; 6789e3ekddet gdpgRk6kTk} WO | 12/ (1 GSSG. | PCT/ US02/ O.t G81 BORON PROMOTED ’(b
CATALYSTS AND FI SCHER- TROPSCH P S- REFERENCE TO RELATED Q\)
APPLI CATWON®/®83di s applicati On%ﬂmﬁ mﬁﬂmenefi t under BETUS®/@E681 119( e

of U S. Provisional Patent Appli Lg0/ 261, 298, filed January 12,

2001, and U.S. Provisional Applicati @PPW&D 60/ 262, 336, filed January 17)

2001, each hereb |ncor rat ed here| n reference RDI NG
FEDERALLBQ@R m@wwmr%fﬁﬁ@% LD OF THE

| NVENTI ON The present |nvent| on reI at es to a process for the preparation of
hydrocarbons from 15 synthesis gas, (i.e., a mxture of carbon nonoxide and

hydrogen), typi caCROSSREFERENEHTORELATEPABPIHICAEHINS Particul arly,
.this invention relates to the use of supported catal ysts containing boron

a Fischer T ch C YiHaC t jum
o SO AR ks o S P USRI
.20 Largaexquemﬂiichtii@sNommhwﬁa frl&dﬁhmumyrﬂc@ﬁq})braedtlj Smetsmnal Agplicatiane
available in 3%,y areas of the wor t hane can ge used a starting
mat er i Mp- §4262% ﬁr‘@d‘tﬂﬁ'ﬂ%mo?ooﬂy%ﬂcbé‘ﬁ yarcorpaged BErgHY kY 15f rfc‘ﬁcerret hane to

hydrocarbons is typically earned out in two steps. In the first step

net hane is refor xygen to produce
car bon nonoxi de SﬁgW%gwg\ﬁgg Oﬁ(i‘g %w#g}%g) In a second
stkb, the 25 syngas is ¢ Th| s second step, the
preparation of hydrocarbons from synthesis gas |s wel | known in the art and
i s usual |y Nefapplieagble.o as Fi scher-Tropsch synthesis, the Fischer-Tropsch
process, or Fischer-Tropsch reaction(s). The Fischer-Tropsch reaction

i nvol ves the catal yti c hydragg/mROFOTHE INVENTONONOXi de to produce a

vari ety of products ranging from nethane to higher aliphatic al cohols. 30
The process [y r

feodst ook, - SNgDresEIneaShIERRS L pbls TS ARain SO RERAIRAIrom,

pets Ocmmhe@m s, (he, aeimbaivet otbaarbemo-tmmwudwsnd ihydtoger®s aypibaly labeketiethear |y
1900's, and t e | ater work by Fischer and Tropsch dealng w t h_hi gher
hydr oc Bisphss- T§9Pﬂch@§¢c§sﬁna%af6@§éfrl.‘( Heig inyenting ml@)‘QQ)tosthe Ao W@P“?ﬁaf% yStS

S?mg""ﬁ%gmﬁﬁ")t&nr‘I%Pa%ﬁayﬁé%“r. n @é %gzﬁé%'ép ﬁ]g‘ﬁ/gr gﬁ{ EC&& '-(['g'gr rels per

day) ofheRikeyfietife F&Eélﬁr-rlwptf:lapfd:tesd with a cobalt based catal yst in a
fi xed-bed reactor. This work has been descri bed bk/(i)Fl scher and Pichler in

Ger. Pat. No. 731,295 i BACSRGRQUND OF JHE INVIENVIONCor por at ed herein by
reference. Commercial practice of the Fischer-Tr opsch 5 process has
copg i nued f Lavge {adtities of hethaneskamatiagomponBSoudfmaAfrali gaa, dre avdibbBASGIanyl ant s.

These pl ants use iron-based catal ysts, and produce [ i e in relatiyvel
p y p tgﬁ%ﬁ & & y

hi gh- téWﬁ%rOﬁttb‘? evaridsj dMejhane gan bsrysed s deiAring ed T’dW—"E‘E: Br%t ur e
f1 xed- Restol RGO P I&ﬁeﬁlarBfrnetrasreﬁgmygr/dattt«sﬁt % g@ﬁ%gg%aearamh by
exother C and reaction vessels nust esi gned guat e heat exchange
capaci ti¢ps. BRChbe st iep ethdns iy eéormetiovith sateeror partitilp paodizadeadh ioapgene®sel s

are gases while the product streans include |iqui ds%h reaction v ssel S

rrust hataslueshearbes P1099X‘t16 apd AydregeLdicy SkS‘FtBEﬁH%éaseﬁtchP ¢ feFogd StePeer ange
| qyi y

ga% | ﬁ\edgfi??)g%’oﬁg ura hgﬁ%g%gﬁsea?@% Sy&hnggbglgﬁ%gﬁgge% f% d{%ﬁgﬁg IQ'Hutﬁ‘gll"?lzed

bed f ogyfth&ahesidweniabwaynttest sndruscaiidetdred b as FisehdkTopsthSyathesisi n t he

m d- 19405 Based on | aboratory results, Hydrocarbon Research, 15 Inc.

const r thetKiechar-deapseh presess. on Kisdier-Seonselireeeion(®r ) the Hydrocol unit, at

Cart hage,

T% Fischer-Tropsch reaction involves the catalytic hydrogenation of carbon
monoxide to produce a variety of products ranging from methane to higher aliphatic alcohols.
30 The process has been considered for the conversion of carbonaceous feedstock, e.g., coal or
natural gas, to higher value liquid fuel or petrochemicals. 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. The first major commercial use of the
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amount of cobalt and a minor amount of ruthenium.
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25  catalyst compositions and preparations. For example, see the articles "Short history and
present trends of Fischer-Tropsch synthesis,” by H. Schlutz, Applied Catalysis A 186, 3-12,
1999, and "Status and future opportunities for conversion of synthesis gas to liquid fuels, by
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30 Notwithstanding the above teachings, it continues to be desirable to improve the
activity and reduce the cost of Fischer-Tropsch catalysts and processes. In particular, there is

still a great need to identify new promoted catalysts useful for Fischer-Tropsch synthesis,
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preferably, the Fischer-Tropsch metal further includes ruthenium or platinum. Ruthenium is

preferably added to the catalyst in a concentration sufficient to provide a weight ratio of
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uncondensedygask Later & obd e MEIERAL SnBnAICOPRES biters Of
aqueous anﬂwhgﬁglg%ir%h(gs sr(gcg Oglglr‘ygﬁﬁ)ilcn ?ﬂe evvax and (?ol d tﬁrglg%g@ and

react iliqGidoshask priodns stihl reastide nrer apetatiag anodipores skivegefoiehtbe iefffusnhsitcaon

coll ected was then analyzed to get a total as wel| as. indivjdual carbon,
hy8r o§Ethearractinny gae Wil oftgpbe 2y Mixsgdgehage W"Uﬁﬁ‘f‘bﬂ%g' ”‘r‘fia?'édr V4ot @g‘l"‘?fnces.

