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BACKGROUND OF THE INVENTION

20 Large quantities of methane, the main component of natural gas, are available in many

areas of the world. Methane can be used as a starting material for the production of

) hydrocarbons. The conversion of methane to hydrocarbons is typically carried out in two

steps. In the first step methane is reformed with water or partially oxidized with oxygen to

‘producc carbon monoxide and hydrogen (i.e., synthesis gas or syngas). In a second step, the
| 25  syngas is converted to hydrocarbons. This second step, the preparation of hydrocarbons from
synthesis gas is well known in the art and is usually referred to as Fischer-Tropsch synthesis,
the Fisc_hgr—Tropsch process, or Fischer-Tropsch reaction(s).

The Fischer-Tropsch reaction involves the catalytic hydrogenation of carbon
monoxidc 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
.'hydrocalbon synthesis was dgscn'bed in the 1920°s. The first major commercial use of the




Fi scher-Tropsch process was in Germany during the 1930's. Mre than 10, 000
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catfl yincopbtaeddetdivby nefdraics, such as cobalt. For exanple, U.S. Patent No.
' herein by reference, discloses a 30 process
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as the_active ingredients a major
followed throu opt). In particular, iron, co_balt, nickel, and ruthenium, and combinations

“thereof, have been abundantly used as the catalytically active metals. Cobalt and ruthenium

25  have been found ';o be particularly suitable for catalyzing a process in which synthesis gas is
Qonvcrtcd to primarily hydrocarbons having five or more carl:;on- atoms (i.e., where the Cg*
selectivity of the catalyst is high). However, due to its expense and rarity, ruthenium is

| typically used in combination with another of the catalytically active metals, such as cobalt.

| ~_ For example, U.S. Patent No, 4088671, hereby incorporated herein by reference; discloses a
30  process for the synthesis of higher hydrocarbons from the reaction of CO afld hydrogen at low

pressure in the contact presence of a catalyst comprising as the active ingredients a major

amount of cobalt and a minor amount of ruthenium.
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anount of cobalt and a m nor anount of ruthenium 2 12 July 2005
Additionally, the catalysts often contain a support or carrjier nmaterial.
Supports for catalysts used in Fischer-Tropsch synthesis of! rbons
have typically been refractory oxides (e.g., silica, alumna, titania,
zirconia or mxtures thereof, such as silica-alumna). A support may be
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186, 3-
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) - processing to yield gasoline, for example C,, hydrocarbons, particularly C,-C, hydrocarbons,
and those useful for further processing to yield diesel fuel, for example C,, hydrocarbons are,
particularly C,, - C, hydrocarbons. A number of sfudies describe the behavior of iron, cobalt
or ruthenium based catalysts in various reactor types, together with the development of

25  catalyst compositions and preparations. For example, see the articles “Shoxt history and
present trends of Fischer-Tropsch synthesis " by H. Schlutz, Applied Catalysis A 186, 3-12,
1699, and "Status and future opporturuues for conversion of synthesis gas to liquid fuels, by
G. Alex Mills, Fuel 73, 1243 1279 1994, each hereby incorporated herein by rcfcrence in

* their entirety.

o .30 : Notwithstanding ihc 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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Fi scher-Tropsch netal conprising cobalt and a Fischer-Tropsch netal
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' ' A second aspect of the present invention provides a process for producing

hydrocarbons, comprising contacting a feed stream comprising hydrogen and carbon
monoxide with a catalyst in a reaction zone maintained at conversion-promoting conditions
effective to produce an effluent stream comprising hydrocarbons; said catalyst comprising a
- support; a Fischer-Tropsch metal comprising cobalt and a Fischer-Tropsch metal comprising
platinum; and a promotor comprising boron; wherein the catalyst is made by a method
comprising loading the promoter comprising boron onto the support by the addition of a water
soluable boron compound such as boria concurrently with at least one Fischer-Tropsch metal
or wherein the water soluable boron compound such as boria and at least one Fischer-Tropsch

metal are added onto the support in separate steps.

