁéelth“thH%fWﬁ‘df‘ fehas
been praétice GEE ehveritiol ist phRed araaduadldvy, witeciticah 1bg) cddﬂﬁte&a/ﬁtﬁlh ﬂuidlSdbasH gs by

dual | 1 | | I
whi 16 e AR B R e G ar  Eae § avmevecoa e v drsply &Y o Bl
critigal umeilphe ls@ltrw B nb mgheelhgemwathym saiammcalvﬂuldh Ini gerformingrthio s:s:abﬂoe to
li quety Qg r%lée? Sxéaxe%a ?nous ?IQWS Rélﬁﬁdg i ﬁelk LrifkdaP kekn%g'atuét ang

ove cri t ween

terrperatur era i nct1on
l'i quid am#egus pllia:setstadcresatbpeaﬂqombdnsswpdsd terFlpm?s flgerbchinmomethandsateigans of

the gas/l{Qiieh 1 (ccLF), 12 (CCLF,) or 114 (CCIF,CCIF,), ammonia and carbon dioxide are all suitable O

for this process. Typically, the extraction fluids are gases at atmospheric conditions, so that pore
30 collapse due to the capillary forces at the liquid/solid interface is avoided during drying. The
material dried under supercritical conditions will, in most cases, possess a higher surface area than
the materials dried by other means,
Catalytically Active Metals
Another component of the catalyst of the present invention is the catalytic metal. The
35 catalytic metal is preferably selected from iron, cobalt, nickel and/or ruthenium. Normally, the metal
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interface. In the absence of an interface between |iquid and gas phases,
there is no surface tension ~and hence no surface tension forces to
col | apse the @@loonggsh a process may be termed "supercriti Calepuses 8895
drying. " Aerogels produced by supercritical drying typically ﬁave
porosities, on t

o Che. pr atuioutnten e Sopdt or e, s foeey o pPuck pBFH Metah sy cRiFy b ay
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addi tion of
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negati vel ynﬁimgﬂdmﬁaﬁ hef@li abhn SR e OFEmRfurd I SiliAShd AlSinkrP BiddsO form a
firmy attached }éea al ound%p . surface of @ col | oid. Additiagnal
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di f fuse Iaf/'g{ra{’%#%&?%@é?gléﬁ‘sft f’fgu'feﬁ'e oubl e layer. The

Process and Conditions

Typically, at least 2 portion of the metal(s) of the catalytic metal component (a) of the
catalysts of the present invention is present in a reduced state (i.e., in the metallic state). Therefore, it
35  isnormally advantageous to activate the catalyst prior to use by a reduction treatment, in the presence

of hydrogen at an elevated temperature. Typically, the catalyst is treated with hydrogen at a
9



tendencies of a colloid to either agglonerate (flocculate and precipitate)

or pol ynerize when destabilized will depend on the propert | es of
thi s doubl e jhe double layer, and resulting tic
forces can bﬁmc}wfl ed by altering the ionic environnent, or ﬁjlrgigg%?l&%w d

COnC et i o g R 5 850 S0k Ul LRl Sk Lot
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Destabilization is | nduced cases, t1on

sol ubl e shpwly spacg. Ve’eﬁFyor‘ii‘HE@ cﬁ“’ nfegqtian @nemhchmgemmfe i apkPut he
ionic 10 lommanﬁaluﬁggatﬂﬁ {vﬂmﬁb aBols @@wm&; prbaemslpﬁnﬁcm& 366\/Rjy aci ds
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(r]I errgval | Q&m%agod"ty Pr@feﬁbiy,r 0 Geachidn 2000 SfRfud £ d;o@veﬁbﬁbﬂr?d&nga&ldhﬁnﬂﬁf(ad tﬁ
estahilize the c ver arge extr s.in suc

as pH%Z) wﬂamgsm# Gt @H“tgg%%p&é%ﬁefﬂnf’ £9ne RFesSEEg s typically in ‘f‘ﬁF”Qg"‘r eason,

a pH r angef abbutf80 psig €458 kiPa) B abeut B000 psig) G IPla), yre&fﬂbfyeﬁ‘dnem psik%653 kPa) to about The

Tof o B b e S LISRAS bR b 3018 Gpos bl 13l NBFGRINECLS

col | oi ds I 'norgani
(e.g., _sa[itsésbﬂ'a)Ru Co or pronoters) used shoul d be soluble in the
appropri at e acpg %m@ﬂd,eﬁqm?%ﬁ,e@eI%,aa&g'va;l have 2 great range of xﬁasm&glweg&ssol vent.

fromthe gels can be acco sever al t hods.  Renoval
vacuun® dr yyriepliptheratbon n'gnhewa%aepf ﬂl@ereqlwcghymc%rms w&lrsmar Bethage and cxatﬂwgm An

aer ogel thgtlﬂﬁts {asasearamalﬁyme:aqmlytsisyfvo&adolt}é 10 caktRndpe nwecﬁbam Pcds isd | t
pressurized, system_suc n, aut ocl ave n sone cases, sol ven
(whi o raPoyseiagy SR fon kg SoMpore Je YRk S Poraop B0t SRR U b &
non- aqueoalz:ve-referencsmrefm sgace wlociy) temip@ratne ahd presailre pnges areewpleyetly act i on. The

sol vent - cont ai g},g\/\g}ihgﬁ}f,oc a\%{,ﬁﬁﬁ\% 4 if hel\Gaction zone R ig’gf?ég{“{,‘\l;lpﬁida f1 ui d-

invention is p ace I'n~an ere It can be co
above29t sphase produgtsi atlthaha@ewmmm@gmddlmres Siheraforey the| efifingitrireann of the

super o | kdon bl el bOYB! ALl IELinTRAGS W v phast Bllbes. DSl vent

IS no Ionger bei ng extracted u ercrl performng this
ext r act i offfluent stream of tie seaction zsm %rbeg‘éa'edmfm faf °°"9ﬁ’F4"6'b of @FWH& apoptsh e

utilized efthylrdeirtone irdtpassed me‘oamf-mmtrsapamﬂn zone sepanﬁf@&ﬁdlfq&ld and~@por phédeance,

Freon _ 117P0eR; 4P et Pise Bt mey Prrerd o a5 ideeed RRlis Boreefidh |

anmmonls asiditiosal thsadrodrlmxs dﬁealiﬁldaihhsemmabﬁm the 1n1t1alfvapor-ﬂlt[m¢ sqparatiaszone,

(hat por erogthe? i Ao el d sl SoBDE Sonl TG b ol GRS, , O°

i nt er f aceTypicaby @i smmlng @elhmuy ischmplopied fn‘qtﬁe remove hght hydrocarbons such as pmpane and
butane. The remaining hydrocarbons may be passed into a fractionation column where they are

separated by boiling point range into products such as naphtha, kerosene and fuel oils. Hydrocarbons
30  recovered from the reaction zone and having a boiling point above that of the desired products may
be passed into conventional processing equipment such as a hydrocracking zone in order to reduce
their molecular weight. The gas phase recovered from the reactor zone effluent stream after
hydrocarbon recovery may be partially recycled if it contains a sufficient quantity of hydrogen and/or
carbon monoxide.
35 Without further elaboration, it is believed that one skilled in the art can, using the description

herein, utilize the present invention to its fullest extent. The following embodiments are to be
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material dried under supercritical 'co'nditi:ons will, in nost cases, possess
a higher surface area than the materials dried by other neans.