From t hi s .i.nf | ON, er.si 0 I daYdFR al |
B e e e G el e
wei ghtof perdfRnbl ehbuhtd by dydoasboms pnddasied (%) aamaspovilivaid demdratan zemct or
outputs were cal cul ated. The results obtained fromthe continuous-flow

Fi scheeparatingdbe liguidang seperadapnprodpgts: Theyepok B materal gnaysbepasseddni, of

Tables 1-2 lists the. [ t - |ty i 0 o] ative,
wot gnd FEmE e AR feqted dr3RBhioh R Bk, (BN flgidihadc tharef 5\
C3% Pramychd witiM (ffordiquidcsdpatayisoh zdnancgeiissr wih ahy diquid froms pesubsecglent The

relative amounts (i.e. stability) are with res%ec,t tothe initial material
bal ansepasetianozpne; maydeifpd driera fraggiqnation colomin g TYRICHHL ASSIPRINE £OHERY 1S/ el v .

That is, .th | at ] vari.ahl erpal e
pori o RO At BhtHBEOLE LU R e ople FRE DA P SPAUERES o
48-49 h@@#&fc&rl)oné/\hﬁz%e Yaised ime aeastisngionsdol@amwhere thay asdepaquedrity builieg i al
bal ancé period. The a value fromthe Anderson-Shultz-Flory plot of the

hy dr opair gangsriotfupiodusts sushbin naphthiaderosas addue. @l 1 Hydrosiripssiecovessty
C%bal %rsc}m %Hc react o%czt(;)'n\e/ealng 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



15 The results shown in Table 3 denmpnstrate inproved stability of catalyst
1 with respect to catalyst A. Each %inprovenent, for material bal ance
period | Mo exiess@s conputed by the procedure (Value in TaBEBU0204&1 ue in
'cl;gble 1)/ (Vval geclsn Table 1). Table 4 lists the hours on stream and the CO

nversion an + Productivity for the catalyst_ of | . ared
(o't halierderaseaiog een o mante Batiehyieiar A i siRmdts 5oRRdhs pudRG IS
each g%dr@é(r&\ﬁ‘am?ré rboh Mordfda. mat eri al bal ance period, was conputed by the
pr ocedur e alue tor Catalyst 1 - Value for Catalyst A)/(Value for Catalyst
A), where Wilhoat fartiehelabatatienpft iCBelovedethat ore geill@sin teoxttican,wising, thehe
tenperature was 220C, the pressure was between 340 psig (2445 a). to 362
(555 7dgprphemderaie Shlits I BERTy Tndaten ey fisuiget BRem. { ofhe f5gink
exanp ' b =4 - A Y4k
(rpur elpdihet® e b cobuaf ay R el B siot B Suhifiag Ale Beopbet the
. (1 ‘1/%71?l@gﬁ?@ﬂ&ﬂﬁgﬁﬂﬂﬁﬁm&mBﬂmeﬂélﬂc&&xaﬁﬁtew0\8’9 1ea®dasRed 1118 PdilegomenD

-4 Table 2. Catalyst 1. 20 9 .59 ~

1ot s (i s chet . SR HAGRIASE, B RG22
(%4818%%89l'rpgztél?ijnjo523098941269012l 100116901459612685 Tabl e 3. | nproved
st abi P y of oron-pronoted catalyst 5 A a (hours) CO Conv. (% CS+ Prod. %
145-147 12 9 Table 4. |nproved pEXKAMPBBESe of boron-pronoted catal yst A a
(hou_rstCO Conv. CS+ Prod. 48-491111145-147206 10 General Procedure for
Cb(htlt ( St_l_ ed Testing The slurry continuous flow stirred | ank
react or ta t [ it - S @l urr
Cirred t ankh Qb BErRlar AHRRCsHEh cLFEE AR §R8 (AP UCHERY i 1Y
t hr ee hg@dg&hpasRioage aplite FiettierMopdcheetion.t Whe ahiatylsi sedple T pdacsd swppl y
systenminvol ved nul tiple pressurized gas cylinders, pressure 15 regulators
ang/ i mohialliqiust cragde i awhawhernr aid pirged with %@I%‘ﬁ@é&@dﬁ lﬁgﬁ@)ui(‘i)dét,r()Wd‘l“ogen
and/or nitrogen to the.reactor...The carbon ngxi ifl ore
bei ng"P¥R ‘F‘i‘}g?rl‘l%'r? éﬁ%ﬁér’%‘"‘b‘%r g‘%%‘ﬁ%a"&“o&'?ﬁ%é‘%%a%r ﬂg’bég%’ﬁfjﬂ}?te fxpI aced
152 tlb%l%i/@ HyalGRef @1YCIrhiRBe 18P0 hid REBSLNDO°A A& drRaUP! THBZa@lybtsl | Ler
stai nl'ess- st’eel Irred autoclave equl pped with two stirrers on Zala singl e
shaf t weld thehdichetas 1 PCmeinuteas 480Y2ancheldait #AGTE fomfper heurs undéd K0tseemt op
stirrer was a pitched turbine inpeller. A thernocouple inside a.well in the
r eact Gt 7Trelktimas) hidrogenur The sasmaies wergrogoled v hydrogelt st purged Withquiregennay o
furnace for heating. The tenperature of the reactor was controlled by a B
t her Eg)ﬁﬁf’%e' nmeasuring the furnace tenperature. Gas was feed to the reactor
at the bot tmph of tehéutd1 pRGhBPles jubdd ink@ntnudiia et bamesting weterwedirohigh- a 1/ 8
in. tube. 25 Unconverted reactants and reactor products exited the reactor
a0t hdernpgratuter atiyAticinstep PHPhE KheitaarusingniBe 4p!lgwing grocedure: A\/@Q‘*TZWFI@[’BSL 1

