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‘The present invention relates to a process for the preparation of
hydrocarbons fromsynthesis gas, (i.e., a mxture of carbon nonoxi de and
‘hydrogen), typically | abeled the Fischer-Tropsch process. Particul arl
this invention relates to catal ysts contai ning a xerogel or aé#ﬁﬂ@ﬂo trix,
cont ai ni ng cerium oxide, titanium oxide, zirconium oxide or alum num oxi de,

for the Fi sch@lSTHERSTROPSOHENEOCESSHERINEOXBROGEL AN NEROG AT 9€
quantities of et EABALYSES B¥ pESI(BORENG 4 Szméﬂs%oﬂﬁé gre available in

many areas of the world. Methane can be used as a starting material for the
production of hydrocarbons. The conversion of nethane to hydrocarbons is

typically carried, out in tWgshaPsTHEINVINTFION! Step methane is reforned
wth water or partially oxidized with oxygen to produce carbon nonoxi de and

hydr ogen (i T Presephinyventips refpses top progesgfos the prepagation of hytirecaghons from syyhnagiss i s
converd,ed te0 NYfkARALP LRar 0 R esis
gas i séagwe? nown I|(én5t Je}ﬁ%{]r tﬁagon 491% l?dh%@n ftyedg élaq‘& g{lgpg@ f‘—'lgésﬂg? h'gr}l’ gI‘:r opsch
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have hﬁamcaﬁmmdammdqwawed as the cataIyt|caIIy active netals. Cobalt and
rut heni um have been foun t atal yzing a proens in
whi ch synthesis has is cg’%@g% @megcar bons having five or
mor e car bonLage®qianfiticseof medhaag, (ﬁtetdinﬁn Edmiposi€t ©F hatual gaspﬁretahﬂlamaﬁratnyﬁ;t ares
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al i phdt refomoHe) ‘gatewaaﬁetmaﬁéer@wﬂr SHEE) BIPTIRISS £RbER MIBRIS B AYREThe
early (1.808mthesi® 38k driafngdadl f a WRbHd Ry, thé SABRTs &dilerlddab Rodrosl#sYnk.Ng Wi t h hi gher
hydr ocar bon_synt hesi s was described in t e 1920's %rll 2002 The

Fi scher - Tr opcPreparationed ihydrogashans frm supthestsi g9p IS, welk kngyay fni the aif pad isdigealivon

vessel grerddt tdas dpREBRTehpta spfiRIHAR h‘?ﬁhcr%#b%ﬁgﬁro@&@a%'rt]ﬁschmﬁg% the
feed streans to Fi scher- ‘Fro sch reaction vessels arelé’gases while t
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products. “The process en consi der e for the conversion of
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Fi scher Tropsch process sin r More than 10, 000
B/ D ( hasmelkise. peherdand Cof sple@mity tof weéatalysRiLIAiRR], Unaditiohidly, shecaldysts beged
catalyst in a fixed-bed reactor. This work has been descri bed by Fi scher
and Pieontai onerpr @are progiptersod a F@po 96cains sattrialy §heniym joggidelymsednrometerd by
production | i

Possi bl o s ot PREARAES, RAR AN HE A AR o 38 i Aable o
conducireducers vaniety dfi rtwﬂxc@tratmxg frmn tiathane td, highsOsliphBtis eldolmis. | Eiisonéthamation
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cat al ywith highe hydrodarbarppathesis was demrfbbdsmmﬁe ®annser si on, scal e-up probl ens, and
rising natural gas prices, operations at this 15 plant were suspended in

| 957. Research has continued, however, on devel oping Fi scher-Tropsch
reactors such as slurry-bubble columms, as disclosed in U S Patent No.
5,348,982 i ssued Septenber 20, 1994. COITITEI‘CI al practice of the

Fi scher-Tropsch procﬂmﬁmmmmMMWMMLnued from 1954 to the present day in South
Afrirca in the SASOL pl ants use iron-based catal ysts) and
produce 20 gasoline in rekaékvel y hi gh-tenperatur eactors and
wax in relatively |lowtenperature fixed-bed reactmmm mmﬂﬁ ﬁ@ is |ikew se
continuing on the devel opment of nore efficient Fischer-1ro ch cat al yst
systens and reaction systens that increase the select|“n¥y for high-val ue
hydr ocarbons in the Fischer-Tropsch product stream |In particular, a nunber
of studies describe the behavior of iron, 25 cobalt or ruthenium based
catal ysts in various reactor types, together with the devel opnent of

catal yst conpositions and preparations. There are significant differences
in the nol ecul ar weight distributions of the hydrocarbon products from

Fi scher-Tropsch reaction systens. Product distribution or product
seI ect| vity depends heaV| I 'y on the type and structure of the cat aI ysts and
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2 9 April 2002 U S. Pat. No. 4,619,910 issued on Cct. 28, 1986, U. S. Pat.
No. 4,d70,472 issued on Jun. 2, 1987, and U. S. Pat. No. 4,681,867 issued on
“Ju] . 21 1987, describe a series of catalysts for use in a slurry

Fi scher - Tropsch process in which synthesis gas is selectively converted to
hi gher hydrocarbons of relatively narrow carbon nunber range. Reactions of
the catalyst with air and water and 5 calcination are specifi CaApl203i ded
in the catalyst preparatron procedure. The catalysts are activated in a
fixed- bed react or 1ByFisharTiopssh pnthesiexoactions ase highly exsthermie amd regstion vessals mypy be

phase in the deigRd R adtljuaté hioat &ataageyo%f;acﬁjd PRk Sthd fled Strbhiad &S%s‘&heﬂ?ﬁ»ﬁscb Heacnon

Fi scher - Tropsch s nt hesr rocar bqn ve, typicall en o
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of Cg to CAO Fixykb: aPidARR fr G Hat) NS, mmﬂsruydms navs.fins in the CSto C20
range. U. 15 Pa cl oses cobal t r cobalt thoria ﬁln

titanic H ving a M’E‘f%%’@’?éﬁ“’& °<§9’ %ilﬂﬂdf §“P]B‘°aff?3‘t £3% reearshAndhe paseile
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cconom ¢ 1 eadsitl: BPEbP Bbiraestf, bdrBiin Riteu, BicClciilted § Bl Bl g
catal yst hav bcrgre@ctbatlm Hydercblewriitysh Ganiiage, Txas psing powdsred Goo ap ﬂie\@abrﬂt dhue to
oxi de, e.qg. F&{}Hnﬂng lg!éiscb‘?@ﬁﬂe@@ﬁ % J}ﬁ}r the. aﬁﬁm%ﬁﬂr&?ﬁ&}n&s%plsﬂ?ﬁ&ﬁ at this

support ed coba cat al (}lst tf ogét Zirconi rr}: enli um
and/ or cHf onPlapt were sispanded inN{957.4 Regarch has certsverd@é@gevan pn densloping FiselsTiopsshd
rheni um cat akeastbss sidh@b SfuAb bbb ddRMint,&F dRElosed 1.8 Patehtalo. b 348,982 lidbdd Feptéfsbe DY
| ow acidity, {;r gF surface area, and high purity) which properties are said
to be necess? )) br hi gh activity, |ow deactivation, and high nol ecul ar

wei ght products. Themavialpracticd ofahﬁﬁkmeﬂ'ﬁopmsﬁocpssdﬁecoade &bro 195410 the preéént Wt