In one embodiment, the catalyst used in the process may comprise boron and
cobalt and optionally ruthenium or platinum, and one or more support materials selected from
the group including silica, titania, titania/alumina, zirconia, alumina, aluminum floride, and

fluorided aluminas.




metal are added onto the support in separate steps. In one enbodinent, the

catal yst used in the process may conprise boron and cobalt g@feaptionally

rut heni um or platinum and one or nore support materials s et rom the

- group including silica, titania, titania/alumna, zirconia, alumna,

alum numfloride, and fluorided alumnas. 4 12 July 2005 DETAI LED
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have found that higher select ivity and productivity catal ysts are produced
when boron is added to the catalyst. This is quite surprising because
boron is typically considered to be a Fischer-Tropsch catal yst poisons.
Productivites in batch testing can equal or exceed 10 500 ‘g/ hr/kg-cat.
Further, the productivity increase with respect to the corresponding:
“unpronoted catal yst can equal or exceed 20% Likew se, the CO selectivity

i ncrease, and the
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met hane selectivity decrease with respect to the correspondi ng unpronot ed
catal yst can each equal or exceed 20 % Additionally, and vJen re :
surprisingly, the catalysts of the présent invention exhi tﬁt B\ 5|”rrproved
conversion and inproved stability, with long lifetinme, 15 relative to prior
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The active catalyst components ﬁsccl in this invcntibn may be carried or suppc;ned on
‘ 20 a support. Suitable supports include silica, titania, titania/alumina, zirconia, alumina,
) aluminum fluoride, and fluorided alumina, silica, titania, titania/alumina, silica/alumina, and
- the like, preferably ."atlumina__ Aluminum fluoride supports are defined as at least one
aluminum  fluoride (e.g, alpha-AlFs, beta-AlFs, delta-AlF;, eta-AlF;, gamma-AlFs,
kappa-AlF; and/or theta-AlF;). Fluorided alumina is defined as a composition comprising
25  aluminum, 6xygen, and fluorine. The fluoride content of the fluorided alumina can vary over

a wide range, from about 0.001% to about 67.8% by weight. A preferred fluorided alumina
contains from 0.001% to about 10% by weight ﬂuoriﬁ_e. The remainder of tﬁe fluorided
glumina component will include aluminum and oxygen. The composition may also contain a
- minor amqunt {compared to aluminum) of .si]i.con, titanium, phosphorus, zifconiuxﬁ and/or

30 magnesium,

The support material comprising fluorided aluminas and/or an aluminum fluoride may

be prepared by a variety of methods. For example, U.S, Patent Nos. 4,275,046 and 4,902,838 |




No. 5,460,795. Al um nas that have been treated with fluosilicic acid

(H2Si F6) such as those described 10 in European Patent Application No. EP
497,436 can al so beused as a support.: The disclosed 1 supﬁ@r“PIY Ir i ses
f.rom about 0.5 to about 10 wei ght percent of fluorine, fromO0.5 to about J
5 weig P f to about. 99 Laht _.nercent of
al umi ngg.m dﬁ%ﬁﬁp? d%éloﬁén%%a?%f) %gﬁo‘}ﬁm@ &é%llﬁé&la\% Ihs%ur%%g'ro re f gl'i{ang%o‘ﬁ e£rrpl at ed.
A suppovaporizaplebfluormelcenthiathgaftwaindiing compalmdi r Silitablesilictatifig orapapds t i es.

Cuppor i3 PEY GiaaE copEe, CHicey cpaCra RheRclib b cHE ushediny of

ways. hed, 5431786 ﬁisclyfé-thé:) ﬁrteﬁzﬁitid}loof 4H%g%gﬁpAﬂi§SfﬁJn? %{ﬁmﬁm LG | on of

netal s such as cobalt on"a uori de I"'um~“na support using | nmpregnation
t echni qmed . o support the netal. U. S. Patent No. 5,559,069 discloses the .
preparati onpgf a mul tiphase catal %/st conposition 20 conprising various

metal f1 uor FOEEs Phe'rmindmy flueris suck pe 6t belanbew qod depi Sandresprepaseskiasy t h
al um niggadblPrih 08 s, Aéafert o, 4981509 NQ 5 9 ParkR Mo, %?f,lbglﬁe%ﬁﬁf—js_p@%ﬁ‘{ ation of