of the catalyst was loaded in a 1 in. OD stainless steel tube. The tube was heated to 120°C
under nitrogen flow (1000 cc/min & 40 psig) at a rate of 1.5°C/min. The tube was maintained
at 120°C under these conditions for two hours for drying of the catalyst. At the end of the
drying period, the flow was switched from nitrogen to hydrogen. The tube was heated under
25  hydrogen flow (1000 cc/min and 40 psig) at a rate of 1.4°C/min to a temperature of about
400°C. The tube was maintained at about 400°C under these conditions for sixteen hours for
catalyst reduction. At the end of the reduction period, the flow was switched back to nitrogen

and the tube cooled to room temperature.
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PCT/ US112/ 0-~r~81 The wax and cold traps were nade of 500 cc pressure
cylinders. The wax trap was set at 100C while the cold trap was set at OC
The wax Wwam/essdiect ed a heavy hydrocarbon product distri BGTUSHR/ME8Ial |y C~+
while the cold traps collect a lighter hydrocarbon product distribution

usualltgﬁgzmp%t,md CZO. Water, a major byproduct of the Fischer-Tropsch

5 reac ected in both the traps. A back pressure regul ator for
each reactor was pl aced domstre%&mx and cold traps. The back
pressure regul ator relieved the omreaction pressure to anbient.
An el ectroni c soap bubble flow neter, placed downstream of the back
pre§sure redhistampleasa oewmparaivepexampl oBR CoresPaBding catdyst Mollonat BOWN t he
~uncondensed ga roducts.. 1 etal..Anal yiihsal, Progedur.e. Th densed
gaseousnIg AT P ErRepda 0y & e PG R f R e

chr Oﬁahﬂﬂ{eﬂl&bém;)zum;w ?@9'33%0%? Tﬁ%@ﬁmrﬁnﬁ@&u@mﬁe&rﬁem ®0POUThE h&ultig
.conductivity detéCtors. The chromatograph neasured the concentrations of
CO H2cataBst fi@Fursiras fEfmdved @®nakhcenes/ aldkexpessdi toaeosabisorlt meiswreonldensed
reactor products. 15 The pr_%gucts fr§g¢t hot . and col dé):1$%ps wer e

separ acd@lyshPrscusorayicBER daediagan at §Arsclofaued by prang Fdhy & PHAREYE Om t he
hOtlgtr%BON@,Sa Sﬁ‘lﬁiHa n&ﬁé"tﬂigt erdt %F?@?’iiﬂg&?e’rhér%fays? re@lirsbP wds i d
pr oduct "was di ssol ve n carbon disul fi de before analysis. The organic
phase fheasi tahe.5¢C! ptr niaptewa st 5080 adrdyreduepdi i lgidrogeorfidve mpd @i fe @haurnvas
anal yzed as obtai ned. The aqueous }?hase frogthe two traps was conbi ned and
anal yzdderatelyst kashppamigalcopeposition of dQRsoabOs. Two of f-1ine gas
chromat ogr aphs were used for the lLysi s of the organi c and aqueous phases
collected fromthe wax and cold tm chr omat ograph for the organic
phase had a-fyiang.heRi &ahi QnselRet Hanyld & PRokesRindiiy taalyseRaA@INIRN.
This colum separated the organi c phase into individual™ hydrocarbon
conpounddeniont hed raitgait G8 boconCpEam@sr. Hytheo catalysth svas oprepamd Ny @or aquehes 45

carbon atons were below the limt of detection f,o[ thiﬁ (ihromato raph. The
@ dat

chr ormti BgregpigLPf cARlL 0rG ifs R SIEPR AP & Gomunsraially syalikle Bammay br and
a pack pak= C tq j r 0

ar o SFPBSTERSURA WAR o ERCR e (ks e o g AR TR 200
was 30 chohdedas ariéda 1C6PR dndaalcired aTBE0 PEaThisrcandyst hadih edmimal tdfbsitornel t
the solid start-up wax) sealed, the stirrer was started at 1000 rpm and a
ni t r oge 207a80/9.47RYAIABOO cc/nin was started. The tube containing the
ac?hvat ed catal yst was attached t%)g]il}zpigalctor head and the catal yst was
transferred to the reactor under at nosphere. 16 WO U2/ UEB5G 4
PCT/ US( 12/ U.B0,8{0.08086 C@t ahay dissvhed pihea tshedlt edouit 6f wiatgr, iaddédeo GRIlRN
reactor before reaction. The gas flow was switched to hydrogen and the

r eact orCo(AI©:heblledl (4.838BQCant maxadawell.ofAlpming (Ehimple 3rFacg)ovasnelyrriediiftoai ned

at this, tenperatu for 16 hours. At the end of this siep.the.reactgr. was
cool ed thi§ ‘O&es&ﬁ%é?Wa&PF JFrated gssping go ?’L&B%?FF r‘ié%‘ﬁ“bgﬁaabﬁ?' 'ssuti zed
to the desist A5H 2nbRral EQRPRIRRIIOHAHVBYWRVARS), PSi g) . Syngas) with a 2:1
Hz/ COrati'o was then fed to the reactors whéen reaction conditions had been
reashed. A nmaterial bal ance peri oEXASPEE X or between 16 to 24 hours. Tot al
run tinmes on these catal ysts were about 280 to_335 hours. During the

mat eri al bal Bfcamsenaterdals gad progedyre dierecbsed @s fpExamply Biyargert thatPossn was

uncondensed gas, f,l ow, rates.and.cq it i 0 L hions of
aqueoudontprangia Sy LA aR;  SFBRR L Hion, MBHOET GRyeE) TETROR
react i {treRitt hdBSroh Walle 86-ihpiepedted diirtngahd st G&?wﬁtobﬂlhﬁnbmgﬁmmt iThis
collected is then analyzed to get a total as well as individual carbon,

hy dr ogentadyst haky neminaheesnpasitidnaf 200e0/0 THRBUW/EITB/AZO03. nf ormation is

.obt ai ned regarding the type and q P of reactor inputs (CO and H2) as
wel3|% as the type and quantities o% out puts (hydrocarbon products)
wat er, Oxygers gfal§stlwad REABVSY InfistefRiab adubina HfinCdidea iasfRUraBk | STCa | 1
‘was possible to obtfain CO Conversion (%, Selectivi tai for each (C, to C40)
of the HY&0 ocaForalynisdusas, ingBegrmatedd dth vant payegup ryakgiiqn Jof gehadhmitfse cent

wore odCarEnerBP” PR bt o Prasd dgiedfe abiginb 5, ARG, o B ASPS
reaction conditions: 225C, 350 psig, d4¥ngas space velocity of 4 N/hr/gcat

and 20 ~H2/CO ratio of 2. Results for relative values in % for CO
conversion, nethane selectivity,