Catal ytically Met al s Anot her conponent Js? X al yst
of the pr esen?valc‘;nventlon is the catalytic metal. The 35 cgtggfy ?c!ﬁ%et al
I.s preferably sel ec ed from.iron, cobalt, nickel %nd/or r.ut heni um

Nor mal | y +3§) 1 lustratwe, and not as constraining the scope of the present invention in any way

8 whatsoevercOMponent ‘on the support or matrix: i s reduced to provide
el emental netal (e.g., elemental i roﬁ%&%?y cobal t, nickel and/or

rut henium before use. The catal yst tain a catal ytically effective
anount of the netal conponent Gederal Pygredurk For Batth-Teatst al yst conpri ses from
about 051 to 50 nole % (as the netal) of total supported iron,
cobal t, nickel and/or rutheniumper total noles of catalytic 5 netal and
matri x netal (i Eachofthe catglyst samplesyas gragtedsyith hydrogencpriph fouse pothe Hiseher-Tropich 50
mle %  reaction. The camlﬁa@ianp%f wés%ceaml s\ﬂan GquirR cAkibleGRA chinbésar dufidi Widlual | y

or in conbination, (ch%a cobalt and rut henium In one preferred
enbodi ment 30¢semKd3x 30 EmY/Dmitesn et wamiturperaBrrfer aninytes Thewmple s then heated 50

ol e per cephaePhoPscaR (T 2866 ﬁms)(?lgdrg at i°c¢lﬁlﬂuté HHD@*@ A g rboid“f%r bt fygRi UM
content is from about Q about ‘gercent preferred

are enfiBdi Faf caalygsevere thendeated 3ol Gmings o "é%%c 1'6‘ held: ¢ A905 r‘r‘eﬁ"fﬁ"’t’ﬂ“‘&“ Fager| x of

titani um oXpd@em (&M 1O %BAE hydfdgtt fmém&medaver@cdmeatmﬁd@gencae& kgL RAth
al um num oxi des, or a m xture of titani um and al um num oxi des

I'n anot her Pfosdeforpsenhodi ment, the catalysts of the present invention may
conprise one orA2mL prdﬁi‘ﬁe@ﬁmvisl Hemted atluitheF RS TSun@ér 1000Hstg @S KPRPWHS0Ot hose
skilled in the art. Wen the catalytic netal is I ron, cobalt, nickel

and/ or r ut K&hiandmaistaned B that gmparatesragd pressirgder lhour. dn 8 typisaldutnaeughly $8meaf o d
fromthe 1%e hyﬁfo@éipcaﬁwaﬁbﬂtllrﬂgopﬁ-oﬁr@ s bdied PG} vemdl.alAgtel dneShour, Pd& reai&or Rb

Cs G ,
& . S ER DI i o o S feri Stangped of st R i TOBeARR ] ¢
(i.e., Ti, pduands ahi‘abyzed@h @mHPGSBO gﬁtchﬂo&at()graph Hy&fpcaansalnche'Fatg oﬁhﬁ G?lewex’é’d

CE, an addl ti not er s
f or t he coﬁﬁﬁme‘éﬁ&f%’r m%ﬁﬁ‘ﬁ&’ﬁ?‘&ﬁl“&ﬁe g’é E@"%’?’B?ﬁs npt ana ze%‘lsf“"e eyare 7y,
Hf . Rh, Pdmafked bj' the sdPent dﬂ&arelhbo vofﬁttd asﬂ(gg prkdﬁurelredﬁcedand Ta Pr ef er abl y, any

addi ti qpal pro 0 t e alysts ected fro
o s B P Rfi Bty o' Ciihoudk SRR o e Bish St 1 O PeB PR 1
i f present prddﬁcﬁomf fld, rc&qy%%cﬂs P& kg AN catdfht PRINBurYoThe logarithidl FtiS Rkt from

2to 5 nole % Mre preferably, the catal ysts conprise fromabout 5 to
about fraction for each carbon number In(W,/n) was plotted as the ordinate vs. number of carbon atoms in

(W,/n) as the abscissa. From the slope, a value of alpha was obtained. Some runs displayed a double

alpha as shown in the tables. The results of runs over a variety of catalysts at 225°C are shown
25 Table 1.
Catalyst Preparation
The catalyst compositions are given in atomic ratios except where otherwise noted.
EXAMPLE 1
To a 150 mL petri dish, ruthenium (III) chloride (17.525mL of a 0.1151 M aqueous
30  solution), cobalt (II) chloride (18.154 mL of a 1.0 M aqueous solution) and colloidal alumina sol
(4.321 mL, 4.668 M or 20 wt. %) were simultaneously combined. The pH of the alumina sol was 4.0.
The pH of the resultant mixture, after addition of the reagents, was approximately 1.37. At that point
the colloid was destabilized to form a dark gel-like material. The material was aged for five days
before drying under vacuum at 150°C for 5 hours.
35 The final xerogel had a nominal composition of Ru (0.05)/Co (0.45)/Al (0.5).
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50 nol e percent of a conbination of cobalt and rhenium where the rhenium
content is from about 0.001 to about 5 nole percent and catal ysts

conpri sing f&ﬁb@ﬁ oyt S to about 50 nole percent a 25 T&. dR3Rs0f
cobalt and bo eni um and rut heni um where the rheni um an enr um

t oget her total fromabout 0.0 I3‘:bout 5 nol e percent. Preferabl y;
t hese conbi nations are conbined wt matrix of titani um oxide,
ceri um oxi de, alouarilﬁmml,m'trdd;sh,amﬂiemumr(ﬁI)onfhlouéaf i(UIr&Samﬂ ofl arrti.lrlﬁrhMoa'dudmhs a

mxture of ofu don oH&H aﬂ hlaru'il ReRa rgt)él &:ﬁz-s 47, %OX g O]aqueous Tofd

al umi num oxi S 77 Fepa n|)on may
vary anongnd hﬂfdiﬂas Klninin@ Qoli (n.zkmLaﬂss Mlepﬂndﬂ. %gwaﬂ SImlﬂﬁﬁeoﬁSX)&mﬁ{bﬁaedln I he

d tal yst i cl ' Th Ki I ' t | ect
e o S s, B30 E B PRl o S B b fpCRita ! o
Process artdfopoadarkiraigsl-like material. The materibl/pas@gdd fyr, fiva days before deyingmnder evuwh t he

met'al (s) qf 14PerEdhalytic netal component (a) of the catal ysts of the
present invention is present in a reduced state (i.e., in the netallic

state). Ther ef Jhefinal xerggs! had jp gomipa! eerpogitienRuA0425¥ 60 P 14@/%9 P& 0495k
catalyst prior to use by a reductroMm&.;rgent in the presence of

hydrogen at an_ el evated tenperature. Typircally, the catal IS treated
WI th El)pdrogen Jp 3, 150mL petri dish, ruthenium- (Pﬁ? chlonde (16641 mL of a 1151M aqueous

solution), cobd () RhiBridé! Rxdhikirktd) ECJ 001723900 80 Wb M Rfubdus Jshutda) about
500[err]C for about 0.5 to abog(%r&24 rﬁ%ﬁ?? at a pressure of al)out 1

to about 78d gelleidalPejpming yol (b3 mIxeh66B M ors20vt; %) Were simadienepyshyrcombingd. nma | as

wel | secofi stép, B10X6 ME. &r 811 nhrrﬂe&xgmu@muﬁm. {ztsolﬁﬁﬁ RHORIGAE THelbMEEN. The
anount of hydrogen nmay range from about 1% to about 100% by vol une.