mul ti phase catalyst conpositions conprising nme r eni um
honoge Mo a4b979. spersed with various netal fluorides including alumnum

fluoride. T f th .1 ed . enbodi f th |
nvent i on agelsthat e Gen bRe P BubFheRRR TS S s ebe BEFRR ki 11 e
i n b he ifBdropddy Paet Afplickddnts. Hpi 09 4288daAko bd hddh bk k-ﬁ@mﬁ%b aidSodear )

preparing supported catal ysts include inpregnating t catalytically
act i veSURPRPE sompriscs fropy thout 88rte abmiit d Oaveight porcent of fluotine, frproAé torbewsr e

cat al ytie L& r s.together .with support

et or | 21 ! er QL0 4Rica SRR (RRBGHS Wl SRS bRE, Lo Ere

catal yti cal It wilhb¢ iuuderstosd thanal i v SEEports afeScodtinplaed UBRpport Aagdedi ngly, a
referred enbodi ment of the present

30 supported catal ysts according to a p .

i nvent%@?‘f‘%ﬁ?‘?&'@“ﬁé@o‘f"s‘?ﬁ% ﬁ‘@cf‘gi’-]n?%‘ Bina EPeher 2o fynpeftggay rejuderagy

o i fuieble bemg%RRADS, packed beds, foans, and aerogels. 6 12 July 2005
The nost  preferred nmethod of preparation nmay vary anong those skilled in
the art; ddjegpacaybs Swpasesay aumnumfluogde pr eniflearidad phuminginta varietyof ze. Those

S D S U3, SO S0 A0 B B 5 Ve
by i naiopalepnt avilsmorided alumina support using impregnation techniques to support the metal.
o U.S. Patent No. 5,559,069 discloses the preparation of a multiphase catalyst composition
20 comprising various metal fluorides including cobalt fluoride homogeneously dispersed with
| aluminum fluoride. PCT Int. Publ. No. 97/19751 discloses the preparation of multiphase ,
catalyst compositions comprising metallic futhenium homogeneously dispersed with various | )
‘metal fluorides including aluminum finoride.
The catalysts of the preferred embodiments of the present invention may be prepared
25 by any of the methods known to those skilled in the art. By way of illustration and not
limitation, methods for preparing supported cétalysts include impregnating the catalytically
active compounds or precursors onto a support, extruding one Or more catal-ytically active
compounds or precursors together with support material to préparc catalyst extrudates, and/or
| precipitating the catalytically active corﬁpoﬁnds Of precursors onto a support. A(':cording]y, a
30 supported catalysts according toa prefci'rcd embodiment of the present inﬁeﬁtion may be used
in the form of powders, particles, pellets, monoliths, honeycombs, packed beds, foams, and

aerogels.




5 inpregnation of the support with an aqueous solution of a soluble netal
-salt such as nitrate, acetate, acetylacetonate or the |ike. Another nethod -
of preparing a supported netal catalyst is by a nelt inpré&n’élfyi '

t echni que, which involves preparing the supported netal catalyst froma
nolten netal salt. One preferred nethod is to inpregnate the support with a
- molten et al Thai moat’;mef(neecgmwm@tbbm&b&aﬁdﬂﬁ)iy vyt #iohgtthys | skilled hemsuﬂport can
be inpre nat({e %é‘{'th a . 10 sol of zerq val ent netal precursor.

pr ef er r e FPRIFLPT PEapRie PR the ’é catlyst sypipis eze. hete skilled i the ari a!ﬁa%ro

val ent caliald: s bs 35iBRARGRIBtor AR RN bPreirdrid | ke 11 a sui tabl e

or.gani ¢ solvent (e.g t ol uene) tabl e rut heni um conpounds are the
conmon wat er &6l gisthed ghepscpaéngg a sARRONE )rai 3 cataliistRis( by | noipiento sigtansst r at e,