CQZ selectivity, and CS+ productivity are listed in Tables 5 and 6 for the
catal ysts of Exanples Band 2, respectively. The relative value (i.e

stabi | it wo afoeesah vari able for each material bal ance perpPodUS®/B681IDUL ed as
(Value at X hours - Value at 23 hours)/(Value at 23 hours), where X is the
hours on stream for_any subsequent nat ﬁl’l al. bal ance g?fpr g T{;e a 2S val ue
f r om INRIPICAR JeetresH - %I‘%aia]ﬁtd‘rr?ﬁ“ﬁ%tw%f e &R 4R Gaft {5 8 dctous 4d but i on

was O 0@t Al y3tp&ran YU n3d { SSRERA Ushiosiddh, orW O
112/ o‘é%g &' Jaif " 20 81 g(irygt nr@DEREOEALNRL A, LSRR Yotbosiddh of Age
(hourm%taml.dm%m.i%awm O C, Selec. (% COZ Selec. (% CS+ Prod.

(99 231001001001 009489112409111889] 23368814286113408616689113349119086118368
16262791 322977286731482870311771384MIIdE461322474 Table 6. Catal yst 2.
2000/ 0. LBy 0098 4703 BAocklRUVRIT B f BRI, o cdpinabfum) O

(9 23&& fAREO0 244 d 1R 4696dd B Arhd (iit4 OB 42143 HAD 9 hbathRal IbAPoSitibA@T0013846
98262911252891286881383287311901272889335861 352584 5 A conpari son between
Tabl e%O%CaM%WBMIa@es the inproved stability of a boron pronoted

cat al s iral / %e&lven in Table 7. Table 7. |nproved

Age thour s) CO Conv. (% CS+ Prod.

(%3351314 ’Ph& §t' téﬁfh Qfxcfdhfédé\bﬁto\k/&bt@)xﬂ[ﬁmbmbﬁ a @k ngdeesdsysedvh, estubaked t o
generate Tabl es and I0 5 shows that both catalysts B and 2 started out at

alfpr oveactat, evich Hadsames ofcwiayiang eald diaghi backdpiessurh ecaubitersnved $hisa gagot h

cat al &ts t hen exh| bi tled a snmal Iff IEFSctl vation period. After about 18 WO
U2/ | | esematogeph (ags onclmepd e @Rl the catalyst activity for both

catal ysts ’@ﬁé‘b?ﬂ’)@ﬁj n?on%kﬁl%qyasvllﬁﬂr}f%d@ef&@tﬁmyﬁﬂ% QRe rddeMvR\0vEr a CavAlegt B
(wi thout boron) showed a snmaller steady state CO conversion as conpared to

Cat al gsitle Dn( sutrfind oatelyt. ploed frem, trafh¢o démoyd hey érop GﬂFHOI()dBPyeSﬂﬁr ¢alyst B

was | ower. . than that for st 2. The. than ectl slightly

N ghemindguatgasn g mptires 8t srgiroeRamiaan ooty vespef e fp s

cpve U oRRfdp. catalyst is one with a high
c%vepgdgﬁeﬂogé/&h&cghpﬁgﬁﬁy gﬁglf&g\?v rretgntgﬁe selectivity. Catalyst 2 (with
boron) is Tht tﬁrctdrhazn; ﬁadab§/§18 iB. (G brodtO. Bobg?ml)/4 iﬁl'6(516é Ccan)l i@t staindessl t s for

productivity increase, conver si.on ingreas thane s ity
decr e8ied tpjng.cAhg fengih ?f ‘é‘ﬁé?"GFPr ﬁ?laﬁ%twéﬁlﬁ A (36 ccf‘cf% 6(95 ~%gs%8nd| ng

g M £ 928 ﬂ*ewg%zs@?seﬂmws@”p“ *
var i abt#ls af® gy ool 40 the inkes andoqlet efithasedcidal ue
20 The wax and cold traps were made of 75 mL pressure cylinders. The wax traps were
set at 140°C while the cold traps were set at 0°C. The reactor had two wax traps in parallel
followed by two cold traps in parallel. At any given time products from the reactor flowed
through one wax and one cold trap in series. Following a material balance period, the hot and

cold traps used were switched to the other set in parallel, if needed. The wax traps collected

25  a heavy hydrocarbon product distribution (usually between Cg and above) while the cold
traps collected a lighter hydrocarbon product distribution (usually between C3 and Cyg).
Water, a major product of the Fischer-Tropsch process was collected in both the traps.

General Analytical Procedure
The uncondensed gaseous products from the reactors were analyzed using a common

30 on-line HP Refinery Gas Analyzer. The Refinery Gas Analyzer was equipped with two

thermal conductivity detectors and measured the concentrations of CO, Hp, Np, CO,, CHy,

C, to Cs alkenes/alkanes/isomers and water in the uncondensed reactor products. The
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for Catalyst - Value for Reference Catal yst)/Val ue for Reference Catal yst
(or the magnitude thereof). Table 8 illustrates the superior results of

Cat al yst wip oasss@anpared to Catalyst B. It is concluded thacCTiise/adsi ti on of
boron pronotes the activity of Cobalt-Rutheniumcatal ysts. 15 TABLE 8.

| mproved per.formance of boron-@{ormt ed cat alééat A(gf. qQﬂhr CO Conver si.on
| ncr epreduqtsdrompeach|of dhs hetrapdseld apsawergsserarate ApfQ A AAMEQPS HE W YEIMC

% 23 49 - I 28\ 0311222
2133087 T PREN e, i 6 dal S o o R Lt T potatn
Exanpbfethis3scMadprddait wdsedifsoledvih ngrioaatisiilfide befodi anadyrss. ZRS Crgads0pimse g,

syngas space velocity of 6 N1/ hr/gcat and 20 /COratiq of 2, Reﬂjlts for
el at from therld drapvasmsediniiguid ghfoomdempsiatuseprd v as, anayzegay okaingds itift y, and
+ pr ctiyity el A b . 1 t y
Sarrp?@gg‘és gﬁﬁsef,r%eéﬂﬁe@%c}egrebg.Jﬁh!é&ﬁlgﬁ%?%g %ﬁf%&d (t{laiaea%%tsht6 iasb?lf(?to%erof each
.var i aglypehfés. G offline igagbhromatpephpequipped ith dhme iedizasor( Waedtalbs|veerat X
hours - Variable at 20-21 hours)/(Variable at 20-21 hours), where X is the
hour sussd for theapnalysis ah{heserBamie war tagnequsyRhasespelisrted fprInitBe Waggand guid
02/11BSG | Table 9. Catal yst 3. 20%Co/0.02%t/0.5%B/ A1203 PCT/ US02111~G31
Age (ﬁ?ﬁfrs)St abilitCO Conv. (NC, Selec. (¥ CO2 Selec. (% S+ Prod.

