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GATALYSTS, widibd/53s3REPARATI ON AND USE | N FI SCHER TROPSCH SYNTHESUSyolbE4eD OF
THE | NVENTI ON Thi s invention rel ates t oy mﬂm‘t ai ni ng supports, their
preparation, and use as catal ysts (V\nth“mmm\“ s)) for Fischer-Tropsch
hydrocarbon synthesis. Mre particularly, thiSetnvention relates @ AU 2002
material that can withstand the high water partial pressures often

encount ered i TrIXNIACGATHL ¥3TShFH EIRPPREPISRATION ANBSE INSFISCHERased
processes. BACKGROOND OF THE TNVENTTON United States Patent No. S, 140, 050
descri bes i nprovenents in the prfROPSCENSYNEIBBS t s useful in the
preparation of Fischer-Tropsch catal ysts, and the unexpected results
obtained fromthe use of these catalysts in the Fischer-Tropsch process. As
useful as these inproved catal ysts and supports .  have been, the operating
conditions for Fischer-Tropsch synthesis, particularly the relatively high
wat er partimﬁ_ﬁMm as a result of the FischerTropsch
reactions, ng of the catalysts and the formation of
excessive fines in the reaction mxture. The fines have several deleterious
effects including the clogging of |ines, reduced catal yst efficiency, and

| oss of catalyst thr ouDhisfinvértion refitey) titanta comtaisiing soppéits, theis.
Consequently, there is a need for the devel opnent of a catal yst that can
retain its iprepapatioy, and wsedas ¢atalysts (with &ddd(ﬁl‘netalgs)) fordridehersTrapscing
conditions such as_ are present during the FischerTropsch process.
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BACKGROUND OF THE INVENTION

United States Patent No. 5,140,050 describes improvements in the
preparation of supports useful in the preparation of Fischer-Tropsch catalysts,
and the unexpected results obtained from the use of these catalysts in the
Fischer-Tropsch process. As useful as these improved catalysts and supports
have been, the operating conditions for Fischer-Tropsch synthesis, particularly
the relatively high water partial pressures that occur as a result of the Fischer-
Tropsch reactions, have led to the weakening of the catalysts and the formation
of excessive fines in the reaction mixture. The fines have several deleterious
effects including the clogging of lines, reduced catalyst efficiency, and loss of
catalyst through filters, as well as clogging of filters. Consequently, there is a
need for the development of a catalyst that can retain its integrity -- and thereby
its efficiency -- under steaming conditions such as are present during the Fischer-
Tropsch process. In particular, the severity of slurry operations combined with

the steaming conditions requires a catalyst of high attrition resistance.
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enpl oyed as binders for a titanic containing support to achieve the
integrity W3PS of a catal yst used in Fischer-Tropsch synedmues®s/025doe
"catalyst is fornmed by dispersing one or nore netals active for
Fischer-Tropsch synthesis, e.g., Goup VLLI netals such as cobalt o AUG 2007
rut henium over the surface of the support. Thus, a high-stcerigth -- as
nmeasured by attrition resistance -- catalyst is forned that naintains its
integrity urg{m;g&r}gytépwgfnjgﬁﬁgg@hy hi gh water partial pressure at

el evated te —e g, = —used in Fischer-Tropsch processes.
U S. Patents #5, 140,050 and 4, 992,406 di scl ose porosity inprovenments for
titanic containing supports by virtue of the use of alumna or zirconia or
silica binder materi alh accordarideavithrthrinoéntivre botle silica ahidealufiiieahreon
descri bed herei n, however, discloses that the use of silica, a less
preferred memploytd akbinddre fomatisania contadring suppertiterachievie the imtegrity
produces a titani ont ai_ni ng terial wth greater attrition resistancge,
either in arqt;«lrscf ofa Wum@@‘ém%%ﬁm sm$§¢51§-h§fkleeqa¢ wt ig formed or
silica al ong, nseguent | t here | seem nomal v _in t fact that the
2ddi 1o of by SRBESIERR Be aiat oetelh RIS BRGBETTRschlnintien 584 (ani c
and al um na i t i L.sm by
whi ch the syner y@ %%%gﬁgﬁﬁ?%mproguc’eoﬂ%ﬁgs@k@ﬁg{bﬁtﬁ?wgé
cont ai ni ng MEfR] adigh-strefgihraras mieyRired by \Whititionelisyintei-Ddatalyshes Rried by
any particular nechanism we theorize that in the finished, calcined
suppor t snalthatsnhintainsdtst intdgrity amdep gopditions ofiselativelychigh tveatéppartiabt ween