%3?1%12 4-pent ane‘gl onalp é&ltggmt abaiag pr %h%uq%fcaos%%gén gg“peai‘i sugté‘% mitrate,

pi ati nurﬂcptlageaa;ew%caoeat@naﬂm likBuimatheemthod of mrepmimgnckuipporedinieal caamsn wat er
sol ubl e .__boria (B2 eferred sequence, of addition
of el emag’r)lltB gatl%eltamg’ ghan W“W‘E) thﬂdﬁ‘g’?"cflﬂ %&FWCISQBPCI‘WSWF@I sHlystror
exanpl e fromamltemﬁie&m'ﬁzﬂﬁteﬂe prefdrrell hebciod S € RGPS E@Qﬁb%b@lltw@tﬂq mdl@hon nmay
be added to a support in the sane m xture. Alternatlvely th
Fi scher -fiatdpiteite @Q. NEO@IONCHIIS ARdrfdtiverRythd Supdeesnive i &@ﬁz@édewﬁﬁ gps.
.Vﬁgrther each el enent may be added in any one or nore of the steps of a
| t10p] solutipr efcpeect valent n8ttallrecutsot. nOne prfestp peticelis mimﬂuygztace theappeing to a

i Scher VRGDRRRORER kS als Eeafl 35 el HiEDlsc s might Bbimanoihye
accor di B%aﬁ:@s@lveﬂft@fEr{oﬁﬂne)e@nﬁﬁﬂlm‘enfﬁﬁnc guﬁ)ci e%@ﬁltc chioR Wad Psm | ncl ude

a layer containi a Fischer-Tropsch neta a layer contal ning boron.
This i sOpf&r FEC[BU&I%H eGlarapdi %m(ﬂ@namsmm hlatﬂbemmmmnsrgiamemlvbm, elge act as

a Fisch 0, S S Toschnet will, be
inder st E%%E‘t"h%?ﬁ%%%-r ERRURSLLBEIBR onr SRR PRERES EopRBhErclte | he

mat &5 i aplsummaﬂbdetglacamme Sojablé bordn doinﬁodnﬁﬂ&reﬂh@f:@ﬁﬂxbh }Wadﬂr $61iB16 ondsf oM a

nodi fi e pport itself. 30 The inpregnated support is dri ed- and
reduced ﬁn Oﬂa%’@; gen or a hydrogen containing gas. The hydrogen reducti on

step may notTHeand:e pREEHd selierich @f Gadiddn st clbmedté &P 12 July
2005 val ent _cobal ?ﬁ&l n asr?gt her preferrede ne%r1o 7 G%)o rrpreg 8z§upport

‘i's dri eoseskilled jn thert: nForgxpmple, 1 is epntemplated: @du&led‘wchclt-'hepqoh wexhamd of
hydr 09€8bron may be added to a support in the same mixture. Alternatively, the Fischer-Tropsch

20  metal and the boron may be added in separate steps. Further, each element may be added in

| ) any one or more of the steps of a multiple impregnation. Still further, a supported catalyst
according to a preferred embodiment of the present invention may include co-dispersed
Fischer-Tropsch metal and boron. Altematively, a supported catalyst according to a preferred
embodiment.of the present invention may include a layer containing a Fischer-Tropsch metal

| 25  and alayer containing boron. This is particularly surprising as boron has been considered to
be act as a Fischer-Tropsch poison by covcﬁﬁg the Fischer-Tropsch metal. .

It will be understoed that the promoter is preferably added as a component of the
materials loaded on the support, and is thus preferably distinct from a modifier of the support
itself.

_. 30 The impregnated support is dried and reduced with hydrogen or a hydrogen containing
- gas, The hydrogen reduction step may not be necessary if the catalyst is prepared with zero




.1 ow COB:%

- bed reggtors, anmong others, may be used. "Accor

Typically, at least a portion of the netal (s) of the catalytic netal
conponent (a) of the catalysts of the present invention is Qj’fzze(ﬂ% in a
reduced state (i.e., in the metallic &tate). 5 Therefore, Ui rmal |y
advant ageous to activate the catalyst prior to use by a reduction

t r eat menialeni ¢obhlte P ARHIRR G- feed WM& : ) . -

Typi cal | }/ t he catal yst ?ge treat e%%tlﬁﬂﬁ'?%gﬁggﬁ%a&??hgé%(r%véthi n the
range oftiffor 8RYESR AR redupediin theipssencs oflydragon. about 0.5 to about 24 hours at