(9% ZO(tQm%m%pﬂd&aﬁwo105116104929510613910489881071641028985| 041881009
38210 7392 Tabl e 10. Catal yst

4,
20/Co/ 0. 05Talyst Gog/tabe 3tedgras(mixad &ibragrnmsot3>E8rnesh (947¢0. Xemap andoy o2

(So% 5 T4 6O T03 IO £ PEAsr 6 TS R0 B dbuE) BPENS TEEOHES §5Y dardedo Wit 1101871
041038530 4reki é@.@ 1OBRPhA) 2839 BARARTBIE 16 ofalpyesind (S @md Qe theadeadtopr oved

stability (e. Wi th respect to catal yst B) of CO conversions, nethane and

car bofihelcatalystéglase lbead miktue wasth@sloagded prikocoupied] 1990 o@5 & qraXioff the reastos] yst s

t aj ni | atin, d i nst ead, of rut henj i
or of clenglhe othsJOMABIRE Hin- (b S S EEC eHt Var R dEBnihat oo M nt | oy
L}T%‘é“altdﬂ D6.sv ’Pl?ﬁ% %mmaa@agomaa@@ﬁ A8 FeabRR wege lglaggedtmﬁ BRspwebler r ed

ment w t 10 departing fromthe scop , and which are equi

val ent to, Catayspaeberion iwav evttsequentiFoarriedamp lusingtthe faltowing prasedurg. The
conposition of the catalyst can be dified,and th [o eps can be
var i efFACtPRY a&aﬁ%?cgfoe% _ba%gwggged\r H‘g‘f’ I(qu)a‘icérmns‘f"dp@{ g @gﬁﬁ‘bnﬁ & ™&nd

publ i 61 lsafnifi! RE ORIk Whs H Endlfe@ Rl 130°CAIRRF HeBtlodhivid?h ThMLLhduls fdiei I
entirety. he Toregoing detailed description and exanpl es have been

gi vendfying of theichtalysf. Antherenitaf dhandryong periobiothe floec vgs awifchadrframatitergenar e to
be understood therefrom The . .

20  to hydrogen. The reactor was heated under hydrogen flow (100 cc/min and 40 psig
(377 kPa)) at a rate of 1.4°C/min. to 350°C. The reactor was maintained at 350°C under
these conditions for sixteen hours for catalyst reduction. At the end of the reduction period,
the flow was switched back to nitrogen and the reactor cooled to reaction temperature
(usually 220°C).

25 The reactor was pressurized to the desired reaction pressure and cooled to the desired

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

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

collected was then analyzed to get a total as well as individual carbon, hydrogen and oxygen
13



20 WO (12/0G856-4 PCT/USfI12/(1.~G81 invention is not limted to the exact
details shown and described, for variations obvious to one skilled in the
art wil | weeodnesiwded within the invention by the clains. BIT/USOAD4681
02/Ai8Sfi-4 CLAIMS PCT/UStI2/0.1fi81 What is clainmed is: 1. A process for
produci ng  hydr ocarbgns, conpri si.n actin feed st. conprd si,ng
hydr od@ﬁg’éad’a&%}cﬁ%ﬁﬁﬁﬂh@}ﬁ ‘ggorma{’ﬂ‘%a&gg'itoglvﬁréiogi@’)ag?elg%ltb ‘{Yz'ﬁ@%ﬁg‘}? r%ri M ai ned
at 5 | ' B PEJdaed Vive g/ KR Qe GRighid perkér (.,
str eam}\éﬁp@bgﬁgé ﬁgﬁ%@g?‘gg@”&%gﬁj@ cat al yspe(g](l)rrp”rgi signg ag%Flpscher - T% opsch
net al ;amgdRcRbBAPRIuCE M) ahé bitgr deshed ashictondarpaisiwérbealcalatddyst is nade by a
met hod conprising |oading the boron to the catalyst in an anmount sufficient
.to inprove Bie resalsz obmi@egffrqrméhmcmmuwyf,low Haschet-Tapssh cplystuesHRg ¥Rit or
thg selectivit T%f th:5= catalyst with respect to a correspondi ng cat al yst
excl udhIBY BRI 2P 133 The process of claim 1 wherein the Fischer-Tropsch
-metal  conprigaSofCPitidst 1-2JistsTiE HOLACES Sirém, GERLIR TOWRReERsiohN @), relative,
Fi scher-Tropsch netal further conprises a second el enment selected fromthe
gr oup waight parceny nudthangtinghé totalandresiachanrpradud (%iraad gelsbize £sePredustimity
wherein the catal ytic conponent is supported on a support, 5. The process
of O ai%h forwawhst A asefos eptabist 1ctsmpreively. al henielpsive pmayntsp(ie; SaWUIAGpsch
catal yst, conpr.i si,pg.a.. i fect f i f psch
ot al S BEP D (R R bRk RhbETLeH I B Tan, ofd wAEUE ELRPEC
prmtﬁgp&ﬁb@?.t qhaf st 1BRIIGE QhlRe ©PBRIISVartadleofor endtheierial Batdndecpeniod i¥. The
catal yst of claim®6 further corrgri sing a supﬁort mat epal sel ected fromthe
f

gr oup ewrmitest angy Bee 8§ Xihoars + Velagiah 48149t howra/(Nplygiah P-4 heuwssh whegg Xrip na,
| um fl id 20 fl i ded_al um 8...T l.alm 7
Sher o1 fe IRt B e er o BRBLER Rt BABqcelperlddl, TREY Yake Tror BN T

the Fi 8af5onlSRRECIOREPRL of HEPhyEESarSsDBloductldistribbgort atagl0y8d amf 0@i8aforn 9
wherein the weight ratio of elenmental boron to elenental cobalt is from

about GuPAAF6andcatalysy latespactigels. to 1 on a dry basis. 25 11. The catal yst of

| aj 9 wh inth i gh i f elenmental ,bor. } It i
B hbout - Biogeuthogndn Tahf A datipstg TEPiRed ShOTy cEh TG Wit SERELT . (P
of cl ajona,fijyner eﬁﬁht%qmﬁ&@ﬂﬁﬁt TéransehalBalate O lisied wRlahipuacy the

ruthenium "13. The catalyst of claim 12 wherein the weight ratio of
el emenprateduoe GvialboineTable2 t ¥Mall@On deblallp/(Velut inkakiedut 0. 00005 to 1 to about