| arger alum na particles and nuch larger titanic particles, and serve as a '
PCT/ US99/ 023ressure\at elgvategdtsmperatnresseq.0bbud00°G, used indtisches-Trapseh of
chem cal bonding agent. Thus, silica crystallites can partially nerge with
bot h al umi né’rﬁﬁ%sfgt anic crystallites to forman essentially continuous
crystalline phase. The silica acts as a binding agent between the al unm na
and the titanic, and the steam ng either during calcination or

Fi scher-Tropsch synt hegi . P4teatst f N6 i §ehﬁb°1% iy xed
boundary phases of si Figléga I\)/\,1 t hs%%ﬂﬁ,&)ﬂé%déﬁ?%ﬁﬂ%ﬂg (t>| t'ani ém, Furt her,

al um na by iitmprbYemnients footitariia contdininigt suppottabiyoviftng ofthy updpf alumtink ot ces

are relied upon to bind the particles. Steam ng may well disrupt these
physi cal f orZdwenigoes silich\bindergnatesialse intthatornder nfiprefarenceniThe inxenfzon
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e ordina %dhﬁﬁhﬁggeﬂfafeﬂm%ﬁh BREatS atﬁiéoxg}é&g?gkﬁc aBfthePfh 28P¢ stifeot dnder

mnutes in an ultrasonic bath. “Curves A B, D represe titanic
supports wi tstearhitpGshditions, than eithehalaiming ofsilivh ol Gjohmgmklgﬁhm isad
fresh silica-alum na binders, respectively. DESCRI PTION OF PREFERRED
EVBODI MENTS steming anainaly imthei factithas mhmdci/mbn of agass prafeed matexal tala
preferably containing at | east, about 50 wt%ti t?ni.c, nore preferably at

| east about YMNRRSIION FQHW@“&BG"M’@f%ﬂWEﬂS& t5 4R AN VEASTONECF SHAROTHT  at
| east about 1:9..This material is adm xed with suitable amounts of silica
and al uni na B8¥ as binder materials, where the binder nakes up | ess than
about 30 wt% preferably |ess than about 20 wt% nore preferably about 3-20
w% still nore preferably 4-15 W% yet nore preferred 5-10 wt % of the

WO 99139825 -4 The mechanism by which the synergy of alumina and silica

produce high strength titania containing material is unclear. However, while not
wishing to be bound by any particular mechanism, we theorize that in the
finished, calcined support small silica particles occupy positions at the interface

between larger alumina particles and much larger titania particles, and serve as a



* - 6 AUG 2002 total support. The silica and al um na binder m xture may
_contai n 50 wb%mees2b ess silica, preferably about 3-50 wt % silpEpusiRpEso
preferably 5-3 5 wt% silica. The support is typically formed into porous
particles with essentially spherical or cylindrical shapes by the -6 AUG 2002
wel | - known net hods of extrusion, pilling;” fableting, spray-drying, etc. A
preferred nethod is spray-drying, in which a suitable aqueous slurry of

titanic and hinder materials. is atonjzed i.pto a chanber pur wi t h heated
air. Spray-dapd ﬁg chemifiad bon “@&%PF-%“% WFWaﬁﬁteé Cg{lf@f&é&ggwgge about
20 to 120 m_crpms ich is | l. sui .fO ' Je Fi.sgher - Tropsch
orocesses. | ith Pt At hd Wiania iliuslo SRR e Setfily soBiRGs

bi nder conp - Aar kX : b t AR 1 L f he
form ng_ oporafsarepmas, Thetiich ActEa} oeARlgRIRAE bt oIR (GE Wfimid Aldht
preferably ial hid did steatn dueingSllGinafi6nh of FidtheR-Trapstl iatlediss made
fromalum numchloride, acetate, or nitrate are preferred sourcés of the

al um na conpnay furthdrehe fosmation dfdhlese miked boundaryphases ef silice dvidoalunsna of