% of the cat t 0 e to
20w o6 of t R BbSufTAREET MY s&Rrsbiaherned i B8 o bGE bl ROMbs |2
cat al yst 2fos gasplinsf iarralptivebn high-temparaturecfluidsbegk resgtost pad W Hgirelptivahe fwcremessre nt
of about 2 t gxeibedkeadordf the cobalt content. 1n both of the above patents
t he nethod of dep srtrn he actiye netals an rompter on_the _alu

support is descri g‘é“&“’%[‘s h‘fewt‘,sf’lcﬂ“b"éﬂng ) e d OPE‘RB of gmayg cefficient 18%{%%%}’
cobal t - basedcadysa lsyy;&tns witresition iyhemﬁm‘au in@easth@delectivity Gordiighpelus bydirerarbans wrethy
thin filmongt ar te r [e

tani o or - arenes ke Biedl el ol o s PURRE L poBE UG A0 cibavlel B B,
spray teéhni cehalt or ruﬂxsumﬁaased ¢dtalysS il0RSioGIeactdi tspﬂlsasweswppbtr deedombtaqf patﬂm ed

catal ysts, pp&hiskbls¥ Js}%r.g&&)art[,gsd on high surface area alumnas. Hi gh surface
area supports a% sasrn ' referred because greater cobalt dispersion

can be achi eved aEh%ﬁarswnrﬁsmadﬂ%tf)wemm the |molesulprevieight distribptions aEthe P%?carb%f

cobalt to f ab.lodms fédm Hﬂdhbnhﬂﬁpsﬁl‘ wadtdh sptems.OBBddct d@ihﬁltﬁ@brqir&dubﬂaddtnﬂ@ perdls
titani c suppgrt refer 10to 25

the
preferred co ?flv’tly f"b Elfyr?@ aB ‘“?I qﬁr‘i‘?ﬁﬁ“gﬁtﬁﬁ’&r?" %’%Ct?'&ypzf?Aaqu’f“"g esndlids.
| nt er nat BOnaAcdeudingly; &itis liiphiNdasirabio afikithif 1R selediviyOofaly Fiseba T rafisshGywbgis tdthe use
D s pat Mo PRUBE! GBS RS RASIE e HIGHLERRnS i Atk Sockd ol Bt 1
that is sai dptrdiy&odashonshsiul as a Fi scher-Tr opsch catalyst with selectivity
for olefins and hyGhgf WRaisd bfiSissubd (§1A§) a?l 1% de ri%g?thél%&r gﬂn&@il@@ﬁl%n%ased
supported cobalt and nithehi Um based ca |nc ot her conponents
and pr ef er abFaalpst prtielesdinithe &- lg‘bmqrwgpamcdmwumetfer ysh dbﬂﬁ@ﬁ’atf%“@h@' cEl‘f“éFryst
conponents i @ikl dpgs! formed froma hydrol yzabl e conpound of silicon,
and/ or alum num and optional conpounds. The cobalt content after
calcination is preferably between 14 and 40 wt % of 10 the catal yst.
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UK Pat ent Application GB 2,258, 414A, published February 10, 1993, discl oses
a. supported catal yst containing cobalt, nolybdenum and/or tungsten, and an
'addl tional elenent. The support is preferably one or nore oxides of the

el ements Si, A, Ti, zr, Sn) Zn, My, and elenents with atom c¢ nunbers from
57 to 71. After calcination, the preferred cobalt content is from5 to 40
w % of the 15 catalyst. A preferred met hod of preparation of %Aerilc8d| yst
i ncl udes the r E’ar ation of a cont ai ni ng}séhe cobalt and ot her el enents.
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obt ai ned.of Zaadaer_s/pnahewt monaﬁmbawt méacms earmércuw‘r;fsomﬁmlan atnhl»satérl Ald,
there,.s sltrll sts for, Fi er-Tro

a
Synt nds: eacippn teSpeRicatlapitrdla e SobR vispBicn oyl 3 Hrpal sarvmre

sel ect i viir a foeddbed morrlsyzacttohamhG:bu&lzq)fnoﬂthﬂumw:mﬂmnﬂ)ﬂnse iptedbsesd ofic] t hus
enhance the process econgm cs. SUMVARY_OF TAE | NVENTION 25 This i npvention
provi des a prGeialyst supRpris forapaialystsrused 5y Bigcher-Frgpasly aymshesis 196 hudrocsrhgns, bavet hod

for prepapically béea dx&teal(g@,t silich 8luling,Ctitaitia, CArdgIid s:emnxamttn@«wfn@claai gifick- St r eam

R B R e
ef f | dént os thewbamicab identity pﬁg;e iyl quidersbppey (sah Er Iglesia pmb 1923, &l Semmiteridided es a
catal yti ‘f)%&n%%’cff‘?f&h'l PERURR, ﬁé‘c'(li@r%%ﬂ ‘;%9@&@%&%%&1 POkS!, ﬁﬁbnﬂhegéodu%@g

cobalt, nic eniu Inati ons thereof dispers
matri'x miteeredhy l@@&ﬂreres% styusygyihgve s woRy vide ran&'aegrdﬁrulwedﬂequasor

conpri tSI ng af 0%, PAINR Y, 4W59§@1s&f>se§?ﬂ?ﬁlﬁm)6n ﬁﬁrualas ﬂgldesdraﬂls;.meeih EzlizﬂdeGfoQUp

consi s | of ceri z i tani um. al.um sillc an

conbi nat ﬁ’§°d{“ﬁ’§P QIU){:T; to dw&ryg PFa L2 TRRIPHEY o P2 fFWn%WFCél‘ﬁ Wit el S at al yst

used kN PRENBr7 8322 GiIREd HEbalbor REMERS iR AR haomg xereeged mi.@ biRellefts om t he

destabrlrzatron?l a col | oi dal mxture co rrsr ng, a E’F ‘mially 35 active
PO3R07 1 digglones a'eq

metal sePRAEAs pMydrPdaphen gyisss easplet sVisn e henium
r ut heni usatalgst wherd i) suppodt cén be t‘amﬁqabut 1:rem& E@mhixﬁa'dirl eompmichersanf UBS)1Ghata

col | oi daly,splys@ky %S{I&%Sr anxalljurrrnelrtraa Sk E gﬂh?)gt MP‘% dof, r%‘ﬁ H"ﬁ]m ng%ir hsr&g 24

cerium zl Cr ¢on um B num °si at1 o her eof .
Thi s i nvE&mupdYB mietsboxidect.gictbariag Emopdan Haténg Not Héﬁb’hbv&ﬁ*atﬂlstbna wppagted cobalt
Fi SCBEY - LRt folethid Wath Vidon ki, BenGRAPIRRH dbrflaek| N9 @ col 1 of dal sol of an

oxi de of net al sel ecte romthe group 5 consisting of cerium_ zirconium
titani um al uHiSn&ay Na 1485473 disglosen atfiremmaiedo bl 19ad é'l?f““%r tafnlyst goeferple sal t
of one Ogupjbited oﬁatu&hr)étth&@ddhyraéiﬁtzhd/@' 1Bwaditiy, a%h Shrfabtlaréa] dmmgnqpugrypumch