0.5to 1 dry. basis. 14. Th t al f claiml in th i ght
Fati o of ol BRdnelistube Bt onatena apd e Brim ettt i Grdp R atB o e o
about Qatiﬁ&stt& Bx bl 195Y cHAparsd 18 Zhat tN@E%{n@%BR( for thE€SdimbAded P KBahcd 5. A

met hod of “preparing a Fischer-Tropsch catal yst conprising dissolving a
bo2on payivo Uy isaebhfy impoobment, fryepdumdteris] balange pgried. swgspremputask rthal i nt o

the m xture, dryi t he m xture, whereij e boron is added ip_@an
amount PetFRE T BHEe (5 Cpytve: YaF daseae APCTHIEe BFemyR A Sier Vel
produciiid | Mue BF CORCGREIYd o O, Préfich@k@! ySt. 5 16. The nethod of claim 15
wherein the support material I's at | east one naterial selected fromthe

group consi The ngnpdratatd waes 2209Q, ainé pressure awrisieabvean 3r) psig (2449 kPa) 40 362 na,
alum num fluoride, and fluorided mnas. 17. e net hod .0 aim 15
wher ei Pih&Pa)#Kldhe space ¥FIOSItY pas %W hopuis. Sﬁe&’i’rﬁﬂ 2'?‘1 %a"?i?séBEr«?EJeFrlgn t he
gredp consisting of al um gayieal WRANNAT 12005 EgAlL@1d fluorided al um nas.

Age (hours) Stability
CO Conv. (%) | C, Selec. (%) | Cs. Prod. (%)
49 100 100 100
73 98 106 94
97 95 94 106
147 89 106 83
170 89 106 83
193 86 106 78

14



10 18. The nethod of claim 15 further conprising reducing the dried

m xture. 19. The nethod of claimIS further conprising reducing the dried

m xt ure WO ohesfesence of a hydrogen contai ni ng gas. 20. PUR&SeAId of
claim 15 further conprisi ng heating the dried m xture. 21. The nethod of
claim15 wherein the ti.o of n to elemental 15 cobalt
is fromabout O. 00005\,\1‘;?‘8"(3?Jl tzttg“a 3 &8 fﬁ%%ﬁs’&[@ﬁy basis. 22. The net hod
of claim37 wherein the weight ratio of elenental boron-to-elenental cobalt
is fromabouf A®Ob&sd 1 to about 0.01 S8l a dry hasis. 23. The net hod
of claim 15 Wherein the doB@lGonivy%dded; Sslea (¥l terCfc(?mad.t(%jonpound. 20 23
ALF, A& Al & Al & Alg 9. A& [Ay. Asod (. Ay. A{. Aa®. ANO.|A. A A1@0 & A. AC&. A& Aué&. A&
AN QAQ] FD 74 91 B7 | &
{vpkf a\ W ca] eafcatratcatcatc 'l caicalrcajl t5¢ cal caical capcarcal ca) calca]calc
a] ca] ca] ca] cp}ealeatealeatecath “&U} €&

.1 s(H®&j p, * +lur mhd2¥] ] callcal cd I-J;a-]-c.%%a-]—ca-}ca]—ea%ea]—ea]ca] ca]ca]ca] c
a] ca ca] ca] ch] ca] d4fca] cd] cal ¥ calchlcal d8 cal +iir $} 0\

S5ITTITRK"" #i ###3y$3$% xsni d Z] ] ] ca] ca] ca] ca] cal ca] ca] ca] cal ca] ca] ca] cajcalc
a] ca] ca] ca] ca] ca] caj4bid 8.dhpaded]sed] g bt Boroaipeahoril catabatl YD%0&S&E e' ' (\ (( (=)
))K**+a+,,9,-..)..& /0F1l1l1l}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca]! (fa‘é ,glh%%]sgaj E@@ébm%)’a c Calsalas aj cal 122. 444;

5555J66666' 77$8. 88 5147 12 9.
=y==>| w mhc”"Y] ] ca] ¢ca}e= ‘,}cy’"“‘ ealcal-catcaltateatcalecatea] cal cal cal cal cal cau
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >@aa AAAC CCDt DEEE>FFPGaHHI gl | J! Jx
JJJIITKKKL} xsnhc” YT akda e dmpedved ppdemeare of baipe-Reragtedfaalysta] ca] cal caj ca] caj ¢
aJca] ca] ca]cal calca]ca] ca]calca]calcalcalcal LM

NNO: OOOPPNQRK Rx SSOT T TA WEXAGMYM WK ONEE4L [ [ ] xsnCsl Pibli] ca]ica] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] caJcaJ gghgal cal caJcg] ca] ca] caJ cajca] cafjca] ca] ca] ca]ca]ca]c

al [\T]]
AN, T T T a aaabBceZcecet clé%é‘egeﬁ Slacims E;?c. xtt-ztpke— Qnu d—Zf] c”a] cMal] ca] ca] ca]

gg]ogg] cal cal cal ca] ca ca]ocl’t‘lal]uglalt] (S:ﬁla]c%]eé:a]eca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca]

nnCoFoPopp ] 6n§%¥1\§ fﬁ&x{« ]}E&Pﬂ}ﬂ(‘%& r%&'s?‘cilcltﬁ%l:%lt & wegad gal ca]

ca]ca]ca]c a] cal'c™a] cal ca] c”a] ca] ca] ca]
as feed system a slurry stirred tank reactor, wax and cold traps, back pressure regulator, and

uquvv ylyyy0zzz2{8{U{{]| }qa}}}}B~~SZo qu b] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] c’\a!]lw]g@a]‘r%fa]f@éq&ﬁﬁ] aneqic ']ft?i]dd c’\a] cal ca]ca]cal caljca]ca]ca]cal!9

Toa] oa] oa] ohlo APSalIPRR] CRFEH) A ﬁl' PREFEIALEN RUARETbERNEE T
cajsca] gahiarkd sl wahveddat ﬁ]a@ﬁﬂ@@]d‘oﬂ]r@ﬁér@&] stq:]pm]:‘cra@m ajonaxide, hydrogen and/or

Ul c™a] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] caI "g] AUp7Qzupkfa\ W] ca] ca] ca] ca