the silica conponent. In each case, however, care nust be taken to avoid
cont am nat i cnduiliewith titanise rFusthes, alpmina byritsslf degs notankrawel ovith Htanie
active Fischer,Trqpsch netals. For gx | e, alkali an | ka).i ne. earth
Cat 1 ons. and A6 qly PRysical farkes B shied Bhen to Bindihe AtcfEs. SRR M ons o
cobal t underhLi - . jtio . . 101 £2ed. ]
preparing su‘ﬁ@!)?ggﬁétotﬁég‘gﬁgﬁ'&gggg%’s §SS‘@9S’£$§&§3?3§§P§EB% {‘r@pﬁ’ at '%1
cal cined aft 'm’-ﬁ%- ; : : ont | , to
canvert the lgfr%aeti‘gge p fsagng?gtﬁhtraaﬁel gé%?gﬁzehwgﬁ(}hceﬁgﬁgl e. 'Ilhtlws% C%P%h tion
i s typicall )tseHf i aiote¢ood hderdiecheswef s uffasity forgitagial whithXihseptht000C.
Wien preparing Fischer-Tropsch catalysts fromthis support, netals
cat al yti cal Isfhieecto bose mucht dfdtsseparateneBsopsch synthesis are conposited with
the support. Preferred netals are those from Goup VIII of the Periodic
Chart of the Elenents, particularly iron, cobalt and ruthenium wth cobalt
and rut heni um being preferred and cobalt being nost preferred. Pronoters
may al so be enpl oyed such as zirconium titanium rhenium hafnium cerium
t hori um and yEQORY Nd% t Wmsgawn to ! CT/US99/ 02540 WO 991 39825
PCT/ US99/ 025[35 -5 PTI% A F-i;%gg)rteﬁose skilled in the art. The netal or
netals are present in anmounts that are catalytically active for
Fi scher-Tropsch synthesis and will vary with the netal being sel ected. For
exanpl e, ruthenium i s Figate Inis a platof thessanic attritionanfwiarioussampleshwberetlisal t and,
. : : ] 0 .
coar 1 BReRe S Be BRI S RPN BT RCR s Rl
preferably Sua0 @hRs Al Bl C MOTPreprQbA AR sdiiorR Wit tedhaDalBmHIDEMS ar e
enpl oyed, they are used In quantities less than the active catalytic netal,
e.g., in weiahjiminaatéamedailicatabuning,/and fresh sili¢Halvadmachinders, lrespectivele et al .
()This invention al so contenplates the use of rutheniumas a promoter in
conjunction with cobalt as the primary active catalytic netal. ) The nost
preferred catal ysts are those containing cobalt and rhenium cobalt and
rut henium and cobalt and thoria, particularly cobalt and rhenium The
cat al yst caDBSCRIRTIONOFBREFERREPIEMBODBMENT§ues wel | known to those
skilled in the art, including inpregnation (either co-inpregnation with
pronoters or serial inpregnation -- either dry or by the incipient wetness

techni ques). Since a pﬂgg‘%ﬁig%@gﬁ@,{%}/@bﬁét gﬁébé%gulgt%qngieﬁﬁitbg&?éé@gsch

processes is one wher el e catal : are present uter
portion of tdaftatrifgatiedst BBt iS0VRYs titaBia, mote pref@iisly anlRasiRbeut $BR1%3aria Cr ons
deep, preferably no nore than 200 mcrons deep, a preferred nethod of
preparing t laad paefetablythas g rutile:agaseyratie of atleagiiabout 1s9.d&bismasexialiinadmixel
Pat ent 5, 140,.050.. jnhcorporated herein by referepnce or in EP 0 266,89
| ncor por at edHERLteheGIoRBrGH ahice anEamuh AFYE of Dirier mateBplscHeF duclnger
catal ysts arifalds &b fiss iah dEBECIPU1%] reRirf) 188 HHARSBout TS #HA oA préferably
spray-dried supports.

about 3-20 wt%, still more preferably 4-15 wt%, yet more preferred 5-10 wt% of the