5 was dastabiligedsio Homm a7 dagk ted teeliko owatsriali The pgletial ey agedfor fvealayshefarnuous

mode. 4lsn tdtynegmgewu{“ggﬂgg@fmshom hourly space vel oci ty through t he
reaction Zone typically ranq? from

vol umes/ hour / vah¢, figal c’iﬂ"’&?ly’!%‘ g gomip \FPmPQﬁ‘t'abGﬁtRul@ Oﬂﬂfd(ce/(ﬂfwmpfwyﬁbbr y
from aboutw.3§ v/ hr/v to about 2,000 v/hr/v. The reaction zone

tenperature is typically in the ra about 160[err]Cto about
300[err]C. Preferably, the reactiomggé operated at conversion

pronoti ng condiTbiaohs0 ral. pifdi dislerrmhemumr(m chloxide abéﬂltmngﬁ[aeﬂrl]ﬁ'@Mcnqadowt

about B M B o bR e RATRIL I Bl Rl 67 LAY il 0 48R poion)

psi ]9 ( Ggi? akd’&)llotd@l #hanivid sol (4.103 mI§AG6PNI & 9(04&.%) ké?a)nmuhndmslylcbhbmm el a
1 10 £ 0 [ . 2858
prerera )éécom{ s ggp#ﬁlé fl a })gisaq[%o(:s soq)&a Fnlrbzfligm%'ﬂf weAx‘e QddpdS | fhe. cﬂlou?]was( a

kPa) . res e process w
gr eat r andestabflizedoto dorol aaiarkwed geHlike materxal The matenal was aged for five days before drying
under vacuum at 150°C for 5 hours.
25 The final xerogel had a nominal composition of Ru (0.0475)/Co (0.4275)/Rb (0.05)/Al
(0.475).
EXAMPLE 5
To a 150 mL petri dish, ruthenium (JII) chloride (17.072mL of a 0.1151 M aqueous

solution), cobalt (I) chloride hexahydrate (CoCl,#6H,0, 17.685 mL of a 1.0 M aqueous solution)
30 and colloidal alumina sol (4.209 mL, 4.668 M or 20 wt. %) were simultaneously combined. In a
second step, 1.034 mL of a 2.0 M aqueous sodium chloride solution were added. The colloid was
destabilized to form a dark red gel-like material. The material was aged for five days before drying

under vacuum at 150°C for 5 hours.
The final xerogel had a nominal composition Ru (0.0475)/Co (0.4275)/Na (0.05)/Al (0.475).
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15 Typically, the carbon nunber range of the product hydrocarbons will
start at nethane and continue to . the limts observabl e by nodern

anal ysi s, abowb‘,?,Q 4#€ 100 carbons per nolecule. The process ppfussonsses
particularly use u‘f for maki ng hydrocarbons having five or nore carbon
atons, especially when the ab - renced preferred space velocity,
tenperature and pressure ranges are . The w de range
of hydrocar bonsTprotiladd petri- dishe rutieniin () zoloddew(17072yhicfed 0yt 17N cagolecus qui d
20 phase u . ' ragg candi &4 r.ef ore,
the ef 1 achioih T it SaahRE: CRE.GHET TR QULAM Bheond SBUEARI 2.
st ream i nchridddoligidaliatjiminh soh ¢.202 @l 4668NCor[R00A.I6) Were Sirmiltaneously d@mbinednin £t ream

of the geactian, zo y ooled to effect..t condensat i on addi.t i onal
rount 53 esbr e {6 TR0 8 S sl ities AECHBPST it 1P PRl
zone separ whs degtabilizzdito fpon ¢ radngdl-lilepoterioh Sfhe material wap nged fort fve dffsdbefomepbyinphase
mat eri al depﬁc&%%nggbq#ﬁehg?é_econd stage of cooling for recovery of 25

addi ti onal "hydrocar bons. I'qui d phase material fromthe initial

vapor - | i qui d sePer final gurogdrhad a nominal tcompasitien ofliRuh(04Y5)Coq(9i4@7 /Ko (B.Q2)/Al
subsequent(@ﬁgﬁration zone, may be fed into a fractionation col um.
Typically, a stripping colum is enployed first to renpove |ight
hydrocdbons such as propane and  EXAMELEde The renmaining hydrocarbons
lr)rayl be passed iTd @ B50fmiIa@étriOdish lrﬂﬁbnﬁﬂihﬂﬂﬁc%ﬁdﬁe(ﬁth%mﬁf& a 0.1151 éﬁ?@aéloa; _eld by
oi ling point, range into products, suc s_nhapht ha, kerosepe an uel oils.
Fy i ocar boften) el B BHEHS Promirr GO Rt Hagn | LOR LAt FAM 1 BFIanhg

poi Nt abov gqt RAabidA anntife Qﬁf%‘i_.fo@%!.? G @EG & 5B, %) were sifIBRORELolBinG. In a
conventi onal processing Le?ff:]w prent such as_a hydrocracki n&dzone In _order to

reduce secondnitspy 2,940 BE f 4,0 Muanvgps. cexipia chigadeiqlution were addste dThe caliqid pas

r eact oll5 z 08&tabilikdd46 Firm irédRMil@intaiial. The matoydl Waciped R fiveda9s/ fofe dfing Bfder

partially rec%lgl Eig Jd‘f ighcont ains a sufficient quantity of hydrogen and/ or

carbon non@¥PgRat13gClorShours.—  \vi hout further el aboration, it is believed

t hat one ski | | eThel findl herogelthad aannomisdl regmpdaitionl @ Rui (FL0KTF)/Co (0.427IVKr €1.05)/Al

utilize th@.@ f—Jsent I nvention to its fullest extent. The follow ng

enbodi nent$ are to be

10- construed as il | usEXAMPLB8 and not as constraining the

scope 9§ the prgsedleods @ikl f? PutheRindh M1) Whdbride (4.951 A ASEMS an aqueous solution

EXAMPLES . .. Ceneral Procedure For Bat

Tests 5 ofcobalt(D chloride 22783 gk, 4 M) tetragthyloptbpsilicate o} 1248 pked and,0cT imd of pHogiflal

hydr ogen palugina k6l (205@. Yowérd Contbire8 R 150 fLjJREHish under an inert atmosphere. In a second
step, aqueous HCI (0.288 mL, 1.0 M) was added with swirling. The final pH of the mixture was 1.51.

A red homogeneous, clear gel formed after several hours. The material was aged for four days, and

ch

25  dried under vacuum at 120°C for § hours.
The final xerogel had a nominal composition of Ru (0.01)/Co (0.4)/Al (0.059)/Si (0.531).
EXAMPLE 9
An aqueous solution of ruthenium (III) chloride (5.202 mL, 0.1151 M), an aqueous solution
of cobalt (Il) chloride (23.950 mL, 1 M), tetraethylorthosilicate (60 volume % solution in absolute
30  ethanol, 1.313 mL) and 6.811 mL of colloidal alumina sol (4.668 M or 20 wt. %) were combined in a
150 mL petri dish under an inert atmosphere. In a second step, aqueous HCI (2.724 mL, 1.0 M) was
added with swirling. The final pH of the mixture was 1.00. A red-brown homogeneous, clear gel
formed after the addition of the reagents, which destabilize the gel. The material was aged for four
days, and dried under vacuum at 120°C for 5 hours.
35 The final xerogel had a nominal composition of Ru (0.01)/Co (0.4)/Al (0.531)/Si (0.059).
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reaction. The catal yst sanple was placed in a small quartz crucible in a

chanber and purged with 500 sccm (8.3 x 10[err] nferr]/s) nitrogen at .

roomtenpera 15 m nutes. The sanple was then heate der 100
scem (1.7 x @rlﬁ’?’ﬁn{ err]/s) hydrogen at 1l[err]C/ mnute t CI@ST%'P%?C and.
held at 100[err]C for one hour. 10 __ The catal ysts were then heated at
1lferr]C mnute to 400[err]C and helwerr] C for four hours under

100 sccm (1.7 XAnkgpeotis Johutibe 6f rhthenjunh iy chipeiBe (STISEmEA0TPISE M) VRl aqued GOdoRMoh N

hyd d d.wi.th ' f . . 2 mL
oY csonro JEEBY G onlthid' 2306 mi ") NS PR B tBbicet slymipe 5ot (4568067 ey
of H2: CO 20wt. %) ¥é&@e tpmbined e IH0ailnestti dish indet as depetedsphees. alnck gresiswepe for 1
hour. Isn ﬁg&exxy fel 3B, ?th.ing}/XndBQ.lﬁgﬂzl?Iof%ﬁM]%olmﬂf BiufihieY Glbertld | ML

of n-octane was ad ; Vesse er one hour, the reactor
vessel wagtabiligadbreserpddedawith sining), Thenfipah pH of thermigiureswasefdr ot derk red-brown
di - n- but y hgh&iRheod@ el dttlarwheh aBstabRddit By addition ofdhORhigehts Ve AdidHal wahe@) an

HP6890 gas. chr gnat ogr.aph. drocarbons in the range of Clerr]-Cerr] were
anal yzed AQFYr oS ap df'%é‘"?’“:‘%’éf‘%?” qg%‘ﬂé?‘d‘.‘“'The | ower hydrocar bons were not

anal yzed si nceThéd sl sefdgel had a nonilis$ bodipodijon RAG0.6DICOF0E)/Z2 (0059)/8] (81531, vent ed as
t he prigssure I s reduced. 20 r‘-’é@ﬁéﬁ”] Productivity (g

C err]7hour/kg catal yst) was cal cu d on the integrated

producti on of Ahewq@foes sdlutich euf rrjthémjuniy Gn cldonids (18.780agl,0d.116 M 12260pdr ofiour .
The | ogari 4 [ r ' for.