i st t
ol 101 c POPRUPAEmL E veciacisBt 5 ish “BBr Y RO PR molsPLet e i on
al so pr opiodess. a'hpmommssf dobeﬂt ipmosl prefanahlyrapautd 0 & Howtss bfthe aualyaic tThe gordent eed
StT 38 CQfRkhith '}Qm'aaftcliré%gﬁﬁl¥ Q&gt 535 59t IDBPHE @QbaWcme;ﬁ g&féﬂﬁé Pa P fm%
reaction zone nal ntaine ctive to

conver si on- rOHD I;g conditions e
produce 435535 diselates s catalusimes ppsfdrabbnhgving &0 Wérvrs(‘i/ thend aTheaivprcgates of of t hi s

i nventi oabdutsz o' R0 VAOk Bf the B6ball Yonkkat. A béth eﬁmawo% VE pitiiRAY RElhdAYof BegBitiAKOHle
conpri sin ormng a catalyst gel abi | i zi ng an aqueous col |l oi d

conpri si AGIVE Q)"ta')éf‘“q le%’g?t“(?ﬁéheéh‘f“&laft’lwe"%%ﬂ’b?dd? ngtiriticlar -~ Tr opsch reacti ons
(ebg , at | Eallsls @ge thhﬁd:r_s P aikdieds fa[dalaalmteedgeawmt ofetéih thd Bdive fmetdl Iqrr)t |
coba ickel and r iu one al... oxi e sel ecte
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t he gel . hipEYysfagerme spmrmm aeﬁupmmsmovhmkewewma@nmbgéd to
the proc Qéﬁers@Jn cTaH' Se hémé@&it ds Q&aﬁ%%ﬁ&ﬁ ‘éx‘utﬁ' Yedd t@ﬁlﬁﬂ&y oy oné‘cr*?éfﬂ ro?&%lt &l gir ce,
and car bon nonoxi d HzZ/ CO m xtures suitable as a feedstock for conversion

to hyér oemﬂﬁbﬁgstd@é ebaltnBhe cgbalieading s @disanis supnortds preferably 1010 26 3% Bdilobt ai ned
fromlight hydrocarbons such as nethane by neans of steamreform ng,

partial oxidation, or other processes known in the art. The hydrogen is
preferably provided by free hydrogen, -al t hough sone Fi scher-Tropsch

catal ysts have sufficient water gas shift activity to convert sonme water to
hydrogen for use in the Fischer-Tropsch 25 process. It is preferred that
the nolar ratio of hydrogen to carbon nonoxide in the feed be greater than
0.5:1 (e.g., fromabout 0.67 to 2.5). Wen cobalt, nickel) and/or ruthenium
catal ysts are used the feed gas streanrpreferably contarns hydrogen and
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The feed gas is contacted with the catalyst in a reaction zone. Mechani cal
‘arrangenments of 35 conventional design may be enployed as the reaction zone
i ncluding, for exanple) fixed bed, 5 9 April 2002 fluidized bed, slurry
phase) slurry bubble colum or ebullating bed reactors, anong others, may
be used. Accordingly, the size and physical formof the catalyst particles
may vary depending on the reactor in which they are to be used? Agel 2009st
Preparation 5 A conponent of the catalysts used in this invention is the
matri x mat er i the preferred epbplg loadingantan alemipa suppert/is d tf 455 ¥at | east one col | oi dal
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concave neni sci t he . pore i on_continues e nmeni scj
retreat into the prn B’g‘fllp U @i"s@ﬁ%&@é@sa]ﬂfff F“&‘V%'Betéfr°8ﬂf‘ﬂj°"f"?§ts supported
perineter, ars ahhmrgaaiclombmd s@eithiad disirsionirof thie agivé inetalgm Fidola rapschacmtllysts has
Eventual |y, Si Nt I ody
and a reduct Iegs%I\O gfﬁ%? o%% @ggﬂHégﬁ mﬁfnagﬁ'!m{ {Pg os?tg)ln oﬂﬂg ﬁ%ﬁécaxtbpl?s ogﬁknep
ori gi.nal 2Pol une. ﬂwmtesth? Vask ampantoof weseaschoeffort g g ﬁ%tthereeve §Hl ja grpat FFeﬁi If'ef new
porosity, oft&fas MURBheETOMA 9 &gd(fz 130 pRVidb hEanSY SIS RoRREL
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been renoved selectbitich ta mmrynmsthet walypr dvtbmhycmcgnbmfsm:@dmedwﬂ Itup%haype tieapropessi n
the structure, Sdplidsdui d is renmoved. This is typically 30 acconplished by
heating the I|qU|d filled gel in an autoclave while naintaining the

prevailing pressure above the vAUYMARY OFFHEBVENHON quid until the
critical gsenper at mhe ifVfenfidaSrdviddd'a &o&@san@emysefspﬁedﬁm hyAinsbafbb@ardraafbdaldlfor
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volume. S In the I‘é tdance gyi tﬂH? wventions ﬁ‘E‘I‘}th"(‘PgP@t 'EfFé)WdEeeprf"f?Ssr f'%es ﬁé’fdéfféé

CO: : oi gs naylabtbgdaaedera@l $drimed erthBﬁEs{ﬁiblliaitwﬁ ij a &i&lﬁiﬂﬂrmlﬁgretdﬁmp@ig& ca'ﬁliglﬂﬁﬂly |
col | oi ds 4nc m na soal s oi oi da
1t cont & %or 258fe FiaisPleiPd e 48 Bmending Pt e S nihfim, puifm et
avai l able. There are al so several nethods of preparing colloids) as
described in "Inorganic Colloid Chem'stry"4 Volunes 1, 2 and 3, J. Wley
and Sons, Inc., 1935. Colloid formation involves either nucleation and 10
growt h, or subdivision or dispersion processes. For exanple, hydrous
titani um di oxi de sots can be prepared by addi ng ammoni a hydroxide to a
solution of a tetravalent titaniumsalt, foll owed by peptization
(re-dispersion) by dilute alkalis. Zirconium oxide sol can be prepared by
dlaly5|s of sodlun10xychlor|des CerlunIOX|de sol can be prepared by
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In a preferred enbodi nrent of the process of this invention, pre-forned
.colloidal sols in water, or aquasols, are used. The aquasols are conprised
of, col.loidal particles ranging in size from2 to 50 nanometers. In general,
the smaller primary particle sizes (2 to 5 nm are preferred. The pre 25
formed colloids contain from10 to 35 weight % of colloidal oxides or other
materi al s, depending on the nethod of stabilization. General PyApraf(2002
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formed by s 0,

cases. vat g@%ﬁ %{P/ gaﬁéf:% 3%9&%& e fkeéggs s?rézg';é ﬁﬁé}e&%{lﬂ:ﬂﬁnﬁf}d@% ke gg(rﬁon :L&h&ﬁge
be exchangdme whlatratio Mou@&éduihs&bd/m mapalsorontain csnbpeﬁlexliiq i Tha feed ewﬁeme
extracgpon sho-[lniecoﬁﬁinvﬁmﬂ SR i4tidh ch&?hudﬁt' blCQetﬁe%tsftﬂzft TBR d deididiRuPerRel dCe Of
the invention is placed 1n an auto where It can be contacted with a
fluid abov&atalys, ek gs peisons.c Feremxample.dhofeed gasamay need toybeare-Bgatedotoepmre that it
supercriti ¢aitaihd low@oncenthakioW of AL EHhitloRh BRbouNBY, Silch a4 hydRogbidulfide, aRfonflan@nt
is no longer bejng extracted by the supercriti cal fluid. In performng this
extracti on°f’8°’}3 ﬂ‘%ﬁf’&‘é an aerogel material, various fluids can be utilized