Measurenent of the strength of titania containing particles is not an easy
t ask ‘becaus¥OMPAE2§ di vi ded attrition products have a tenden®ETUSIHNMI4I e t O
"the original particles and are not detectable by conventional nethods, . \
e.g., the well known Davison Attrition Tegt., Mcrotrac or Ml vern |i g AUG 2002
diffraction instruments. Consequently, a new accelerated attrition test was
devel oped, wherein the results are reproduci ble, and based WO 99| 39825
PCT/ US99/ D250l support. The sifit i Slamiia bl RRabR: :thf &&gaiﬁ%w/i oPlebd difid
products is belie to operate In an erosive or dgrinding environment
simlar to tpreferablyaboute350 w4 silicge nokeipreferabbyl B43lSewt®olsiticen uni ts. The test
consists of treatnent of a snmall sanple, e.g., about 0.5 to about 3 grans,
of catalyst or support suspended in acetone, and subjected to an ultrasonic

bath for a prescribed L . L 0, | i .
quantify the anount of II’?E&?OQ-II {stt@f,@allag}?ﬂ?{:ﬁéiso ﬁ‘%ggpi‘#gﬁfeggﬁﬁrﬁeg%g{ﬁ@ly@an
di ameter, pr .ﬁ@ﬂ-or-E Nixidricgl ﬁlaﬁésabyﬁth@fweﬂﬂdmbvﬂ,méth@d/@ﬂ éxfrusioh, pilliagon si ze,
and suspended in 12 acetone is charged to a 0.5 oz. bottle. After

soni cat i ng i vableting,cspsayadryinge etc2 20 prefierredamethod istapray-drying, inawhigh asnitablg rt y

m nutes or npre, the mxture is filtered.through a, 500 sh screen (.25

T or o’ opent THSPUBABEY ot G1As5e A inger ratetials H HIPaL IOt OR SADST BHEE b The
solids are tjefed\@shSprapl o lefichl withackided biie20

wei ght percent (W% grzagdér‘{?gggﬁa yigi?j.gﬁﬂ'lqﬁe I%?}'Ss,pcdrggr-ﬂ oﬁscﬁ%ﬁﬁgﬁ ,g&g a
wel | known pi20cmirons)whidhes metisuited for mselirt shonsFisehee-Trepsthgeseessdsed i n t he
available literature. For exanple, tenperatures may range from about 175 to
about 400C, preferably about 180-250C while pressures nay range from about
1- 100 bar, preferably 0 gg\/- rall range from
0.511 to about 4/1, pre gwaeﬁl}(ga‘g]g%vé? h%@%e{nﬂ%’ég‘p% |¥%\c}msﬁ%ﬁ§l E’emer

st oi chi onet r camponenty arp migedowiththeltitanib etattingdmirerislbefiore thefoeming operatidhe

catal yst made fromthe binder of this invention is preferably used in a
slurry, e.g. They may pe pddadopacvagety afiformse assalis ofpesferablypsealioidal suspepgons

elocities a . 4000 A preferre Lurry.bubbl e
Lol oem: oper aoYsdié B8 SRR RliHind (16 whbe A0 iR Gl ooba drhiPib e
herein by repefarsiesourestyPtifealuimh ¢Bmpbhdifi ResdpRiVailsbld sl mmegﬁé_#erma
spray-drying m xtures of various binders with Dégussa P-2 Ti02. i ed

supports wer sousegscofitbeisilica camponeo0 dneach a3eJOWeaver, care must bedakenrte avaitle
anount and source. of. t he . al 1 na bj nder an f th 99| 39825 .
PCT/ Usoa/ 02sstamipatipn of tisss biader;sols by glggagnts ‘?‘ﬁ'ea’\ﬁﬁ’%@%;ﬁ%@‘e Bftye fischer-

spray-drier fTRsfich aethls. "Porf dxambleC alkali Bad AlR4link RIRR catidtstand $aMRsH-dddtaigAgh Of
these twel ve supports are sunmarized in Table 1. The al um na chl orhydr ol

sol was nadeanignsgastiEs BDalfdte are, potient ipgisatsof cbalCxnd@(Fischad Toapsclncorditiansout