a pressure o t Pyre hydrogen .may be ed.in the
reducti on trga Rﬁéﬁt ?t]’eagsspa y gﬁ ?ngtgfg{rc{eg(gf&ﬁ@capr%gé‘ﬁ%é% cg%p?‘??& {Bﬁgg’esuch as
10 ni t r 6YiNsts of the present irventionhis direseitrin anmdedel &tated @6 Sn afe HeRliknom@).i n t he
art, s sugf), L3 hon, n%i de and carbon tﬁj oxi de. Reduction with.pure
hydrogen and 7 eductlon Wt BogsTHUS £ AdIVats: the Gaiplyt g1mion he) usn Py 8rTedwioRi de are

pr ef er r gehtmiteinade preser2t of HIFrOGNA Lt ERYIVARORmbE M. 2PRIan] Yt Ca@RQUL 100% by
vol une. _The cia’}t‘ﬂli%st.s of the preferred enbodli)érrents of th%’ pre%‘ent %nvention

are prelF@stdy OZFO A 2 IFmperatyredn fhej rangsrof feosw atfony 7HCoLabrtdPOSE, for

hydr ocafdeans.s t&esdut P4 8H6E aPh i [ h ppocess. The feed gases
charged to the pr_oct:_ess of thgre%)spgefdgﬁre qéonﬁ%gdl??rérg\[tm'o?urgﬁ'g&oﬁ?"e?g%ﬁe

i nvent i ¥Ad d® M redectiopdr-ogeent, o man a hyisliugy ef hpdogen eandamdineardas tusaoxi de.

oo i aPRck: O Emuthe @ ol e SRETARE o SRV OB SF ueh 14 GHORT gt

according To the process-o _ ] 3
* hydr ocanrtyomsicsmd arbsn dipihian Reldyctioh &t pafe Bideaeh 284 FRLQIN with a Rakful2! e
-oxi dat i

AN ot t&er rocesses known in the art. Preferably the hydrogen is
provi d&4 PESropsLa 'WBdﬁ?ﬂoxéﬂet%%ﬁ“% nehe-amaeynt of ydsperarmaarangsy fiom have
suf fi ciabgit 190doboado% by vollidkd activity to convert some water to hydrogen
for use in the Fi scher-‘Fr'opsch process. It is J preferred that the nolar
ratio of hydh®&eaYsts of hepislemon srbodiments of ¢hef prestnbinventinat s préfenab. 5: 1

(e19. , ufado 0. : I e I t he feed gas. sLream contains
hydr ogen air?dét&g%&ggrpg%cﬁg %%oélz’%lggénn%h%%t’?@ d?mtgﬁ%{l’t ﬁ’?:e'%?‘:hfﬁe f eed
gas mayrapsefoprocsss.alThe fead lgases chiirgadi td ehe pRbesd 6fle pRferilcgotsRat bflgeont ai n a
%&ration of conpo nds or elenments that have a del eterious effect

L friyeption Gomprise hydfogen, or a kydrogsn sawre and sarbps spngaidedlp/CReed to be

on the*ca

| - pre-tr ( r [ ' Jlaw concentrations, of sul fyr or
P 7 bl bRuBR ek diton e SRS e R ine T Brogtiey

sul f i déis. ingmtivhearf bedbtgmed fivmclight Apdredrbohs Such e nedianb ¥§tmdafs 8f sB8akt 1 On
Zope. nical. . arrangenents of conventional design may be enpl oyed as
TR e‘%@ggjl i §“§{r‘nae’ et ‘Hé’?hef BrocesgR AfpYR In the g Pprferabi g bdregsntied, slurry
phase, pretided by fatliytideem) laltidughs6a€ Fistr-Tiopbdn c!aéj&)_s@ av@ﬂ!{fﬁ&&t.»ﬂ’ter dl I ating
In , e size :
shtft activity to conVert some water to hydrogen for use in the Fischgr-'i/‘ropsch process. It is ' )
preferred that the molar ratio of hydrogen to carbon monoxide in the feed be greater than

0.5:1 (e.g., from about 0.67 to 2.5). Preferably, the feed gas stream contains hydrogen and

- 25 carbon monoxide in a molar ratio of about 2:1. The feed gas may also contain carbon

dioxide. The feed gas stream 'shourld.contain a low concentration of compounds or elements
that have a deleterious effect on the catalyst, such as poisons. For example, the feed gas may
need to be pre-treated to ensure that it contains low concentrations of sulfur of' ni-trogen
compounds such as hydrogen sulfide, ammonia and carbonyl sulfides.