at their criticdhe fe@dﬁ@ﬁhﬁ&dﬁfa@te&ﬂdh BeQ8ENEtGn a FAktion 26teaM&hanical arrangements of
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all SU|tabIe for this process. Typically) the extraction fluids are gases
at atnospheric conditions, so that pore 30 collapse due to the capillary
forces at the liquid/solid interface is avoided during drying. The materi al
dried under supercritical conditions will, in nost cases, possess a higher
surface area than the nmaterials dried by other neans. Catalytically Active
Met al s Anot her conponent of the catal yst of the present invention is the
catalytic netal. The 35 catalytic netal is preferably selected fromiron,
cobalt nlckel and/or ruthenlun1 hbrnally, the metal 8 9 Apr|I 2002
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( I'n another preferred enbodi nent, the catal ysts of the present invention
may conprise one or nore additional pronoters or nodifiers known to those
skilled in the art. Wien the catalytic nmetal is iron, cobalt, nickel and/or
ruthenium suitable pronoters include at |east one netal selected frontthe

15 group consisti ng of Goup IA (CAS) netals (i.e., Na K, Rb Cs), G oup
1A netals (i.e.) M, Ca Sr, Ba), Goup IB netals (i. 9A@P“'e?r982Au)
Goup ITIB met al s (1. Sc, Y and 1ra), Goup | YB rretals (| e., Ti, Zr and
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rut heni um aw s‘%ﬂ%‘é%‘é‘&lv ‘f‘? emaséphwcall_fam 9f the catalystpartigies maygvaryddepending opithe Re,
No, Cu, AJ,red¥fdr inBvhidthedd tdBousdd. r €f erably, any additional pronoters for 20
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9 April 2002 construed as illustrative, and not as constraining the scope
of the present invention in any way what soever. EXAMPLES Ceneral Procedure
"Far Batch Tests S Each of the catal yst sanples was treated with hydrogen
prior to use in the Fischer- Tropsch reaction. The catalyst sanple was
placed in a small quartz crucible in a chanber and purged W|th 500 sccm
(8.3 x 10-6 nB/s) nitrogen at roomtenperature for 1S m nutes. Arwé'%?ﬁ?rple

was then heﬁ%&ﬁcé’ ®e ablceSF e irkterfhce’ beéve@:ﬁlicﬁud"ﬁ(d 0@!&9 tge@ngi%e to
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over a vari sitrgte.of cat al ysts at 22SC are shown in 2S Table |I. Catal yst
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(4.321 nm_, 4 ne us conb ne f the
al uni na sol © 3%8"’ TRetiog Ig'if B‘P@]tbrv‘%@&* §’é‘l§ nté fl %"Vaté‘fef 8?“dh§cf§’?t s@lf;é t he
reagent s, 'was ragpnef theatkekiye With3alcohdltin & Hgdnd pmarchhn@ hactinnl |Diteck reaxtions of metal

cesL o0 ekl it A5k akbhs AL ST B R p B

xer ogel hadBadhbmahaN%ﬁtke@ﬂqs @ysadgmicRresg, P18k) / Co (0. 45)/A1 (O S). 11 9

April 2002 EXANFﬂiﬁ &efi@eeﬁetﬂbomemofﬂﬁg fx’ocegd Sththis iRl p;mféﬁxfeX)coxlm&h k&)s iisfle (
17.3 57 nL of a eous é ution

a co
nexahydr at e pELRTiaREeR syuredadhe Hbssgh sy cqmesntd of Gk e g from 2
col | oi dal atosdinaneets. (4 gR&al, ﬂﬂa,smmeﬁﬁxﬁndw patticROsizet (2 1905 v} e ppdferceldt Thepuas| y

conbi ”eﬁ's | ngdscoﬁ(?lgsop gtal"%tfr% IOQo ﬁsoﬁvm% Sgl*oédrapoxhgegg c{(t%mngm'lﬂ Id?P%f(l? S)é i on

was added. st a m-a dar
mat eri al . Tthe method of a#blhvasonagbderﬁltys affar ‘ad;iltéjmymf thgesfctivec(fat rfyﬁcm-TMrmmaWUm

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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at 150C for S hours. The final xerogel had a nom nal conposition Ru
(0..0495~Co (0.445)/Cs (0.01)/Al (0.49S). EXAMPLE 3 10 To a 150 niL petri
di;sh, .ruthenium (111) chloride ( 16.641 nL of a 0.11 S 1 M aqueous
solution), cobalt (I1) chloride hexahydrate (CoC 26H20, 17.239 nL of a 1.0
M aqueous solution) and colloidal alumna sol (4.103 nL, 4.668 Mor 20 w.
% were sinultaneously conmbined. In a second step, 2.016 nmlL of? April 2002
aqueous lithiumnitrate (Li N0O3) solution were added. The colloid was
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25  until the solvent is no longer being extracted by the supercritical fluid. In performing this extraction

\U

to produce an aerogel material, various fluids can be utilized at their critical temperature and
pressure. For instance, fluorochlorocarbons typified by Freon® fluorochloromethanes (e.g.,
Freon® 11 (CCI3F), 12 (CCLF,) or 114 (CCIF,CCIF,), ammonia and carbon dioxide are all suitable
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



15 destabilized to forma red gel-like material. The material was aged for
five days before drying under vacuunmrat 150C for 5 hours. The final xerogel
had a.nom nal conposition of Ru (0.0475)/Co (0.4275)/K (0.05)/Al (0.475).
EXAMPLE 8 20 An aqueous solution of ruthenium (I111) chloride (4.95 | niL,
0.1151 M, an aqueous solution of cobalt (I1) chloride (22.793 nL, 1 M,
tetraethylorthosilicate ( 11.248 nlL) and 0.72 nL of coll oi dal a‘?llrﬁllzrqu sol
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Typically, at least a 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



petri dish under an inert atnosphere. The final pH of the m xture was 1.97.
A dark gel-like material ' 30 forned- The material was aged for four days,
and dried under vacuum at 120C for 5 hours. The final xerogel had a nom nal
conposition of Ru (0.005)/Co (0.145)/Ce (0.425)/ A1 (0.425). EXAMPLE 14 An

aqueous solution of ruthenium (I1)] chloride ( 18.78 nL) 0.1151 M, 12.960
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their entir
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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U S. Patent Application No. ~ 09/314,921 ) entitled Fischer-Tropsch
Processes and Catal ysts Using Fluorided Supports, filed May 19, 1999, U S
Pat ent Application No. 09/314,920) entitled Fischer-Tropsch Processes and
Cat al ysts Using Fluorided Al um na Supports, filed May 19, 1999, and 15 U. S
Pat ent Application No. 09/314,811, entitled Fischer-Tropsch Processes and
Catal ysts Wth Pronoters) filed May 19, 1999, are hereby incordépuil 22
herein by reference in their entirety. The foregoing detail ed description
and exanples have been given for clarity of understanding onIy No