23.5 wt % A1203,, Anal vtical .i. ti . I h in Table 1, includi
the data froRRFE mishbS pipitoided i prepering weparts R Eobelt FRgVEsnt ent refers to

t he wei ght percent of ¢t i ey b i mmg’-

bei ng the anatase phase, gﬁgmﬁ}]ﬁ‘ﬂ@g@@yg@@ig%??ﬁgcﬁ on ?ﬂg%?bp%gq%)
SA refers tobinterspind, optibratly, raaven theRivatasé phiase bftitanéa toaherutidé pliase.oThisor es
| ess than about, 5000, angstrons_in diameter, neasured by nmercury porosinetry
(usi ng a ner ealginatiomis sypically pedfouned inminps gerapesaturesranging Som D0%or OPPES ent
the base case with an al um na bi nder and possess reasonably good strength
here but, as will be shown later, |ose strength upon steam ng. Exanples 3-5

with silica sots from dwhép@piringbTsehes TAdpssit Bathly§s Frofi MkkuBPon Shdtaleak
particles wth a hlfgh portion of fines present after calcining, indicating
Yt

t hat the usecatlytical ¢ fatdhe Bischee-Tiropsch synthesisdre somposited. withthesiippost.
i|lustrat iS i i ith the i ti f a bi i sti f
it ure of PIRSTREY el st Somp Beouh B 8 heiangtte Chart of thEfediats « hi s
t sh : t i i:1 i on: h,
Song t hooe. TaticBlang R, cbaftafd RithEun: el Bl st YRARAFLARE breief Bl

700C and hencebattcseing mosk preferred. Promoters may also be employed such as zirconium,

titanium, rhenium, hafnium, cerium, thorium and uranium, and others well known to
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| ower rutile content in the titania) higher surface area, and higher pore
~vol une conweo esj3dses Exanpl es 1-6. The hi gher pore volunme is arwesemRsbl v

i nportant feature because nore active netal can be deposited per incipient
wet ness i npregnation as pore vol une incresases. Exanpl e 7, using the sane
m xture of alumina and silica binders as Exanple 6, illustrates that thgAUg 200
significant inprovenent in pore volunme gained at the | ower cal cination

t enperature can chieved with anly mmnor loss in particle strengt
Conpar g, xR slied i the 55 1otk el SRty ekt GcarE resR ety
alumina to gidvedBr FislBr¥rdpdch sgnthesit ScPwilVasy Aith the et bRAELeIGh A For
conposition, results 1n a 800 pore vol une. wever, highef total binder
concentr at i example, rettniver susudh mothactive/imshis enaronmeene thaalcobat amls asbhown by
Examples 8, 9, and 12. Exanples 11 and 12 i]lustrate that WD 99/ 39825 .

a .
PCT/ US99/ 02Sarsequencaissed srpamgunts gangingdrom pagut 0cd G wt'a wehils sobaltwl by usi ng
al um num ni I . a ] i CE: he
a1 um na b1 nEsperal ARS8 m kU eoRt A0S Bors Breffiaul 3G A% i ote
silicais agﬂﬁ@}ab]g 10lagwWwita- bound supports after spray-drying. Silica was
added by inpregnation of tetraethyl silicate from nethanol solution,
foll owed by drying and calcining at 800C for 3 hours in a |lab oven. As

i ndi ted i t he t abl h of th ili t dded | . b
Vol at il teation dur ng WhE Erpiiters Afe Supinfed fhed S el T quidbtiss ey thap the
probl em f o aéieScatBjaeralRee, ih WAEH: FIdsIOF abBR 1920 1oFBr10 Bied'GATRE A@ReON t he

support did nothing to inprove particle strength. In Exanple 13, addition
ofi silica t metdie (Fhippoentiorf alix conséraplates #id wsd of authertiimeaa lalpyomoter ov e

strength. Exanpl e, 14 yse support with the same c sition gs anple 1,
but was a nﬁE‘HﬂBWé&QéY“ ¢ tiaﬁgﬁﬁmwwptl\é&caaaly%ma?ﬂ?ﬁwm Pffg%ﬁgﬁi ned at