30 The feed gas is contacted with the catalyst in 2 reaction zome. Mechanical
arrangcments of 6oﬁventional 'design may be employed as the reaction zone including, for
example, fixed bed, fluidized bed, slurry phase, slurry bubble column, reactive distillation

column, or ebullating bed reactors, among others, may be uéed. Accordin’gly, the size and
' ‘ 8




8 12 July 2005 physical formof the catal yst particles may vary dependi ng
on the reactor in which they are to be used. The Fi scher-Tropsch process
is typically run in a continuous node. In this node, the & “Wo%ﬂq%y. space
vel ocity through the reaction zone typically may range from about 5 100
vol unes/ hour/vol une catal yst (v/hr/v) to about 10,000 v/hr/v, preferably

f r om abogphysk@Drny bfithe vatalystglanicies §hap Cary\depending ok lie: resddtih Whichahey aremper at ur e
I's typi cgl |%gl n the range from about 160C to about 300C. Preferably, the
~reaction zo I s operated at conversion pronoting conditions at

t enper at ur es THeTRBOIOTHopskA PlockR :@%ﬁiéhll)?ﬁg% a ¢ORInhAAGEIdRN 1% BEmoRE,RSUr € i S
typically in the range of about 80 psig (653 kPa) to about 1000 psig (6994
kPa), 10895 beushyasnage velogity dmowshi ghe( esagiqapaqnet bfp&blbumafomsmfgon(m@wt kPa) ,

and s¢ fro to abqut 450
psi g (ZBMOHT%%O& GapiEt, &@ﬁbfﬁhﬁg‘?‘&o@ﬁoﬁé}hﬁ&bé’g e '19 ORa¥8% gr eat
range of 1000/vaeM! Brabye QM{ﬁvfhr/va'Pﬁ&ébédbn Z0NE tdnipeRfle RUABRAIY SN ER faﬁget he
product hydrocarbons will start at methane an continue to the limts

obser vabFemphorid§8i6 tnaioys 30 CaRaelerably, the raagton gerisdm opgeled mbbemygrsion 15 The
process mBr?r{gtdoﬁai'u@ﬁJ ltélﬁ,%%&ﬂ&m{ﬁ &ﬂ%g&%’ & RGa %‘69@ gy nBﬁ ¥8‘nc°r or e

car bon ~, especl a ove ref erence prefer space
vel ocit wrcasmptetyaiceiﬂyemahd rqngesﬁal:foet 80 psig €653&Pa) erapbutyO0 pliga6994icPa),ange of

L Phad0® Bt S peielios Rod T8 Sinut S8 PRE 7 keRad Sk tnokreReae (he
effl uentfrosaﬁmmm%@lgqﬂoﬁdl@amas&utamgggezmkPa)often be a nixed phase stream

i ncluding li %HI d and vap o%ro(ghase products. The effluent stream of the
reaction zondPHERpdests gt QTB““@fPF@@ﬁS Villchaye p gealrangey! mejeculaavaightnal

anmount s Topbichlld HRCAHRANNARH R8s SC{ke | fbdcfh %O}thm Chat &R %E}éiﬁdng ingONe

separating, t he | i quid and vapor phase product e vapor ase nmateri al
may be peryiwe td the hmiy obsarepblt bytmegerminatysis] abegt 5(bt|0 hﬂécmbemyp@fmdddﬂet.l onal

hydgeca itial r-liquid
'sepéé)at I‘lﬁ%&}ﬁ%ﬂfpﬁn&ﬂﬁﬂg u?c?@ﬁgranﬁ?q %1’(1 r%fa%%s Vm§ub\'§ é’(ﬁ “%Oﬁ? ‘“§%‘E i on zone
may be éspacialiy ovhen fthien abdvesneftiensed qéfeited sgaciveRbity , tepérhtord) And) PreésedreiMm- i S
enployed first t rf@m)ve‘ | i ght hydrocarbons such as propane and butane. The
remai ni Y stﬁ“cﬁ’ﬁ@ ons may be passed into a fractionation colum where