] ca] calitragenloctit dedcter] dag carboaunengxids vay pyjiied befprebgies fehicipdsddPcal ca)

Tca] oo Gyt B ar ey b on At el e e L S L TR TS
| gb] )ql}rkgea]] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] ca] ca] ca] c“]‘ ca] ca] ca] ca] ca] ca] ca!;

C i <P{vql g| Whe¢ @bc}tx] wpea |l digrcwdinlesc e slived aupelaye squinnedy W F e O8] ca] ca
] Cﬁca C'a%f ’f)a_e]og)il Ca]stngl Lscz? ]ggsaln(%taaﬂtﬁglt(%r%pé/lcq‘Bwﬁllc}Wégio@sttrret was a

109& (Jirc Eg‘]th%ghc( Drnpellgf&m %seniotoupR A@SH M Rir( Jhe FebbdO Wafyred Thel AURy( ) -
MLOY&' () 10%&' ()-! 109 ()-\ QIES) f#109%&' () - S(f#lO%&’I(
SS&y#lﬁWe(d)ulﬁomﬂh&r(a):torZIbe/q&ee(c)or@agll@tﬁa‘ngge. fqr heating. The temperature of the
9!'l S5t' 10%&
o (heOp ey TIoed Y oo ur TeasaDEAN Seres fSmeeralpre, Cigsugs fied to
s&9! 10%6‘3‘6;((‘}0r a*@hé—@ot%%@% fedctb; st befk lﬁ1}:'bottb§5§t1rr3b9°/f&rdu)gh F1/8 in. tube.
1}7?2~_@, z#10 % & ()- 10%&5
25 Unconverted reactants and reactor products exited the reactor at the top through an in-line

sintered metal filter.
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regulator, was used to periodically measure the flow rate of the uncondensed gas products.

General Analvtical Procedure

The uncondensed gaseous products from the reactors were analyzed using a HP
MicroGC gas chromatograph. It included four measurement channels and four thermal
conductivity detectors. The chromatograph measured the concentrations of CO, Hj, N3, COs,
CH,, C, to Cg alkenes/alkanes/isomers in the uncondensed reactor products.

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

Two off-line gas chromatographs were used for the analysis of the organic and
aqueous phases collected from the wax and cold traps. The chromatograph for the organic
phase had a flame ionization detector and a DB-1 column for scparation. This column
separated the organic phase into individual hydrocarbon compounds in the range Cs to Cys.
Hydrocarbons containing more than 45 carbon atoms were below the limit of detection for
this chromatograph. The chromatograph for the aqueous phase had a thermal conductivity
detector and a packed Porpak-Q column for separation.

Catalyst Testing Procedure

300 grams of a heavy hydrocarbon wax with an average molecular weight of 1200 was
loaded in the CSTR reactor. The reactor was heated to 120°C to melt the solid start-up wax,
sealed, the stirrer was started at 1000 rpm and a nitrogen flow rate of 1000 cc/min was
started. The tube containing the activated catalyst was attached to the reactor head and the
catalyst was transferred to the reactor under a nitrogen atmosphere.

16



| F4' 109228 () - 2g#10%& ()- 1z#109%& ()-f/g#l0% ()- - Yd0% () -

109& ()-*+a+, ,,,,9,rdv7 991 109& ()- 10|| 10| |

10| | !'p’, MO HAOHFHME () -, LOZHL109& () - 7Tz#109& () - PCT/US02/04681
69409& ()-9,-..]..& dEAV7 99! SH100& ()- GH109& ()- 109& ()-

S;&SOO/GOE/L&( %3 L &%lg _wlééﬁrg;/%algi in I‘—%‘leél 1%%@%@%%%2&({1‘ {% Z&%@on The gas

55aBd

8z #1098 ()

%/?\/ﬁ‘ct{eh 'ﬁ%&r%é@n/@ndﬂwe leE 44169 %as (heatéd % 98RO 3k = rate of 2°C/min. The
#YL0Y&! 55J666666aVK@ 10 10 10Ys<s10%& ()- 9y#10%& () -

&(ioo/eg/c;&(r):adt%d w?}%t(nhe&yt#fhﬁ%&h(pﬁmt% far7 ¥8 he®a BYK @e@nuDotpthfs) stepykge (epctor
R R H#109R' - | 0 0
0% (% copkeigoar e(éesge W@(%é R TE Y SHRb 21 £ and presRe t%éi’sé%‘f@d

1 0
/&'

10" <s100@& (4 #&%éé Q‘P@eﬂg@&"@j‘ hoygsed Bk imsy oA BYE° () -

, T#10%
| &AL

%?a&)onw;@%%u })n[gds HIOVE 1.) -HJOBRsatid-w¥s then fed to the

7

Yi& 10% (& ()-1Y1& 109%& ()-! XS, Y40%& () -
. m #S, %pQYS's Whenrd:RUBH eonc@m@méme@ned
109&' ()-109%&' ()-! #10%&' 9!

s B 25 T 5 L

109& (ﬂ)r Sfé&%& ylgasVaP@xit) unconbitrgkd Jgad dffow @BYEN )codBpsilions: wrights 10d&’ () -

/10%&' ()- F. ‘V(iO%&' ()- ,f#109& ():-! JXJJilJJJJT bCyf #109&

10

15

20

25

1100
ected ax and c01<(1 traps %%d %ga(/:et%orq )-

compositions of aqueous and organic phases col
conditions such as temperature and pressure. The information collected is then analyzed to get
a total as well as individual carbon, hydrogen and oxygen material balances. Thus complete
information is obtained regarding the type and quantities of reactor inputs (CO and Hy) as
well as the type and quantities of reactor outputs (hydrocarbon products, water, oxygenates &
unconverted reactants). From this information, it was possible to obtain CO Conversion (%),
Selectivity for each (C; to Cqp) of the hydrocarbon products, Cs+ Productivity (g/hr/kgceat),
weight percent CH, in hydrocarbon products (%), @, and the like.

The material balances were obtained for the catalysts of Examples B and 2 at the

following reaction conditions: 225°C, 350 psig, syngas space velocity of 4 Nl/hr/gcat and

‘H,/CO ratio of 2. Results for relative values in % for CO conversion, methane selectivity,

CO, selectivity, and Cs, productivity are listed in Tables 5 and 6 for the catalysts of
Examples Band 2, respectively. The relative value (i.e. stability) of each variable for each
material balance period is computed as (Value at X hours - Value at 23 hours)/(Value at 23
hours), where X is the hours on strcam for any subsequent material balance period. The a
value from the Anderson-Shultz-Flory plot of the hydrocarbon product distribution was 0.86

and 0.87 for catalyst B and catalyst 2, respectively.
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promoted catalyst. Steady-state improvements are given in Table 7.