850C in a s 1 fﬁérﬁ{fﬁ . :

spray-dryi ngﬁgﬁﬁg%ﬁﬁoﬁent a bﬁgégﬁgﬁﬁa@gﬁai%Fmﬁ nta i agﬁlén}?%ﬁg%b%ﬁg? 4
Degussa P- 2thoranpirtitilafix eshpltemdrieuh5, t he supports becane even weaker
after the silica addition, reflecting perhaps further weakening of the

al um na binder by steamng in the calcination step. Fromthese exanples it
is clear that for sili j ' ' ' oved
bi nder - tho two muet BaeseaLish e SEPehARFLY Ryattd BRI B8 Bl
further def thuseskitied inthé art, incliding\imprégaion’@ihéri dociipregnatiowitRprombietsy st s
were prepared: a base case with a titanic support containing 6% A1203

bi nder, andO&Beriak inpregnasiont- eishar gy pr byvthe dncigient syataesa technignesd. Sinspért wi t h

6% of 9:1 AL2Q3Si P2 hi nger.._ The ray-dried support.s were made sim.l.arly as
"1 Bxanpi co PTG S 67 ret e THeRY TFosSth BBRERER 8 o€ RGHE B Tnlivic 1y

i nci pi ent Weiepa$ arel presefifinahé 6t poRidndT RO 4tal P phiticR)i.€f incPldjérinothéreat e and
perrhenic acid, followed by air calcination at about 400C in a rotary

c)al ci ner. Dhasl 250 misrang daep, paefeeablyl nramprertban@@emigspns degp; oprefamedeethod
final netal Loadings, The,cat sts were tested wth 2/ synt hesi s
gas in a snakP’W&j‘hﬁé’a&FYégﬁa*h SPray mﬁholde‘ﬁﬂﬁlf 1S§ﬁs%e§%l%§§ﬁt catal ysts
wer e hi ghl'y s3¢f0i050, Beerpdeated hérdi ByreferéiRe of IEP 02B6X08 M6 PO A &PRETein d§
shown in Table 3.7 "WD'99139825 g _ PCINS99/ 02540 > 6 AUG 2002 The final,
nmost criti catferencenBoersiuresFischardgopschproesesses,otatalysts dre peeferablyanadedyhi gh
steam partial jpressure at noderate tenperature, such as that generated in
hydr ocar bon IRSiNeM egtaess yppregnation: of sprydned supRATPent , portions of each
catal yst were charged to a fluidized bed reactor and treated with pure
steam at about 250C, 6.8 atm pressure, for a period of six days. Fresh and

steanmed versi ons wer e NMbssarehvent ofithedtrength af titanid contditing partioles isumit ag ehdye
sonic attrition test at a_ variety of sonication tinmes. Results are

summari zed 4askibessnse dgelyalivided aftritiom producanhbpvglagendegey to adhgrate the origingly r i ng

test ' {nor eapaiticigsnd efor @Rl BB LS. Ban e S ihont Blisbh ' "
the al um na AMritifr Tést MicrétfacSdtVEIvVEM lighh@ifffaction qi%hamelﬂ_a.e Cunkéduently, dHeha

bi nder of this invention (line C) weakens only very slightly upon steam ng,
still mai nt accelergted attriidi tesowas devefopethwhemisttba rasultairarepradecikle, gndibaseds) . A
remar kabl e i nprovenent in initial strength and steam stability has been
achieved with the inproved binder. Table 1: Spray-Dried Titania Supports




Exampl e W9 A1203 Source W % Si 02 Si 02 SourceW % Solids _in Spray-
Dr'ygﬁ Feed‘@%%gt ion Tenp, C Rutile SA PV Sonic Attriti d’ﬁf@@??’gﬁ‘? dr ol
" sol Onone3680094 ' 170. 3b3. 926Chl or hydr ol sol Onone3680095 :
~140. 343. 630none6Nyacol 2034 D.|.23832006 28- - 40none6Nal co ~ 6 AUG 2002
23272087170. 30- 50none6Nal co 1034 A2092170. 3010. 565. 4Chl or hydr ol

sol 0. 6Nyacol 2034 D.|.36100093170. 331. 175. 4Chl or hydrol sol 0. 6Nyacol 2034
D. | . 367001 &HSEN4sho?d ditrographisiofdttrited phddactslis Bxdided to operate in an erosive or
36700! 4510, 50--910. 8Chl or hydrol sol 1. 2Nyacol 2034 .