unnecessary tat| 1S &L e un rst d thergfrom The invention is
not |inited“¥d s % *“’8’e?“3|'1° K8 ity ssope P‘ﬁé‘& P“?“Eﬂ’ igyeption, ip Y Way
obvi ous to Uhﬁsaykcrl I ed inthe art wll be i ncl uded 20 within the invention
by the clains. 16 9 April 2002 CLA){ process for producing

hydr ocar bons, conprising contacting & ream conpri sing hydrogen and
carbon nonoxi de with a cat al ys&eneralZBrocedure FopBatah/Festsni nt ai ned at

conver si on-pronoting conditions effective to produce an effluent stream
conprising hydrocarbons) 5 wherein the catalyst conprises a catalytically

active netal sel Eehef “’Fl%‘ﬂ‘*?’%‘ [emRias Jip tread idichydrgeeaprioy t9rise ingheFischeiTrepseh |

rutheni um  faeionOrTiE Bailysd Bnpleeds PRbedth SRAKIP Qfrt: BrudiblB®d & chambBt £ ipdiged with
a, destabilized a | .conprising a coll oi dal

conpri sing deri \(qi_é ge_6 of .a 1(gcuglaso
oxi de of a NHYFFR bt B B9 aiteesy o g immeayicderd> aters Thafgmple werther heted
zirconi un) trideANOOLBIM alummm/s)ayd:bge@at)1°emhu€eqabometah@md OV ROfor oré-hodihe

process,of aim. 1 wher t teri, ent he cat al i's
From 10! Cnofte GG o i@ A/l b I g o pef By e
wher ei n t heltoaten 1.0t B4 ab/s)Clgiiogen.  Dlie daiplec atrdl cpsled s hfdiaxen ahd plrg&Owitd 85
ol e percenf.. e QL ocess. of claim2 wherein the matrix netal is

T
sel ected fromé‘%ﬁ'be group consisting of cerium titanium alum num and
conbi nati ons t heA&ohL preSuls, vestlovag heatalsa eidifer 2155C mmder \I\W@rpelgr(@%&Pa)mf HyCOret al

|saconb|nt on O.f ti i an tam,c rati

5t ant um t oD aAF mehseined § sk Ay bk Dok ofh A G Brgiy e of

cl ai m 11ihetheihpdroges catalystl apd il odd dfyn-ené was addedato thﬁowpnel sABerfane pabthatreatol. t 0
50 nol e per@e@&i WQ.@c coua@ mrf?et r/én&d HRd Ql m@ﬂlg] s&ﬁ&a@d M‘%‘-mm;l%emgudd’é@d'rhe reac ?;r -

process of claim®6 wherei I’l cat al tI cal % active rreta conpri ses
about 20 10PredpesErsagplyzep an e’e‘#%“%ﬁsaf FFE°‘W€&8F“P Fydrogprbepgdn 'eafaawsftcmﬁcoavm

conbi ned. 8anal-§Q§i RRRAS the Hterfal %J@ar?l Wﬁ@foﬁk g'ﬁrjauedrtﬁ)ﬁg Ay Bétcaﬂiltieéd ahde tHéy ofe tal

conprises cobalt and rut henium and wherein tfhe content of catalytically
active met aPaskeshisrthewolreptaphiretienpentsd 4sghepepssvesn igredierd ent of the matri x netal
and catz yst met&lcGoPRidisity & ChoNQCRBS stPfwas | calciitsd 6hed @nNthd hiftegrated

rut heni um content is from about 001 to about S 25 nole percent of the
matri x met aprodstor of the Q}snrcmercm’caeewmeh kgjof %lystmeh%\r -0 &b lpasithrg jof the, vapight
wherei -t NendRbi fof o cbor AmB& W, A6l whi ARe REOERHR. 60 HhS: bR alofh 11 UM
cerium alum nu a mxture o er| man umnum a mxture of silicon
and .al um nuﬁw,./la)mdtla abscissau Feemahe dlqpb,amhnmfalpda whsiobiainedn Sofre runﬂdeplpyed@deublcof

claim1 wherein e catal yst ri.ses one or I | ect ed
rom the. o ORI " HOTCR tirghae. REE TS RP it ver et pr Baghiiest 22558 meufioviy s,
Y) La) 23, THableHf, V, Nb, Ta, Rh, Pd, GCs, Ir, Pt, M1, B, P, and Re. 12. The
process of claim 1l wherein the pr?:nm CIp:S Egl ses from about 0.001 to 20

nol e percent of the total netal co e process of claim12
wher ei n t he pr onBieentalysscompositions afergiven talatoeriic retids exoBptivELe ofhSrvpisemotedit of t he

total netal content. 17 EXAMPLE 1

To a 150 mL petri dish, ruthenium (III) chloride (17.525mL of a 0.1151 M aqueous

30  solution), cobalt (I) 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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9 April 2002 14. The process of claim 12 wherein the catalytically active
netal .is cobalt, the pronoter is rhenium wherein the conbined cobalt and
rheni um content is fromabout 10 to about 50 nol e percont of the total
metal ) and the rheniumcontent is fromabout 0.00l to about 5 nole percent
of the total nmetal. 5 1 S. The process of claim 12 wherein the pronoter is
rheni um) the conbined content of cobalt, ruthenium and rheni udrApsi 2003m
about 10 to about 50 nole percent, angyt i ned content of rhenium and
rutheniumis fromabout 0.001 to 5 no t. 16. The process of claim
14 wherein the ndbra A50mL gletri disls evbertionl 1) cbdoride (B0 mlc ofisi B1I5hY afucous
titanium cep ' . ' f i | ymi 1 Xt ure of
Si11 con 10 S, Boit il (bl (Cicsflad, Ty BB o T 0HT g ol Shilog
process of @hdicdtioldaSaluhias edl {4.280anly6i 668 M BiL208t. 63 waml shmiladeouislp Borhtieed IR WP
consi sti Qg ' | | al.um nur m Xt ur foCeri.um an Mm.num
a mxt urg o? chH %‘@‘SRHQQHHE gﬁu%&}fucﬁf'"%ﬁ@mé@ °r?$l RNIN 3&6& ?%nﬁoy%mgﬁﬁgeéﬁh' fium
18. A Fi schdo form adark red geltlikk yaterial. oTiprmatdriabwas ageddforfod days befiges! drydng vader ggrmbm
formed fromgf f@edir §lRsikabi | i zation of a colloidal mxture conprising a
catalytically active netal selected fromthe group consisting of iron,
cobal t,. ni ckel , ™Mb fpahremes! had mﬁnmnlryomqeiﬂwmgﬁéﬁs 60 044 XE @01 h(0.495).
colloidal sol of a matrix netal sel echkgadmpig® the group consisting of
cerium 1§i rconiu titani . alum num si[rcon, and conbi nations thereof.