they are sepmcaiid rityge@inldrdsarbdd8 iphddubamahd fHa&ldarMH%ﬁ :weﬁlyaﬁfd?@p ht ha,
ker osene and fuel- oils. Fwdrocarbons recover ed
liquid phase products at the reaction zone operating conditions. Therefore the efﬂucnt stream

(

_ 20  of the reaction zone will often be a mixed phase stream including liquid and vapor phase
J products. The effluent stream of the reaction zone may be cooled to effect the condcnsatiop
of additional amounts of hydrocarbons and passed into a vapor-liquid separation zone

separating the liquid and vapor phase products. The vapor phase material may be passed into

a second stage of cooling for recovcry of additional hydrocarbons. The liquid phase material

25 from the initial vapor-liquid scparahon zone together with any liquid from a subsequent

~ separation zone may be fed into a fractiqnafion column. Typically, a stripping colﬁmn is
employed first to remove light hydrocarbons such as propane and butane. The remaining
hydrocarbons may be passed into a fractionation column where they arc'separated by boiling

point range into products such as naphtha, kerosene and fuel oils. Hydrocarbons recovered

30 . from the reaction zone and having a boiling point above that of the desired products may be

~ passed into conventional processing equipment such as a hydfocracking zone in order to

reduce their molecular weight. The gas phase recovered from the reactor zone effluent stream




30 fromthe reaction zone and havi ng a boiling point above that of the

- desired products nay be .passed into conventional processing equi pnent such -

~as a hydrocracking zone in order to ‘Treduce their nolecul ar 2wdlYA%0S - The gas

phase recovered fromthe reactor zone effluent stream 9 12 July 2005

after hydsqearbop, REQUR) doalTBY BRI ALY REHGIES dirdiby CRARAV T 8

sufficient quantity o car bon nonoxi out” further
el abor abydoegen mnd/drsatbet inonexdde.hat one skilled in the art can, using the

description el utilize.the present jnventi to dts fullest extent.

The fol | owi n‘gﬁﬁ%’t Z'I%‘S F]ﬁ%?{?%onaI’te@tbgﬁ%‘éedc[h%s?q;fggpcﬂﬁidl'ﬁ HLEPUUE, tﬁ‘é’md not
as consddseriplionoherdig, sfldpethef plel@t phamaot donite TullRD cx@n@NYTNA YoNdwihgoever .
For exanple, it will be understood that while sone _continuous teﬁti ng i s

desct i HEebodimenispede b GPnstusd ae FURN W 88 MBLAS ConslFaining dhe, s5apg Afyihe e
oper at egedeft iRAnGN FOAE walFhdEldre. B cgﬁﬁﬂl’,}ﬁ? il 69 MkIsRBd BRe WhAt séhe

catal yst sanples used in continuous fixed bed testing was treated with
hydr ogesenpmuops tesingisalesonibeha Froeash dor-prpdypinghhydeasatbon may lalicativelybe sanpl e

was pl i,n S | quartz crucible in a chanber and purged with 500
sccm (%%g f(edilb-glaéﬂhn'g?&se) nitrogen at roomtenperature for 15 mnutes. The

sanpl e was then heated under 10EXAMPIES 7 x 15 10-6 nB/s) hydrogen at

1 'nlg@lto 1%0& and held at 100C for one hour. The catal ysts were then
heat'ed g to 400C and held at 400C for four hours under 100 sccm
(1.7 x 10- 65363{&)m@yﬂﬂgag%&ngﬁbaseaaﬁmoﬂﬁnm&Qixe@%&@esﬁﬂrg (sl eregied wadhd pur ged‘\)

with nitrogen  before use. Each of the catal yst sanples used in continuous
sl urr y hydraganepsior fyusgrinl hevidsphe Tiopgh-reantion e e catalyslesamelei wa plaseddbép pri or