In(Werr] f ﬁ&m\ﬂafgzsm‘ﬁﬂ&%éﬂ2§7t ’e3'%3r6 |Ln§tféglk\g}ga.l aﬁ&#@%ﬁ%?%@?ﬁoﬂ%@ﬁ?ﬁ n

(W err]/ np3asmbnf I sagheoys CoClyeShh@ Iveeres tagpbined dn aal S0 mLopetrh dish anden an dimrtai ned.

Some runs _di spl ay oubl . al pha, a hown .i.n th bl es. . The
results o?gnroffg' rebf/ig? %'éaq\’/’ O Jie gy wag g%5?§%3@°%'%??wa eelgﬁ%%wfsn 25
Tabl e 13. aged for four day.s, a.nd dried underva.cuum at.120°C for 5.hours. . Cat al yst Preparati on
The catalyst cofgfiat leidfhadd fonfkat Shpbstio RAW.65)/CHlol 198 BHEHPK (AR5, Of herwi se

not ed.
To a 150 L petri dish, rutheni um EXAMPIEA2,r| de (17.525 nl of a 0.1151 M

aqueous 30  spah Whkedld sohidR I truthdnium @) cHlbrktR ((4.880]4 075Dk, 2360 ) sUeouUs

wer e, ot mFRRRErEns B PALTM T Sans ur. orsblnhl e i AgolpPgowe o - T

pH of 20 he weresainbiasd inra 60 wilepetridisheunderchli iherOaimcsphdrd) eInr eseepmd ts@p, 4323 mL of

i 1.37.. t h i nt . | |.0id. d j | t
200" 0! 12 e s e 4P oD MBS PSR S 1
bef ore dr jheRfxthid 4@s 1.9 CAl bRbrdwn homdgRfidohsclbd lgelForiedll Bhe nthterial was aged for fokrh €
final xergg,elmpgt%d%npom nal at(i%ge%srisg on of Ru (0.05)/Co (0.45)/A (0.5).

N er vacuum ours.
The final xerogel had a nominal composition of Ru (0.05)/Ni (0.1)/Ce (0.425)/Al (0.425).
25 EXAMPLE 13
An aqueous solution of ruthenium (III) chloride (3.00 mL, 0.1151 M), 20.701 mL of colloidal
cerium oxide (1,4177 M), 6.287 mL of colloidal alumina sol (4.668 M or 20 wt. %), and 10.013 mL
of 1.0 M aqueous cobalt chloride hexahydrate solution (CoCl,e6H,0) were combined in a 150 mL
petri dish under an inert atmosphere. The final pH of the mixture was 1.97. A dark gel-like material
30 formed. The material was aged for four days, and dried under vacuum at 120°C for 5 hours.
The final xerogel had a nominal composition of Ru (0.005)/Co (0.145)/Ce (0.425)/Al (0.425).
EXAMPLE 14
An aqueous solution of ruthenium (III) chloride (18.78 mL, 0.1151 M), 12.960 mL of
colloidal cerium oxide (1.4177 M), 3.936 mL of colloidal alumina sol (4.668 M or 20 wt. %), and
35 2.162mL of 1.0 M aqueous cobalt chloride hexahydrate solution (CoCl,e6H,0) were combined in a
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EXAVPLE 2 To a 150mL petri dish, ruthenium (111) chloride
(17.357m. of a 0.1151M aqueous ; solutlon) cobalt (Il1) chloride

hexahydrate (woGhif@ed]16H err]O 17.960 nL of a 1.0 M aqueougc.? )
and col | oi dal alum na sol (4 280 nmL, 4.668 Mor 20 wt. %9 we /%éb%s&@

si mul ta”e%ﬁhgt ,g?r“"&isﬂ‘%ﬂ aénos hﬁ%cng sSdoff ste Spt9249?mﬂ1'0(§qu%qlilem? Gf S um

chl oride so n was a ded he co was de orm a
dark red crbloridé kajutinat @liGls6H,O)fweersradded.i The fisal pHgddhe mixti was 834:s Abgel-tike

e b, beraf AR o s v g o fottety i oty iy ploonG g g ey ||

(0.495). The final xerogel had a nominal composition of Ru (0.05)/Co (0.050/NE¥0NSHCE (B425PAl

To a 130 qb ﬁtrl dish, ruthenium (l11) chloride (16.641 nL of a 0.1151 M
aqueous sol uti on) cobalt (I1) chloride hexahydrate
(CoCl[err]6Herr]O 17239 nL of a 1ENAMELE&Sous sol ution) and

col | oi dal al Ummaﬁﬁbus(élﬁ%oﬁhtheﬂruﬁ)6§ﬂ6iv£lﬁ6ndgq1y‘539 LVa1¢s 53%9,0&! l'y

conbined. In a second ste ueous ithiumnitrate

(Li NO er r |9eleids! gerjugroxide (b4 a@and 72 mloofceliailal alumina s s“%l%‘tf&BM‘ i"DPre o

forma darcl"sm'bﬂdd &eA 1590in SpeiRliSH dridbr- an ThES AMREsBcke? | In WaScoRDRSh, 16154 hiv 6F 418X
before 15 dry under vacuum at 15Q[err|C faor

final er o?g!éwumlak%%?rmeﬁ%wmeéﬂﬁ&:ﬁ'f‘z%ﬁ"em adgded. (The éaggﬂ"é&w(*e‘x‘awlla“-

(0.05)/ Al p gel-like (eRteAdi Tormed. The matenal was aged for four days, and dried under vacuum at ﬁ20°C
EXAVPLE 4 To petri dish, Futhenium (111) chlori de

(16. 641 nifopthayrsg 1151 M aqueous 20 soI ution), cobalt (11) chioride
hexahydr at e ( CofGk Figélibrodl Rdd'alnednindicop&itivh ou @. oi)/m (Msawa@@mm @d.ashi on)

and col |l oi dal alum na sol (4.103 n1_! 4. 6&3 M or % were

si mul t aneously conbined. In a t ep, 2 016 m. of a | M aqueous

sol utiBn of r ubirdaquevusi mruﬁbmoﬂ\mlenmﬂdem) cli[dsmlec(d)d 046imlL, W0ei1451 M), 11 Maﬂabﬂ i zed

to forma c%ﬁ&hal c%gung%lu Jl %e \év%cs)baﬁ%%% & hexaly Le days
i i%’d'r il 54

The

before dry The
final xer cﬂgblhom@ﬂ)%om mte cgtobmdsn ailf0hmb i:etrl dish under an mert atmosphere The final

Ru(0.0475)/ 4275) / 05

EXANPLE 5 biF o e mixhind wad k. O ok el v V¥ et a1 Py 4ol 89 e
(17. 072 nidried usdefvabiibnd atV20°C it Shiodrs. sol ution), cobalt (I I'1) chloride

h h 7. 685. m I 30
nexahygly a1 e ( ok RRASLOLE Bel Gk Bt gfly oy QhaRTeLE, o' vt o

si mul t aneously conbined. In a
TABLE 1 (225°C)