1o, Thefatalyst T LOmPeE dteruhemi, J13 chlopic; &6:64] Bl oa dktaF Ms saeops

sol ubl e sal &olutdfa), 20balt (ITE cHldida Ihysahydadte (ol 08H,®, WNEIRHIN of §2.090 lagllebiR ssrﬁh&?
conprises one or nore chlorides or nitrates of one or nore catalytically
active net apad colpidatmghumipa;sof (4,103 mis 4668 Mnerid) wirle) wpre simdtancopshnpambinedi Jn ar e
further compcbs®siepP816IAL B EM dyRéctl fithfunA it (LHQS,) S6unl esle hddedD TiREcofsi@UP
consisting of AL(OR)3, SIi(ORY4, Ti (OR)S5 and Zr(CR34, where each Ris an

al kyl gr oup"Andestebilized denformaglagk sed gtddike mpistial. The materialTrps ages: far {vet days bafdrai m
18 wher e¢fn HRmgwRder Vacui®itakbocTasailesOof the catalyst is fromabout 99.9 to
about 35 nol e pe

cept. 23. . The catalyst of, claim?2 ei he matri x
metal content of Ji‘lf%g“a&é‘f”ﬁﬁ‘“;@?‘?ias“‘ﬂ“}‘ copeasition; §f Ry é@%{cé @é‘%@g/ﬁ{ OBNAl The
cat al yst of ((478).m 23 wherein the matrix nmetal is selected fromthe group 30
consisting of cerium titanium al umﬂﬂmm conbi nati ons thereof. 25. The
catal yst of claim 24 wherein the W&thﬂE‘@gg I's a conbination of titanium
or silicon and aFumi HdmL asd dithe rethenivine THA chloridst (16i6¢ bml-19h ©10.1351 Mcasmeous
al um nugp i SsdikRf), 3R (Pchiividl RexdfAite @DChe6r5S; 17330 AR 1.6 Rfuedils 3b1lich
wherein thescata yti cta(ll )|5§/ acti‘\s/e rretea@c&rprzi ses from about Jue ?

: and colloidal alumina sol (4.103 mL, 4.668 M or 20 wt. %) were simultaneously combined. In a

second step, 2.016 mL of a 1 M aqueous solution, of rubidium nitrate 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.
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 (III) chloride (17.072mL of a 0.1151 M aqueous
solution), cobalt (II) 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 2 nominal composition Ru (0.0475)/Co (0.4275)/Na (0.05)/Al (0.475).
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35 Ol to 50 nole percent of the matrix metal and catal yst netal conbined.
18 9 April 2002 27. The catal yst of claim 18 wherein the catal ytically
active metal conprises fromabout 10 to 50 nole percent of the matrix mnetal
and’catal yst netal comnbined. 28. The catal yst of claim27 wherein the
catalytically active netal conprises cobalt and rutheni umand wherein the
content of the catalytically active netal conprises from about?4prit302p 5
nol e percent of the matrix nmetal and catal yst netal conbined. 29. The
catal yst of claim28 wherein the rut EXAMBLEGntent is fromabout 0.00l to

about 5 nol e pergeptisotLl P Mddh/ wmdaﬁhﬁmxﬁemoﬁ&tflbmmﬂ%ai 0.5 P71 Rgbous30-

The catal yst of claim 29 whorein the matrix netal is selected fromthe
group consi ¥lutien), epbalt (D-ahjoride hexahydrata (CafhtfiHaQnd 7.685mlxefia b0 M aqueaus solutignk

al um num ' L& ani W . T . of
claim 18 m@?é’?’hﬂ%%@%ﬁ%@% ch: g‘?’r‘b?1%@603%3%rmn‘g#gs'b"r%%?%&s&@[é’ﬁée%tS%c? from
t he group cuweesd sepdd3bmiiag 2.0 aqueous @atassivty, chiorje &Cl) sBlutionCugre piged. Alhe cdivid Y,

La, Ti, Zr,widfdestabilizkd/R forhid re@r}el-lﬁ)(g mafdpial. e mialerial Vs a%d fﬁ)ﬁv@%s Bgfmag%ing-rhe

catalyst of claim3l wherein the pronoter conprises from about to 20
15 ol e per®@dsiivaypmahBOfGofonf hofgt al content. 33. The catal yst of claim 32

wherein the pr ot dinal Réfbgel H8S al dopimabRemiosition f Run®loa75)e6C@A2759k (olasyAot al
nmetal content,,..34. The catal yst of claim 32 wherein the catalytically

active neta ‘4?53' cobalt) the pronoter is rhenium wherein the conbined
cobalt ®hd rheniumcontent is from algX&MBEET0 about 50 nol e 20 percent of

ol e percent  of e FORE bE Rl HARRRGDN Siddd8 TaBRAL e AULISIAL ik’
pronot er | ssolutiemyi eohglt (M ehlotidephepehydrater(Ceflye6H50.cLTPAP mL of at IWEMi agmousasediitiotdeni um

I's from abo . bout .5 | n d, t.he I ned cont.ent .of
r heni um andﬂlﬂ ? lﬁ]ﬂ ﬁ’é‘%ﬁﬁlﬁmﬁg s?lr(gﬁagﬁgugggﬁg(?ﬁz?gﬂf )n%ﬁmegg‘g}rgaggoﬁf 4 °§'§b"§% hfﬁe
cat al yst ofseeondistap, 240 1ty ofi 10 Mhasjueaus cesiumelteride isglutian| were adied.r dhe edlloidgwasup

consi stisng QfetilhRdl R a 8 BAIUER mBel]) The Thatdial Wikt dgEBroPfiveCafs beflteAiiinAlnddl NUM
and a mxture of titaniumand alumnum 37. The catal yst of clai'm35

wher ei n t her2sit IO0Hefosp hpws.se| ect ed from the group
The final xerogel had a nominal composition of Ru (0.0475)/Co (0.4275)/K (0.05)/Al

(0.475).
EXAMPLE 8
20 An aqueous solution of ruthenium (III) chloride (4.951 mL, 0.1151 M), an aqueous solution
of cobalt (IT) chloride (22,793 mL, 1 M), tetracthylorthosilicate (11.248 mL) and 0.72 mL of colloidal
alumina sol (20 wt. %) were combined in a 150 mL petri dish 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
25  dried under vacuum at 120°C for 5 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 (1II) chloride (5.202 mL, 0.1151 M), an aqueous solution
of cobalt (II) 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)/8i (0.059).
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consisting of titanium cerium alumnum a mxture of ceriumand al um num
and a m xture of 30 titaniumand alum num 38. A nethod for preparing a

Fi scher-Tropsch catal yst conprising mxing a colloidal sol of an oxide of a
nmetal selected fromthe group consisting of cerium zirconium titanium

al um num silicon, and conbinations thereof with a soluble salt of one or
nore catalytically active netals selected fromthe group consi9s‘%HrH&°%

iron, cobalt, nickel, and ruthenium destabilizing the colloid to 35 forma
gel, and renoving solvent fromthe ge 10 April 2002 39. The nethod of
cl ai m 38 conpri Amguécnsealatiofy of Althériai (1F) Oklbideq5.062 mLyrodes1 M3 an dideowsQGoludibie

thod of cl.aj | S ' h 1.. The. h f. ¢l alm40

compr 1 1 ng F GAbNC HD RifEs T att. B Be Fan sy SR e R g
reduci ng t %8 vedthiwystcombined knyalrl Sipeh-petindishi widerganbingrt atgwspherd3. In-a sEbomd rsphod

of claim 4Jﬁqﬂ\43§£ e $5%; af) P.B'NQ @ Lgh Fr2of Blofy Md%l@ﬁalniiltc&ﬁﬁrﬁ'ox%'(a&%?e
C 38 est abi | ollord the pH.