700! 4529inding enyEeRMENtjmtasito dha envirapmentin fuge slurry, bubble column units.
70015550. 38- 115. 4Al um num ni trat e0. 6Nyacol 2034

70014500. 47-1210. 8Al um num nitratel. 2Nyacol 2034 D.1.70013550.35- 0 w N

1.
1.
N
.
O -an NpaoN Thetestconsists of treatment of a small sample, e.g., about 0.5 to about

CcCOo0Oo0o

3 grams, of catalyst or support suspended in acetone, and subjected to an ultrasonic bath
for a prescribed period of time, and followed by filtration to quantify the amount of
fines, i.e., particles less than 25 microns mean diameter, produced. Thus, 2.5 grams of
sample, sieved to +45 micron size, and suspended in 12 ml acetone is charged to a 0.5
oz. bottle. After sonicating in a Branson Model 2200 ultrasonic bath, typically for thirty
minutes or more, the mixture is filtered through a 500 mesh screen (25 micron openings)
onto a 0.02 micron filter membrane (Whatman Anodiség)). The solids are then washed
with acetone, dried and weighed to determine the weight percent (wt%) <25 micron

yield.

The Fischer-Tropsch synthesis is a well known process and the reaction
conditions have been described in the available literature. For example, temperatures
may range from about 175° to about 400°C, preferably about 180-250°C while
pressures may range from about 1-100 bar, preferably about 15 to 40 bar.
Hydrogen/CO ratios may range from 0.5/1 to about 4/1, preferably about 1.7/1 to 2.5/1,
with the stoichiometric amount plus or minus about 3% being most preferred. The
catalyst made from the binder of this invention is preferably used in a slurry, e.g., a
shurry bubble column, reactor where gas hourly space velocities may range from about
4000 to 20000. A preferred slurry bubble column operation is described in U.S. Patent
#5,348,982 incorporated herein by reference.

EXAMPLES

Twelve titania supports were prepared by spray-drying mixtures of
. . . 8. . .
various binders with Degussa P-25 TiO2. Dried supports were calcined between 700°C

and 1000°C in rotary calciners. The amount and source of the alumina binder and of the
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measured by mercury porosimetry (using a mercury contact angle of 125 degrees).

Examples 1 & 2 represent the base case with an alumina binder and
possess reasonably good strength here but, as will be shown later, lose strength upon
steaming. Examples 3-5 with silica sols from different commercial suppliers produced
very weak particles with a high portion of fines present after calcining, indicating that
the use of silica binder alone is not a viable option. Example 6 illustrates this invention
with the incorporation of a binder consisting of a mixture of alumina and silica sols in 9-
to-1 weight ratio. Already this support shows the lowest sonic attrition value, and hence

best strength, among these unsteamed examples.

Examples 7-12 in Table 1 were calcined at 700°C and hence contain
lower rutile content in the titania, higher surface area, and higher pore volume compared
to Examples 1-6. The higher pore volume is an especially important feature because
more active metal can be deposited per incipient wetness impregnation as pore volume
increases. Example 7, using the same mixture of alumina and silica binders as Example
6, illustrates that the significant improvement in pore volume gained at the lower
calcination temperature can be achieved with only minor loss in particle strength.
Comparing Example 8 with 7 indicates that changing the proportions of alumina to silica
from 9:1 to 2:1, in a constant 6 wt% total binder composition, results in 2 good pore
volume. However, higher total binder concentration, 12 wt% versus 6 wt%, gives lower

pore volume, as shown by Examples 8, 9, and 12. Examples 11 and 12 illustrate that
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3. The support of claim1 wherein the binder is about 3-20 w % of the
_support andvep¥/3982s i s about 3-50 wt % of the binder. 4. The sBOPAISHI/02540
conposition of claiml wherein a netal active for pronoting a

Fi scher-Tropsch reaction is dispersed on_ghe support. 5. The corrposPtﬁdHEéﬂﬂZ
claim4 wherein the nmetal is a Goup VIII nmetal. } 6. The conposition of
claim5b V\/nerei n the netal is selected fi omthe group consisting of cobalt,
r ut heni um Skt FeStied A8 0BRned by Sl SARRAN hitrBfe iRfiekd G difimgher ein the
metal is pro te a netal selecte romthe group consisting of

rheni um hafd\ldnlﬁydrzisrotamhernouﬁ&roﬂlhealtthalhmderand uranium 8. A

Fi scher-Tropsch process which conprises reacting hydrogen and carbon

nonoxi de over the conposition of claim4 and recoveri ng CS+ hydrocarbons.