Ex, cnt
No. Catalyst Productivity Alpha

1 Ru(0.05)/Co (0.45)/Al (0.5) 368 0.88

2 Ru(0.0495)/Co (0.445)/Cs (0.01)/Al (0.495) 153 0.8

3 Ru(0.0475)/Co (0.4275)/Li (0.05)/Al (0.475) 208 0.78

4 Ru (0.0475)/Co (0.4275)/Rb (0.05)/Al (0.475) 260 0.8

5 Ru (0.0475)/Co (0.4275)/Na (0.05)/Al1 (0.475) 256 0.77

6  Ru (0.0475)/Co (0.4275)/K (0.05)/A1 (0.475) 166 0.76

7  Ru(0.0475)/Co (0.4275)/Cs (0.05)/Al (0.475) 159 0.81

8  Ru(0.01)/Co (0.4)/Al (0.059)/Si (0.531) 110 0.78/0.92
9  Ru(0.01)/Co (0.4)/A1 (0.531)/Si (0.059) 88 0.79/0.89
10 Ru (0.01)/Co (0.4)/Zr (0.059)/Al (0.531) 69 0.77/0.39
11 Ru(0.05)/Ce (0.425)/Al (0.425) 53 0.78/0.9
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second step, 1.034 nL of a 2.0 M aqueous sodi um chl ori de sol ution were

added. The colloid vvas destabilized to forma dark red gel -1 i ke
material. Th @ was aged for five days before dryi n%
vacuum at 15(§Ter rn]% for 5 hours The fi nal 55@159%%?895

Egm nal corrp05|t| o%%)/& (01)/ e20425)/Al?042% 5)/ Na (O. 05)/AI (0, 47%LE .
To a 150 nlL peisr i Ral{(0005)/Cox0N43)i0s10.425)/A)(082)ori de (17. 072 nlL @fsia 0.1151 M

(Gt Tor 1 on i BB BN tice GRBIIEREE SOl T by 02 g

col | oi dal al uniSnaRe@05)Mi (RB/Cel(0.29)/ABEB25M or 20 wt. 9% Were si0fdl t aneously
conbi ned. In 034 nL of 2.0 M aq us p ssi um
chloride (KGO soRa{o8yes avebest O3 o o qmtm zed to

forma red gel-like material. The material was aged for five days before
drying UM%aifx@ﬁmn%dl;ré:QL?ﬁE ]ngse;nﬂﬁveﬁndﬂqﬁwl% en shown and descnbed iyl final
xerogel had a nom nal conposition of (0 75)/.Co (O, )/ K D. 05)/AI
(0. 475) . be) understood that variations can be made to the preferred embodiment WlthOlE

To a 150 edeppet, rdnd Ghhdh, aré idialnt /15, (Hel prose@hih@htiche F&Gaxﬁﬂﬁ;e,rﬂae e&uca‘ré)aﬂdwl M
aqueou t| 0 & ‘mﬂfl t (ﬁﬁ‘;é‘ chl ori de hexahydr ate
(Cod [grr]"%ﬂ"é'P?']‘% 214§ ifigd 4nd mamﬁgm@zﬂw on) and

col | oi dal aI urmrea:omplete(dihclbﬁhﬂesmtan patdaiSpaldnDdocitfientsf and Yhblicstions Gitedhhibreinageous!| y

nbi ned. —a hl ori de -
col ut i on EPachush by erRRS I pitk e S illCleoh ol SEANGCLD 05 g O e

gel -1 i ke Fisther-Trapsch ProgessestUsingay eragelsand dierdesl (ratalyisty.cand 318 Piserft dypplicatign $rg. under

vacuum at §350[ er r ] Gufiddy Using Catalvsi€onl SR a
nom nal clc;lg’rp—"‘r"om |onngf ﬁsc scggmesses smf75a/% &% i sapiRhs %6475)

EXAVPHE g filpd concurrently herew:t&rpnafqla% 199 ‘Hﬂ"’éﬂ’%‘?“’@ﬁ‘?ﬁ‘éhﬁfﬂwl( {efer'an%mﬂefm de
(4.951 mlientideyt 151 M, an aqueous sol ution

U.S. Patent Application No. 09/314,921, entitled Fischer-Tropsch Processe's and Catalysts

Using Flunorided 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

15  U.S. Patent Application No. 09/314,811, entitled Fischer-Tropsch Processes and Catalysts With
Promoters, filed May 19, 1999, are hereby incorporated herein by reference in their entirety.

The foregoing detailed description and examples have been given for clarity of understanding

only. No unnecessary limitations are to be understood therefrom. The invention is not limited to the

exact details shown and described, for variations obvious to one skilled in the art will be included

20  within the invention by the claims.
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of cobalt (I1) chloride (22.793 ni, | , t'ﬂl‘"ﬁm*mmmml cate (11.248

m.) and 0.72 nlL of coll oi dal -al um na re conbined in

a 150 nlL pet nyo@bfdrednder an inert at m)sphere “I'n*a &ecbnd 99 kE

aqueous HCO (0.288 nm., 1.0 M was added with swirling. The flnaF pH of the

m xture was 1.51. A red hormger&%uﬁs clear gel forned after several
rdays,

hours. The material was aged for fou and 25 dried under vacuum at
120[ err] C for 8. houAsprocess for producing hyﬂrmathaak:owmgemmgaa rferdli #feeam

conposi ti ngﬂ{sxdguhfd%gm)aﬁ@ars& fhbhoide (\Qiﬂaoé%l{a?h #0a Selctloh- zone maintained at

EXAMPLE 9 aqueous solution of ruthenium (I 11) chloride
(5.202 nL covewm?rqwotmaﬁpn&we@cﬁfsc% tQuprpdige an efflueng streamy sqmpriging) bydroparbang,q

(23. 958 mwherkin'Vhe cata®ist cdeip hseh REdudmaRally aﬁ@kene(aﬁ&m@h oM tikbgsdup YbrisiRfing 0T uabs olute

50 w0 St Mikehonstiupning comomaib et SimBErd & EEH AN RLotHEpRE o O

at nospher derivativioofasiesatdlizd equasobeprprising 4-Kdlloidd .oXidd ofd matdix Meth) seleetsd from the added
ith swirl -

horogene o Eous eprbifing drdeun? bt Lol i, U cotoliipp b,

whi ch dest abi | 2ze t Rke pretess dfrpdpimd tvheiein thevmetria guatbriflgoontens | of the catalystdsfrom and

dri ed ygndeg, a‘ggngbg&tl},glgfe bkdfc fOr 5 hours. 35 The fi nal
xer ogel had0 nom nal §S| tni on of Ru (0.01)/Co (0.4)/A (0.531)/Si
(0. 059) . 3. The process of claim 2 wherein the matrix ‘material content of the catalystjig from

EXAMPLE 1Qbout50t085molepe,ce,ﬁn aqueous sol uti on of rut henium (111) chloride
(5.062 nm., 0.1151 an aqueous soI ti,on | t ) .chloride
(23.306 i, 1 é; Nlhﬁhe BTo8%y ofClaip 2 Wherejp Jhg "‘éﬁ"ﬁirﬁ‘ﬁﬂ ‘§<§F‘at %’8@ fF group

20 wt. 9% cuﬁisﬁng:mhinmﬂmhmmaalﬂxﬁ&mrhncpﬁﬂbinaﬁbnshemmer an |nert at nosphere.
In a %Cond st %p, ?he roC sd% cfaacgtwggrsm?fge ma'&l* {n%lgpllsa natlons oqjtl euaP%“dtzhO45

M colToidal zi'fconium oXi Were a
swWirling. akiminui, aed thedtoroif ratih ef titaniumto@luyirmmlis 6m abﬂnutﬁaﬁmo plwdt 3 lown

homogeneous gelg for ﬁgprmgbﬂﬁ% QJthje Qﬂi: Qi g}tl%‘ﬂy ek Heﬁpco(ﬂfpnyg FrolSRIENT S-

The material was aged our dried under "vacuum at
120[err] COFUPngﬁlﬁme§eﬂt°fﬂlemamxmetalaﬂd SW‘MFOIR'@PeégeI had a nomi nal

conposi tion Ru7(0. Ofhd S;chﬁpof@aélizﬁ %%95@ datdlytibdty 2étivd Inetall &mprises from about
EXAMP s sol ution, of _ruthenium III) chlori de

11 ue
(18. 7 10“0501%1%“3“‘1%“%‘6"&“%#“““‘3 lystastal eprdiped-cer i um oxi de (1.4177 M),
3.936 nL of col8l oi dxhe pbtess staclaid 7 whéremGle ddtalytically adtive niétal caitises cobalt and

ruthenium and wherein the content of the catalytically active metal comprises from about 5 to 50
mole percent of the matrix metal and catalyst metal combined.