Table 7. Improved stability of boron-promoted catalyst

Age (hours) CO Conv. Cs, Prod.
(%) (%)
335 13 14

A comparison of the absolute amounts of the variables used to generate Tables 4 and

10

5 shows that both catalysts B and 2 started out at approximately the same activity as signified

by the CO conversion. Both catalysts then exhibited a small deactivation period. After about

18

XFA%409&' () -2f #10%&R' ()= \A 0% ()- |
#109&' () - (109 (gurs)FLOYR () - yz#1 Q oR' () Stabdity 0oR' () - WKmX" YYZZ7} 1 2N@
10i ci cz#10%&' () - CO Conv. C, Selec. CO, Selec. Cs. Prod.
10%& () -!1ypao%& ()-fe#10%&) () - 2#109%8k6) ) - ! dl &1Q%8 () 4 Z[ [ [(%)] ] } '}?N@2
10i ci cL*f #10%& - &ZFI0%KpH) - T\[y#od 9% () ! 1686 ()1 v 100
109%& () -! @09 =T [T~ _gg af/2 912 0 1
101 9<t 10%! H—%ﬁ%@% — GO O —+f#100&' () -
. a aaabnkRk-10 204 0% 1094 Y3-+1+0% 3 LN109& () -

10 10bBcZcckycdd®k2 1o 8 13 40
10! SYA0%&’ () - ! XV8E0Y&| () - YRR 0%& |() - AR () -f 104 () - 91
zZ#109%& () - epeCf gdthh"<K2 1086L0! X, |%A0%RI§ ) - ZI X, YATOR () - Z! a86BA0YR' () - #
109 () - 262 79 132 29 77

286 73 148 28 70

311 77 130 24 77

335 76 132 24 74

Table 6. Catalyst 2. 20%Co/0.1%Ru/0.5%B/Al,03
Age (hours) Stability
CO Conv. C, Selec. CO, Selec. Cs, Prod.
(%) (%) (%) (%)

23 100 100 100 100

94 94 110 46 96

118 97 108 40 98

142 97 114 36 98

166 97 114 36 98

190 100 138 46 98

262 91 125 28 91

286 88 138 32 87

311 90 127 28 89

335 86 135 25 84

5 A comparison between Tables 6 and 5 demonstrates the improved stability of a boron-
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10%& (’l)abileot)g'&l1gt)s églglEYl}l&‘ fﬁ?oductwnty increase, CO conversion increase, and methane

selectivity decrease for Catalyst 2 (boron promoted) as compared to the corresponding
10  Catalyst B (without boron), as a reference catalyst, that were computed using the results in
Tables 4 and 5. An increase (or decrease) in a variable, as given in %, as computed as (Value
for Catalyst - Value for Reference Catalyst)/Value for Reference Catalyst (or the magnitude
thereof). Table 8 illustrates the superior results of Catalyst 2, as compared to Catalyst B. It is

concluded that the addition of boron promotes the activity of Cobalt-Ruthenium catalysts.

15 TABLE 8. Improved performance of boron-promoted catalyst
Age (hr) CO Conversion CH;, Selectivity Cs. Productivity
Increase (%) Decrease (%) Increase (%)

23 2 20 4

94 7 21 11

118 10 29 18

142 14 20 17

166 10 20 13

190 18 6 20

262 17 24 24

287 23 26 30

311 22 22 21

335 16 17 19

The material balances were obtained for the catalysts of Examples 3 and 4 at the

following reaction conditions: 225°C, 350 psig, syngas space velocity of 6 Nl/hr/gcat and

20  Hy/CO ratio of 2. Results for relative values of CO conversion, methane selectivity, CO,
selectivity, and Cs.,. productivity are listed in Tables 9 and 10 for the catalysts of Examples 3

and 4, respectively. The relative value (i.e. stability) of each variable for each material
balance period is computed as (Variable at X hours - Variable at 20-21 hours)/(Variable at

20-21 hours), where X is the hours on stream for any subsequent material balance period.
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5 Tables 9 and 10 show that improved stability (e.g. with respect to catalyst B) of CO

conversions, methane and carbon dioxide selectivity and C5+ yields are also obtained for

catalysts containing platinum and boron instead of ruthenium and boron.

While a preferred embodiment of the present invention has been shown and described,
it will be understood that variations can be made to the preferred embodiment without
10  departing from the scope of, and which are equivalent to, the present invention. For example,

the structure and composition of the catalyst can be modified and the process steps can be

varied.

The complete disclosures of all patents, patent documents, and publications cited

herein are hereby incorporated by reference in their entirety.

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

understanding only.

No unnecessary limitations are to be understood therefrom. The
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cobalt is from about 0.00005 to 1 to about 0.5 to 1 on a dry basis.
25 11.  The catalyst of claim 9 wherein the weight ratio of elemental boron to elemental
cobalt is from about 0.0005 to 1 to about 0.01 to 1 on a dry basis.
12. The catalyst of claim 6 wherein the Fischer-Tropsch metal comprises cobalt and
ruthenium.
13.  The catalyst of claim 12 wherein the weight ratio of elemental boron to elemental
30 cobalt is from about 0.00005 to 1 to about 0.5 to 1 on a dry basis.
14.  The catalyst of claim 12 wherein the weight ratio of elemental boron to elemental

cobalt is from about 0.0005 to 1 to about 0.01 to 1 on a dry basis.
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| " #$YR ot the gfddp 20ABisting of silica, titania, titania/alumina, zirconia, alumina, aluminum
fluoride, and fluorided aluminas.
17.  The method of claim 15 wherein the support material is at least one material selected
from the group consisting of alumina, aluminum fluoride, and fluorided aluminas.
10 18 The method of claim 15 further comprising reducing the dried mixture.
19.  The method of claim 15 further comprising reducing the dried mixture in the presence
of a hydrogen containing gas.
20.  The method of claim 15 further comprising heating the dried mixture.
21.  The method of claim 15 wherein the weight ratio of elemental boron to elemental
15 cobalt is from about 0.00005 to 1 to about 0.5 to 1 on a dry basis.
22.  The method of claim 37 wherein the weight ratio of eclemental boron to elemental
cobalt is from about 0.0005 to 1 to about 0.01 to 1 on a dry basis.

23.  The method of claim 15 wherein the cobalt is added as a molten cobalt compound.
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