nmet hod of alm conpri si ng ITizing the ¢ | bé varyin

45. The netsHbize® wereagddedwith Syislings i The final bl pinge snirture as 1 SHmé; fask eratbroyn
supercriti ¢@mogorbdud gélifimed Wher@stabliltRd BF thd Qin dt!uR Bagdits. R m@iteRiall VAR aged

supercritical_extraction, conprises the use of one or nore extraction fluids

sel ect ed f riofPyraysyngd dhed yiden vepqupgt BO°GHer Bhoursoc12F2, CCLF2CCLFz, ammmni a,
and car bon di oxiTdefinad XerogdhRadnmbhinel cohpditioh R A0 1)/Q6Y04)2E OPS59)AIYE.531g t he

cataly i n a hydrogen-contai ni ng st 48. The nethod of claim 38
conpri égong m xi ng the col |l oidal sol m#i#east one inorgani c al koxi de

sel ected from t e suewp sobtigi sf rutignioh (E( ARxEe (BB.TIORLY 01T (1OR) B.96Adhl. of
Zr (OR) 4, V"%@ﬁcﬁ?a‘?%&ﬂnf% i ﬁmfj @{'3.9@6 AR Qg\emgammms& (4 B68MR2E 9 o
0 g hydrocar bons m

49. A process r producl ~contacting a feed stre

conpr i si ng 4#¢dmdgeinl MhaaweenstfenClarbiiSk ere cpmbinedainca 150 phtpetrindish pedst oh Grertzone
mai Nt ai ned (looGARY R IrAAr BF SR lAtePPas R A bARRe BLESS kS,  Phe R AHE Goe"
ef fl uent stream conpri sing sal d nydrocarbons? characteri zed by using a

cat al ydf prggdfprfautspyspandatrinbendervapuist 12§°G foy 5 hawrsyi ng a cat al yst gel by

destabi | i 21 ng_arnafhie b Sychlaladbin QB bl (020580l PES0 48N EPB) V1 I ©

nmetal for Fischer-Tropsch reactions, east one coll ol dal oxide
sel ected fromthe group consisting oxi de, zirconi um oxi de)

ti It ani u 31 ?xi de ARCagabdulisBlFRNOYS dﬂmiaxﬂctn?p&:hdﬁaal(iwsbﬁm af1 1519931230868 mil Koxi de
sel ected fram.t he group.cqnsi.stin 3, S (OR I(OR n
2T (R 4, wided i QA o 3 2t TR e ) oM 56 40 s
and (220dr wieregearibimed)él 2 150mL pte dish 0odes 8n dfertaltratisphedd Mee@nd stepret.323mdl oft i C
metal of (@) ' s 2 LTk . of
cl aim 49 \Mewi ig rhé ?ﬁ'ﬁf ‘%%?g“[ﬁiﬁ’é‘g‘?'fghﬁ grgg?g%:}?pﬁij%oz gjépﬁ{éb vac usg,]rﬁha%r;ﬁ i g{ ng"lﬁg%
heati ng i ntleimixtufedvas Ti3e. Arred@rssn hémogérous) clddr gl Eormed1 Tha @atdriyli wag aged for four
accompl | g, O kuiadtRSE Fobd o Shoufd U1 d to flow through the gel
- 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 (II) 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 (CoClye6H,0) were combined in a 150 mL

b}

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,#6H,0) were combined in a
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53. The process of claim49 wherein the catal yst preparation further
conprises reduction treatnent of the dried gel from(2). 20 9 April 2002
" 54. A hydrocarbon produced by the process as clained in any one of clains 1
to 17. 55. A Fischer-Tropsch catal yst prepared by the nethod as clainmed in
any one of clainms 38 to 48. 56. A hydrocarbon produced by the 9process as
claimed in any one of the clains 49 to 53. 2t .A AL5. A April 2002

. A A@ AQ@ A &@4 L
i ZgJOQ | ~¥rlﬁgxﬁ;}§ﬂm§§dg§5 l{'\‘g{]tgeian] cpgl%k"ééc?(‘j]5 cal| cﬁg %’g&&]nﬁbﬁ Uﬁugﬂm’ '%rcaU] C
a] c<a] ca] c&h ba;q:aqlwp 1Ctpad) cverecaddeds] Eae fineh pH aef the mixture was 1.34. A gelli
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] c aU] cal] caU] ca@he fihal aerpged biidealbwinpleainpesition pLik @&f)&q (@&@/NFCO 02)@@@9‘@51)%33 p49

5696667(5 042
R<e<=%$=1= >f é@@w vpke  ZTU] U] cal] ca] cal] ca] cal] cal] cal] caU] cal] ca] ca] ca]
ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] c@&dﬁ] ca] cal] caU] ca] ca

ABCEc| %9*J, J7J Kwnq uf SoMEMY o1 Al (D chloride (15.5394 mL, 0, llSlM), 6330mL of

e el T g s 3 e =
[IJ]OC ’E;i(f m;% WWW!Q A0IS0 ML}l digh Uﬂﬂﬁf:rmﬁmgﬁmmc [W?GPM]S‘B@,] Iﬁg]aﬁ gong{:cw]c 2L]C 2
a] ca! p|C19 alaﬂ N "{&@H ngk ?@J’""P ?@b{@%@%ﬁ@é@aﬁ%@i@% Fab aRbE2LES152
Ul cral] caUlacgd _ﬁ%@t&}ﬂ fdned L'_mﬁ aateeildVlvag hged thrEour days, and dried under vacuum at 120°C

A A A DO:In:yY
enysnib, vPOF CAOPRaL] ohl) ca] ca) chl) ca o o

U] c*aU] ca] cal] c Thefind] w@gvhlld]iea@rmaw]:mﬂos:amtqfd{’hdq Wc@]“éﬁq?@@]?éﬁél ©&%xal ca

Ul c”a] caU] ca] canq{ - ehnmsuDN[ ’\$ *7B~y

U] cna] ca] cal] ca] caU] cal] ca ?Lﬂz ay] ca] cal ca

Ul craUlleau] caU] &a]aaiequs Solpt Uj'c'élﬂ‘E!]“é"a(@ botjde 0‘{484& ’uﬁﬂf 2}%11404 o

U U ca] ca] calldidl eériuk] 6xidd Qah £Ald 6] aissh @ of 1.0 M aqueous cobalt chloride hexahydrate
solution (CoCl,#6H,0) were combined in a 150 mL petri dish under an inert atmosphere. The final

pH of the mixture was 1.51. A gel-like material formed. The material was aged for four days, and
dried under vacuum at 120°C for 5 hours.
20 The final xerogel had a nominal composition of Ru (0.05)/Co (0.45)/Ce (0.5).