0. The process of claim 8 wherein the ruthenium content is from about 0.001 to about S

25  mole percent of the matrix metal and catalyst metal combined.

10. The process of claim 9 wherein the matrix metal is selected from the group
consisting of titanium, cerium, aluminum, a mixture of cerium and aluminum, a mixture of silicon
and aluminum, and a mixture of titanium and aluminum.

11. The process of claim 1 wherein the catalyst comprises one or more promoters

30 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.

12, The process of claim 11 wherein the promoter comprises from about 0.001 to 20
mole percent of the total metal content.

13. The process of claim 12 wherein the promoter comprises from about 2 to 5 mole

35  percent of the total metal content.
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4.323 nL of 1 M aqueous CoCI[er err]Owere conbined in a 150 nL petri
di sh under an inert at m)t[, ,”M”z”m” pH of the nixture was 1.32.
A gel -1ike formed. Th aged for and
dri ed under va'gﬁdtﬂl?ﬁ%é‘t 120C for 5 hour's. The ?CH&S9&1@¥9ége had

B AL 10 PR AR R it 0 A o R et (st b e | e
(18. 780 nis, rhéhiutnl Séheredn, thé’ Sonthiiiad wbbalbnd rhenium Mﬂténo isciedm abeuti lmrtb @koutl 60 mbled 177
(I\:%}rbﬁzgd?)?e%g&t %%r&ﬁ%egl,?a:n&iﬁle g‘r%i'l"un e?engﬁhf ner @9&{' tgalf?er e. ]? Ple{ge"tz(e} $n g
step, 4. 3R%lmptalof 1.0 M aqueous nickel chlori de hexahydr at e

(N C [err]6H efsr 1 O 1@ tocid 9 daithf 12 Rvnsidhnthd ﬂ?&not&h?rh@ﬁxfﬁltheoédmgfned f]ontent oft NE

m xture was 1.32. A red-brown honogeneous, clear forme terial
was aged fbpitryhgnium, and thepippis from gbay 104 “Wﬁ@rm‘?)a&!i‘ifﬂﬁ» apd thexgmbineg contenfo | s .
The fi nal oﬁﬁnﬁgﬁndmnamnemmmouamwms:hmapbr&fn Ru (0.05)/N (0.1)/ Ce
(0.425)/A (0. %25) nim. 1 . XAMPLE
13 ’E‘ad’é‘ifﬁ? S otaie grvisrein et mete] i jelests? cf‘n”f"d@"(%""@o n,
0. 1151 Mqonﬂﬁmi@inﬁhmmf cegiOth) dhintimim, a2 mixture@E cérini O iathainuib, 4 nfxfurb/f sificod87 ni,
of cold oi dal.. al 0 Qw. 9%, and 10.013 nL oflO
M aquie(%)usg@(‘)‘l')ﬁ'll'i‘i ﬂﬁaﬁn%m(eégx qm’(}jﬂ?ngtaleu%sgfnut ion (CoC[err]6Herr]O were
conbi ned in a 150 rfihe process ofpémmulsdwlsteuuﬂuenauaznmenbm sefected fiomethe .grobipe f i nal
PH Of 1t Necoiitind o 1ihfiim o, shnflfin 2 Gikrive! ok Cerf i il o nﬁ,e.s.@Ffism&ne
materi al was aged for four days, dried under vacuum at 120[err]C for
hours.  andaluminum, and'PH’E"tP‘ieﬁ'é‘l“‘“}%'é’i‘ﬁ’Qél"mﬁ‘&ﬂ‘ a nom nal conposition of Ru

( 0. 005)/ Co (0.1345) /AGasché- ’ﬂ'ggﬁa}{oﬁhlyﬁthnﬂﬁ-ﬁ% a reduced aero el or xerogel formed from the

ueous .SO ut| rut chl ori de
(16 7 i destghifzpion qf coljojdad gardis cgprisig 4 ““@@F*ﬁ'éﬁ“ﬁfﬁ’r’“l‘?‘é e @1 Ty )
3. 936 nl whsiging bhirabatobalt, mnskél,aumﬁ:hun{, Alu®Bm)\nd lcoiiinatibns théreof M@ cdllddal sa?. 162 ni
of 1.0 M AWRAMR ol Uakord bl bid o BRALR P ochilln SO, Rl i 1 )
150 nL peﬁlrcpn,@néwm!rmmm&mevﬁ\ert at nosphere. In a second step, 2.162 nL of

| M aqueous nijgkel The catalysCdtcinl SvhaRinihd &mlé%gnksé&rbﬁﬁ[&mdb@samer e added.

The final pH of the m xture was 1.34. A gel-|
20. The catalyst of claim 19 wherein the soluble salt comprises one or more chlorides or

nitrates of one or more catalytically active metals,

21. The catalyst of claim 18 wherein the colloidal mixture further comprises one or more
inorganic alkoxides selected from the group consisting of AI(OR);, Si(OR),, Ti(OR)s and Zr(OR),,
where each R is an alkyl group having from 1 to 6 carbon atoms.

25 22, The catalyst of claim 18 wherein the matrix metal content of the catalyst is from
about 99.9 to about 35 mole percent.

23, The catalyst of claim 22 wherein the matrix metal content of the catalyst is from
about 50 to 85 mole percent.

24. The catalyst of claim 23 wherein the matrix metal is selected from the group

30  consisting of cerium, titanium, aluminum, and combinations thereof.

25. The catalyst of claim 24 wherein the matrix metal is a combination of titanium or
silicon and aluminum, and the atomic ratio of titanium or silicon to aluminum is from about 5:95 to
about 95:1.

26. The catalyst of claim 18 wherein the catalytically active metal comprises from about

35  0.1to 50 mole percent of the matrix metal and catalyst metal combined.