To. The process of ci A Hs 2 SUfEe M QTS AIPAIAheERnt il Ridad 10, L1,
3 wherein t hgurinhiband %ﬁwﬁtajﬁr ggﬂym&ynh@esmca $RK addel by imiprasREsn bOr

preparing the support of , 3, or 11 conprising form ng an
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the spray dried support i s calci
method. More importantly, the silica that remained on the support did nothing to
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improve particle strength. In Example 13, addition of silica to the support of Example 1
failed to noticeably improve strength. Example 14 used a support with the same
composition as Example 1, but was a much weaker starting material as a result of being
recalcined at 850°C in a static oven. Example 15 used a very weak support prepared by
spray-drying an experimental, precipitated form of titania instead of Degussa P-25. In
both Examples 14 & 15, the supports became even weaker after the silica addition,
reflecting perhaps further weakening of the alumina binder by steaming in the calcination
step. From these examples it is clear that for silica to ﬁmction together with alumina as

an improved binder, the two must be present in the initial spray-drying step.

To further define credits for the new Si02-A1203 binder, two Co-Re
catalysts were prepared: a base case with a titania support containing 6% Al203 binder,
and an example of this invention comprising a titania support with 6% of 9:1 Al203-
SiO2 binder. The spray-dried supports were made similarly as in Examples 1 and 6 but
on a larger scale. Each catalyst was then made by incipient wetness impregnation of an
aqueous solution of cobalt nitrate and perrhenic acid, followed by air calcination at
about 400°C in a rotary calciner. Double impregnation/calcinations were applied to
achieve the final metal loadings. The catalysts were tested with 2/1, Hy/CO synthesis
gas in a small fixed bed reactor, after reduction at 375°C. Both catalysts were highly

active and selective for the formation of hydrocarbons, as shown in Table 3.

j
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Example Wit% SiO2 Wt% SiO2 Sonic Attrition  Sonic Attrition
Added Found Before Si02 After SiO2
Added Added
) 13 0.6 0.13 3.9 32
14 0.6 0.13 14.7 30.4
15 0.6 0.21 37.6 46.1

TABLE 3: HCS TESTS OF CATALYSTS WITH ALUMINA AND SILICA-
ALUMINA BOUND SUPPORTS

200°C (280 psig= 201 3.7if), 64%H2-32%C0O-4%He

Binder Al203 9:1 Al203-SiO2
Wt% Co 12.0 10.6
Wt% Re 1.0 0.9

Bulk Density, g/cc 1.33 1.47

GHSV 3000 3000

% CO conversion 66 77

Mol% CH4 6.6 5.6
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5. The composition of claim 4 wherein the metal is a Group VIII
metal.

) 6. The composition of claim 5 wherein the metal is selected from the

group consisting of cobalt, ruthenium, and mixtures thereof.
7.  The composition of claim 6 wherein the metal is promoted with a
metal selected from the group consisting of rhenium, hafnium, zirconium, cerium,

thorium, and uranium.

8. A Fischer-Tropsch process which comprises reacting hydrogen and

carbon monoxide over the composition of claim 4 and recovering Cs+ hydrocarbons.

9. The process of claim 8 conducted over the composition of claim 7.
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14. The process of claim 13 wherein the spray dried support is calcined
at a temperature of 700-1000°C.

15. A process for preparing the composition of any of claims 4 or 5
comprising forming an aqueous slurry containing titania and a salt or sol of alumina
and a salt or sol of silica, spray drying the slurry forming the support, calcining the
support at a temperature in the range of 500-1000°C, and compositing with the
support at a Group VIII metal active for promoting a Fischer-Tropsch process.

16. The process of claim 15 wherein the metal is promoted with a
metal selected from the group consisting of rthenium, hafnium, zirconium, cerium,

thorium and uranium.

17. The process of claim 15 wherein the Group VIII metal is cobalt.

18. The process of claim 15 wherein the calcining temperature is 700-
1000°C.
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21. The catalyst of claim 20 wherein the catalyst is at least about 80
wt% titania.