TABLE 1 (225°C

Ex. cit
No. Catalyst Productivity Alpha

1 Ru(0.05)/Co (0.45)/A1(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)/Al (0.475) 256 0.77

6  Ru(0.0475)/Co (0.4275)/K (0.05)/Al (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)/Al (0.531)/Si (0.059) 88 0.79/0.89
10 Ru (0.01)/Co (0.4)/Zr (0.059)/Al (0.531) 69 0.77/0.89
11 Ru (0.05)/Ce (0.425)/Al (0.425) 53 0.78/0.9
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U] c”a] ca] caU] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU] ca}g}r

rWjlag{vagl fa[VU U U] ]cal] ca] caU] ca]ca]ca]cal ca U c”a]ca]ca]ca]ca]cra

Ul.cMa] ca] cal] ca] ca] c™a] ca] ca] ca] ca] ca] ca U] c”a]ca]ca] ca

U craq[ * MbeOrk| w mhc”YT] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] cal

ca] ca] ca] cal] ca] cal] ca] cal] cal] ca] cal] ca] caU] ca] ca] call ca 9 April 2002

L ~hbK~xr1f_ ZTN ! al c

201 caU caUl aUl aBRS O RHG DA GALAE 430 call call cal ca] el cHuis

\ui UHfJJi | Vﬂ‘j dA>lj]Ri3‘ ZRMI(&&GJ)H&QM%Q@MS?M mg&;aw caﬂ Caﬂ’qaﬂ cab{/hs:gch?g} ca
caU] cay] cal] caUl caU] cal cal] caU] caUl cal call calU] cal] caU] cal] caj / adgRo

ke _YTQ U] ca] cal4 g&ﬂ(&"h&wg&ﬂi éﬂi@’%@ VY @L%)aU] cay] dau can’-é&U]gcaU] c\zg?

caa caa caa cals:allib]q@,b&mld Ufg;}deqa_hgu)fql@U]QQU]U]caU]U]ca( U} Ro\lJJ] Y}1\1\?kel_J]Y3'.(;'z);U]U] caU]] ca]U]

caU] cal] cal] cal)] ca call cal] cal] cal] cal] caU] cal] caU] ca] cal] cal] cal] ca] c

aU] caU] caU] ca] t&] @é!]@ﬁ%ﬁ%ﬂ@éf)é‘%ﬁ%éb‘ 10% & ()-! 115 0.81

#10% & ()-@SIT% & ()-9A0N & ()-LPI0N & () -I0% & ()--CaB #I0N & () -

$#10% & ()-9! #10% " & (f)-#lo% S& ()-#10% & ()- 10% & ()-n qrstu .

rS1!1#109& () - VWhileaoqpe ?qu embadiment qEthe gresent invention has been shown and described, it will

“610%6S& (bp uhdelidedShdt rariatiddddh b8 nalle to thi prefeliel binl8aihelKEvithbut de‘fax#ﬂ@%’&h e &

D #10%& &go?gl #10% fn)h I $#10% é - I (F# OW&'X&%; i ZgJLMKV7 1 10F;

. 5109’ () - FEOPR 1Q50@nd Which gre; , 159 Prosgnt dygation.  For| Quymplee ghe structure and

I NL Y%4# 50 Y@orapositishior the tilkaljdd Eanbk dodifiéd 8R4 th&prodess steps can be varied.

2oL O SR UelIS e ol G it . #90ic i
| F#10% ( &lircprpotutdd# i3S fifbanie< inl their entirety, U.S Patent Application Ser. No.0%/3%3,004, entitled
Fischer-Tropsch Processes Using Xerogel and Aerogel Catalysts, and U.S Patent Application Ser.

‘ No.o846,$43, entitled Fischer-Tropsch Processes Using Catalysts on Mesoporous Supports, both

iO ' filed concurrently herewith on August 18, 1999, are hereby incorporated herein by reference in their

entirety.

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

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 withiq the invention by the claims.
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2{2‘ (}/g%?&' () cobgloo |rﬂif1éi¢£ﬁ} aid bon@ithliOR&hdrdof 'd@Rrscl ORE fdtrik n@ReridOEipfiding P @
L% () - o0 SRPS Yot e i ook D TPl gt b

()- 10 10 1@goup consisting of cerium, zirconium, titanium, aluminum, silicon, and combinations thereof.

SV 8100 ()1 %WZ% pree ol SRRD b et fgone o QYRS e R
10|\90#:!9%&'akt)ut9%’9‘{9#‘1(!9‘5 mgle el 0% c& () - ! NS&H#109&' () - ! NS&#10%&' () -~ EWFW

f}/\XZ}_]$I1\(]) (?/&1I | 10:? The process of flalmL2$ ivgg;ggs é‘he(n;atnx rlnatitéa]l- Sg/ntené‘ ot(‘ ghe catalési (l)s(yg?nz ).

la ' Leda "p< ' tly o - & ''s '

10] M abc( c&%‘?@éﬁ’l*’kﬁﬂfﬂ&&“’%"

I #10%& () -! D'/ #4.0%& The- ﬂr@iﬂ$1&°/&hl(n) 2 wheinb he OfBat(y) metal i4 SR rom 'the( gidopiddd

dde} ne<lld &y%{gt%?%g %E u(n)num,%d%&n&%&s%ie@e@ ()-1" " 5#10%& ()-

| * 5#109& () -eetg
#109& (W3f ! D #1084 ()The lprmseml(lytwlm te mpatrix metal dwgeqmbinatigns of tignig apd - Fick

n;j-ma%/go% g <’1¢ ;lglg}'ingm??ﬂ?}@g?%%ﬁioﬂf L??(%mg% /ﬁlﬂmthum is from about 5:95 to about 95:1.
+ ' ' f - N A ; ) . .
& ()-fol poar q(q) b q7atfwrepess P@M‘df’/é‘“‘(")“! the s3Hjytigally actiyqymetg] pomprises from about

0.1 to 50 mole percent of the matrix metal and catalyst metal combined.
7. The process of claim 6 wherein the catalytically active metal comprises from about
20 10 to 50 mole percent of the matrix metal and catalyst metal combined.

8. The process of claim 7 wherein the catalytically active metal comprises 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.

9. The process of claim 8 wherein the ruthenium content is from about 0.001 to about 5

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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10  and aluminum, and a mixture of titanium and aluminum,

17. The process of claim 15 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.

18. A Fischer-Tropsch catalyst comprising a reduced aerogel or xerogel formed from the

15 destabilization of a colloidal mixture comprising a catalytically active metal selected from the group
consisting of iron, cobalt, nickel, ruthenium, aluminum, and combinations thereof and a colloidal sol
of a matrix metal selected from the group consisting of cerium, zirconium, titanium, aluminum,
silicon, and combinations thereof, '

19. The catalyst of claim 18 wherein the colloidal mixture comprises a soluble salt.

20 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)y4, Ti(OR)s and Zr(OR)y,
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.
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20 "’ percent of the tota{ x)netal and the rhenium content is from about 0.001 to about 5 mole percent of the
total metal,

3s. 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, titanium, 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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10 46. The method of claim 45 wherein the supercritical extraction comprises the use of one
or more extraction fluids selected from the group consisting of CCl3F, CCLF,, CCIF,CCIF,,
ammonia, and carbon dioxide.

47. The method of claim 46 comprising reducing the catalyst in a hydrogen-containing
stream.

15 48. The method of claim 38 comprising mixing the colloidal sol with at least one
inorganic alkoxide selected from the group consisting of AI(OR);, Si(OR)4, Ti(OR)s and Zr(OR),,
where each R is an alkyl group having from 1 to 6 carbon atoms.

49, A process for producing hydrocarbons by contacting a feed stream comprising
hydrogen and carbon monoxide with a catalyst in a reaction zone maintained 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 AIOR);, 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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56. A hydrocarbon produced by the process as claimed in any one of the claims 49
to 53.
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