18

1 FW:



[

i nal i f Ru (0.05)/Co (0.050fNi*(G. Ce (0.
?8_m42§) | CONMPOZblpb/AfHed ( ) ( ' e xg Wﬁéﬁ%@nsw_‘é

A |yt i f t henj I hl ori d 15.5394 nl,. 0..115 ,
o 000U 20! 41Oyl TN ek 5L R o o
col | oi dal 16kas0male papdent of the Btrivinetal £ catalyst detalwombined.: conmbined in a 150 nL

etri dish undgg ani . al M
20 aqueous n?#:'kel %ﬁ%&f%%ﬁ%ﬁ%“ﬁ ﬁf’ %‘fl{ar r ISG Hcﬁteﬁgim(g)jcgn\/\é‘rg gs Ja{;h%}g%'.d The
final pH @ythenfum srdovherein the gontentof the catalytically agtive-matal eompsisesrfrom alfogt Hite S0The

nmaterial Wak REEH of B nla@btimeBPM catAPH midfal RehbinBeier vacuum at 120[err] C
for 5 hours. i na xertggel had a nom nal conpasition of Ru

he f
(0.05)/Ni (O. 433./ OeTbemaE};'fQoAglawsz\y)e?em ruthenium content is from about 0.001 to about
EXAVPLE 18 nide percent of the mafNx nitthllfid\¢6tal§@ néfal sombimed.r ut heni um (111) chloride

(14.046 L, 0.1151 , 11.40 . oCOlloidal, cerju xide (1.4177 M
G 14,550 i 8- 1. Ok szt gt <R3 ovhemringF e pany firilet B g ring o
(Cod [ er r koddisdng pfQlitaniemcceciombalnsioum,z mixhisd ofrkeripmt and atlirddumyaod a mirtutensfr t

at nosphere, JThe final pH of the m xture was 1.51. A gel-like
materﬁgl %gp;rlr;g‘&“]a?ﬂ%mnmé‘terial was aged for four days, and dri ed under
vacuum at 120[ 8k.r ] CTheoratdysho{i¢laim P8 wherein the catalyphconipriseg| ong or anped promdters

nom nal - cQImasy fd GiSlinB 9t NEK, ®8; dMe8a, 60 -B3) €, Ag, A, Sc, Y, La, Ti, Zr.
TABLE 1 (225[err C)°g°u&b"'“g NP%, 6 M8 BBl o, Ap, v, 6, Y, L, Ti, 21
qerr] Hf, ,Nb, a,%Pd,OS,Ir,Pt,Mn,B,P,andRe. Cat al yst

Productivity 32Al pitge catalyst of claim 31 wherelRUthé ?m%ae.t Ednpkishs 4rdhi AHout §od) to 20

it s T, e g

368 08588 2 Ru (0.0495)/Co (0.445)/Cs (0.01)/A (0. 495)
153 15 @ofg percent of the total mgtal copignty o 0475)/ Co (0. 4275)/Li (0.05)/ Al (0. 475)
208 0.7833.  The catalyst éf claitiR32 (WheRh i) premotecohiprib /i 4boutQ5o/ Pmole0. 475)
260 0, 5 Ru (0.0475)/Co (0.4275)/ Na (0.05)/Al (0. 475)
256 PO of tho total metal contght. - (0. 0475)/ Co (0.4275)/K (0.05)/Al (0.475)
166 0. 76 34.  The catalystdf claimy B2(whe@inhs) da@lyti¢ally 4QivSinétalss ¢dbalf) Bhe/pidmctd. 475)
159 iOrhBrlium, wherein the comBined dabhlf fhd MenfufiPeohidntd (:9:{%%343%? 1)
110 _'0. 787085 Wherein the combingd cavql ?0.91%/%’0 'Zto.ﬁ'f’m 0. 551 %%05'%'.%059)
88 2. 7@prgeng of the total metal, and thehenjign qoptent i framabopr 0001 so-abews Saupde pergent(af thg3 1)
69 0. 778 o 11 Ru (0.05)/Ce (0.425)/Al (0.425)

53 0.78/0. 935. The catalyst of claim 32 wherein the promoter is rhenium, the combined content of

cobalt, ruthenium, and rhenium is from about 10 to about 50 mole percent, and the combined content
of rhenium and ruthenium is from about 0.001 to 5 mole percent.

25 36. The catalyst of claim 34 wherein the matrix metal is selected from the group
consisting of titanium, cerium, aluminum, a mixture of cerium and aluminum, and a mixture of
titanium and aluminum.

37. The catalyst of claim 35 wherein the matrix metal is selected from the group
consisting of titanium, cerium, aluminum, a mixture of cerium and aluminum, and a mixture of

30 titanium and aluminum.

38. A method for preparing a Fischer-Tropsch catalyst comprising mixing a colloidal sol
of an oxide of a metal selected from the group consisting of cerium, zirconium, titanjum, aluminum,
silicon, and combinations thereof with a soluble salt of one or more catalytically active metals
selected from the group consisting of iron, cobalt, nickel, and ruthenium, destabilizing the colloid to

35 form a gel, and removing solvent from the gel.
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15 12 ' . Ce (0.425)/ A (0.425)
6 0.76/0.9 1 I ” . u 0.145)/Ce (0.425)/ A
(0.425) 1 0.8 ¢ L wm s +14 Ru (0.0 050/ Ni
(0.05)/ Ce (0.%3%‘5’?“131' (0. 425) 13 0.83 PerilRobfygth |
g_g ngj/ (Nb (()g) 71 / 08 O'e _5 /ofb%gégs goégprising removing solvent fror]ﬁ%he gel under(\)/?aczgl},\,—)

(
0.81 40. The\ilettod ofclghn 89 eonmpeisingagingaherpelnt of t he present invention
4

has been shown,and i dtewil L. . stood that variations
can be made to l?he @’%e eg’f’gg%laéﬁﬁ%%&ﬂ"lﬁgﬂ?gr\?\?‘icwgﬁie%g%rti ng fromthe

scope of, and 4#hi chlhemecthod of elaimedit comprisingredusing thercatalyst\ie ahydsegen-Fontainizganpl e,
the styucty/s and 5  conposition of the catalyst can be nodified and the
process steps can be varied. . The conpl ete di scl osures of all
patents, patent3-docthesrsthed ofglaim Al whareinthe splublecsalf is @ chigrideiopnifrate

i ncor porated byg.r gf'ﬂfe%ﬂﬁd bfblziri{hs# em@ﬂiiﬁgrh&tstabnmg%d%anamy \A@migimoaﬁﬂ.ondSer-
No. , entitle Fi scher-Tropsch Processes i ng Xerogel an

Nt 5gsTCat al ySt o, T o8 OB 8 PRSI sy Hom e ¢ by Sopereita
entitled Extmettoar - Tr opsch Processes Using Catal ysts on Mesoporous Supports,
bot h fileg concurrently. herew th August %gl 1999 .are hereb

i ncor [})gr at ed hgsr‘ ein f/“ eﬁ‘gﬁi %%lc e éy‘l\g'\fﬁer?’h@??“pﬂgr%ml Eh |'%ne‘f°?7' prises fhe Use'or ore

U. S. Pat est mppéstraction oftuidiosele0®d Jibrh, G2 Jgroup ntongistiegl ofFi ClliFe ICChHFp (BGIRCRIFacesses
and Cat al : It | uori ded Supports, filed May 19, 1999, U.S.

Pat ent App |§g§t’f‘gnwﬁot’§&8%?£14,_920, entitled Fi scher - Tropsch_ Processes
and Cat al ysts 4%si ngfhrimsthod abelaim A¢rromerisng sesypipg the patplyy invp hydiagen-qopginingang 15
U. S. Pat egteappl i cati on No. 09/314,811, entitled Fischer-Tropsch Processes

and alysts Wth Pr ters, filed May 19, 1999 are hereb

i ncorcg%r ated H ei @BW?‘@FQ%S’E?&% Sgrf"l“ﬁ’é’i'qg n Fr“g"t 9".]1]"“‘“[ sof with at le"s‘y?’ﬁe

f or egoi nQindghrms dlleskiddaslestédofrond the gvtlp eonsistigad AINORY;, BifOR),JTiI(OR); amk ZrdRY,,i t y of
under st andj ng . only. No unnecessary limtations are to be understood
t her ef ronwh%@clr%m%%"ghh‘s'tsfmﬁ'?éaafma%- exact details shown
and descri bed,49f or Aspfocas ifanprodusing tiydrodathofs By Sémitdctiyla ifeedt sw€anf [cbmprising be

i ncl uded gy%rogexw anEl Q&Qontnrl]oeno:ld X \%glt a cgaly@{n ; @di&l h{Raintained at conversion-promoting
20 conditions effective to produce an effluent stream comprising said hydrocarbons, characterized by
using a catalyst prepared by a method comprising (1) forming a catalyst gel by destabilizing an

aqueous colloid comprising (a) at least one catalytic metal for Fischer-Tropsch reactions, (b) at least
one colloidal oxide selected from the group consisting of cerium oxide, zirconium oxide, titanium
oxide and aluminum oxide, and optionally (c) at least one alkoxide selected from the group consisting
25  of AKOR)3;, Si(OR)4, Ti(OR)s and Zr(OR),, where each R is an alkyl group having from 1 to
6 carbon atoms; and (2) drying the gel.
50. The process of claim 49 wherein the catalytic metal of (a) is a combination of cobalt
and ruthenium.
51. The process of claim 49 wherein the drying (2) is accomplished by vacuum drying or
30  heating in air.
52. The process of claim 49 wherein the drying (2) is accomplished by allowing
supercritical fluid to flow through the gel material.
53. The process of claim 49 wherein the catalyst preparation further comprises reduction

treatment of the dried gel from (2).
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CLAI M5 1. A nmethod for preparing a Fischer-Tropsch catalyst
conprising inpregnating a support with a salt of a catalytically active
netal selected fromthe group consisting of iron, cobalt, nickel,

rut heni um and conbi nations thereof and a pronoter, wherein the support
conprises a non-layered nmesoporous support that exhibits an X-ray
diffraction pattern after calcination that has at | east one peak at a
d-spacing of greater than 18 Angstromunits, drying the inpregnated
support, and reducing the inpregnated support with a hydrogen-containing
stream 2. The method of clailm1 conprising renoving sol vent
fromthe gel under

FISCHER-TROPSCH PROCESSES USING XEROGEL AND AEROGEL
CATALYSTS BY DESTABILIZING AQUEOUS COLLOIDS

FIELD OF THE INVENTION
' The present invention relates to a process for the preparation of hydrocarbons from synthesis
gas, (i.e., a mixture of carbon monoxide and hydrogen), typically labeled the Fischer-Tropsch
process. Particularly, this invention relates to catalysts containing a xerogel or aerogel matrix,
confaining cerium oxide, titanium oxide, zirconium oxide or aluminum oxide, for the
Fischer-Tropsch proceés.
BACKGROUND OF THE INVENTION

Large quantities of methane, the main component of natural gas, are available in many areas
of the world. Methane can be used as a starting material for the production of hydrocarbons. The
conversion of methane to hydrocarbons is typically carried out in two steps. In the first step methane
is reformed with water or partially oxidized with oxygen to produce carbon monoxide and hydrogen
(i.e., synthesis gas or syngas). In a second step, the syngas is converted to hydrocarbons.

The preparation of hydrocarbons from synthesis gas is well known in the art and is usually
referred to as Fischef-Tropsch synthesis, the Fischer-Tropsch process, or Fischer-Tropsch
reaction(s). Catalysts for use in such synthesis usually contain a catalytically active Group VIII
(CAS) metal. In 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.c., where the CgT selectivity of the catalyst is high). Additionally, the catalysts often

contain one or more promoters and a support or carrier material. Rhenium is a widely used promoter.
The Fischer-Tropsch reaction involves the catalytic hydrogenation of carbon monoxide to

produce a variety of products ranging from methane to higher aliphatic alcohols. The methanation

reaction was first described in the early 1900’s, and the later work by Fischer and Tropsch dealing

with higher hydrocarbon synthesis was described in the 1920’s.




vacuum 3. A method for preparing a F
conprising inpregnating a support with a solution o
an organi c solvent and a pronoter, wherein the supp
non-| ayered nesoporous support that exhibits an X-r
after calcination that has at |east one peak at a d
18 Angstromunits, and drying the inpregngéed suppo
Fi scher-Tropsch catal yst produced by the t hod of

14. The process, of claim 12 wherein the catal yti

cobal t, the pFYRbjnaons thereof and aroHpidal solipf e %gle&aérﬁsﬁeﬁ%@ fa%éhq'gévg
rheni um cont e%n&isﬁﬂéf)ﬁ?gﬁﬁﬂ Wrcohfhnh, dit@HR@H almRiniRY Slicon, and chMiffidhs Blerdof©

total netal, an I am content 1s from about 0.001 to about 5 nole
percent of the This inentibn alse ahcludes B method for the preparatio hfa fisshersEropsch
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and the conbi pefistig o€ Bérium, zirconitn, filk@iun Aluiiguhilieon, 4id tembinations hietéof
0.001 to 5 nol e_percent. 16. The process of claim 14
wher ei n t he ni¥ithjacsolklysalt of one oF moge Fatalytically aghygpetals selectedoiiamdhe grpupf
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silicon 10 and altmnum and a m'xture o um num

17. The pr osebwmeiing|seivantfonnthsrgel.n the nmatrix netal is selected fromthe
group consi sty n f..11fani riu | um.nu mxt ur f cerium
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sol ubl'e salt 80 a t,r Imscﬁesl a%ﬁeru&%nig'rilie(b g% egétdoen% c%{loidal oxide selected from the group
consisting of cerium oxide, zirconium oxide, titanium oxide and aluminum oxide, and
optionally (c) at least one alkoxide selected from the group consisting of AI1(OR)s,
Si(OR)4, Ti(OR)s and Zr(OR)s , where each R is an alkyl group having from 1 to 6
carbon atoms; and (2) drying the gel.

In another embodiment, this invention provides a method for preparing a
Fischer-Tropsch catalyst comprising impregnating a support with a salt of a catalytically
active metal selected from the group consisting of iron, cobalt, nickel, ruthenium, and
combinations thereof and a promoter, wherein the support comprises a non-layered
mesoporous support that exhibits an X-ray diffraction pattern after calcination that has at
least one peak at a d-spacing of greater than 18 Angstrom units, drying the impregnated
support, and reducing the impregnated support with a hydrogen-containing stream.
In yet another embodiment, this invention provides 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 calcination
that has at least one peak at a d-spacing of greater than 18 Angstrom units, and drying
the impregnated support.



nitrates of one or nore catalytically active netals. 21.
The catal yst of claim 18 wherein the colloidal--mxture further conprises

one or nore i norgani ¢ al koxi des sel ected fromthe group consisting of
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The feed gas is contacted with the catalyst in a reaction zone. Mechanical arrangements of

conventional design may be employed as the reaction zone including, for example, fixed bed,




selected fromthe group consisting of Na, K, Ro, Cs, My, Ca, Sr, Ba, Cu,

Ag, Au, Sc, Y, La, Ti, Zr, H, V, Nb, Ta, R, Pd, GCs, Ir, Pt, M, B,
P, and Re. 32. The catal yst of claim erein the
pronoter conprises fromabout 0.001 to 20 15 nole p l” mmmwm I
metal content. 33. The catal yst of clarfs E
pronoter conprises fromabout 2 to 5 nole percent of the tot%al *net al
content. 34. The cat al ystlz)f claim 32 wherein the
catalytically active netal is cobalt, the pronoter i's rhenium
wherein the conbi ned cobalt and rheni Mﬁtent is fromabout 10 to about

50 nol e 20 percent of the total metal, and the rheniumcontent is from
about 0.001 to about 5 nole percent of the total netal. o
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4, A Fischer-Tropsch catalyst produced by the method of claim 1, 2 or 3.
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53. The process of claim49

@n hhaag at al yst prepar ation further conprises reduction

hydrocarbons y contacting a feed stream comprising hydrogen and carbon monoxide with a
catalyst in a reaction zone maintained at conversion—promoting conditions effective to produce an effluent stream comprising hydrocarbons.
The process is characterized by using a catalyst prepared by a method involving (1) forming a catalyst gel by destablizing an aqueous
colloid compnsmg (a) at least one catalytic metal for Fischer-Tropsch reactions (e.g., iron, cobalt, nickel, and/or ruthenium), (b) colloidal
cerium oxide, zirconium oxide, titanium oxide and/or aluminum oxide, and optionally (c) AI(OR)3, Si(OR)4, Ti(OR)4 and/or Zr{(OR)4 where

rying the gel.