to reagtl i ng.-the !?ygln r dur e A kn hg, O e _cat al yst

was I'ogﬁé@a}’%&a lllglg.m%g’s ai fﬁgdegggggﬁﬁﬁogﬁgm%xr@lﬁn lssmﬁg ‘{}'e%f to 120C

under oo egeperdlre o 19M6huts| NThe &ardfle p8asOihetheted ander of00lscht/ (ix The tube
ai_ned _at 1t2 C. under these conditions for two hours for drying of

i 0
s o allip ol hydrogenat LICiETI t9cl00%e nd Belde ORTC o end hast b CEAEENd 11 om
Ni t 1 090G et Rer Wedfed A€ Tocyhitied aa%ov@w%ah%@ 450" Sfor four MYES WAL 1doYRek 1000

cc/mn and 40 psig) at arate of 1.4C mn to a tenperature of about -400C
The t utie? wd8Smelshhpdroged. The sdoples @ Cooled ér hydregee and puriged wvith mitoogesi xt een

hour's ge%rc use.
' Each of the catalyst samples used in continuous slurry bed testing underwent a high-
20  temperature activation step prior to reaction using the following procedure: A known weight
of the catalyst was loaded in a 1 in. OD stainless steel tube. The tube was heated to 120°C )
under nitrogen flow (10600 cc/min & 40 psig) at a rate of 1.5°C/min. The tube was maintained \.)
at 120°C under these conditions for two hdurs for drying of the catalyst. At the end of the
drying period, the flow was switched from nitrogen fo 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 red‘uction. At the end of the reduction period, the flow was switched back to nitrogen

and the tube cooled to room temperature.

10




catal yst reduction. At the end of the reduction period, the flow was
. switched back to nitrogen and the tube cooled to roomtenperature. 10 12

- July 2005 Catalyst Preparation EXAMPLE A 5 Thi s exanpl e i sl2alubotfi®8rati ve
exanpl e of a corresponding catal yst without a boron pronoter. Al um na
(Engel hard 712A-5-1584-1, 4.0000 g) was slurried into a solution of nolten
- Co(NCB) 2. aEalvétprepfidtion . The catal yst precursor was dried at 80C. The
resulting catalyst precursor was renoved fromthe oven and exposed to air
to absorb noisture. The catalyst pkogWFS9s Was then dried again at 80C,
foll owed by heating at 0.5C per m nu 0 350C, and maintaining this

t enper at ure f oky,: L Qut e L _catalys recur sSor then heated at
0.5C pgr nm nut gh%%x%@gs ZS%OAJ é%&&%g’é?n}pbly?éﬂd%é{f&o@fwvﬁysﬁ%@wﬁ %hour s.
The c?t al pemdtad Alumin @Egelhardr}ﬂm'k#simmf 4.@@%%&&2 Eﬁmdaf%hﬂ BoRtdh s 15
exanple is C tive exanple of a correspondi ng_catal yst containing

r ut heni urrﬂfj]lt&" %an&ﬁ%z%&' égg)ﬁl‘ &Fhﬁtc%tflys”ﬂﬁ%’"@a’f Y ec\ﬁés?o%:/f?e'ﬁh? waulige an
agueous - ey GRRLIONWAS rofPE frorfl iCoveR ahdEGRsd BRI RNlaBoROMBRREL Bfe/

avai | abl e ganma- al um na sugport. Rut heni um™was co-i npregnate uring the

| ast st epC@alyst Frgpmsor wasr d@gain 3th80°C, éailosiey Sty haatingdt i0eif Cagper hilut€xoand

cal ci pgd 030 Thi t nom nal .conposjtion of 20%o/0.1%
Ru/ Al g%e 9‘%%%%&&%%@@%&@@3@3&358 ‘We‘ﬂé‘g i 3@8 |r\?8‘&i>is¢1l’f8°‘§ﬁ%f| YasdiBunt of
. vater, adbratbdtap OrSBC tpen mirntiey GBI, Gind R dude AT dgdgen T W STtk 6 hdkrsini Na
*.,\*()Chi nmet , 'ﬁiw 2 s slurried into _this solution. The slurry was treated
~ accordi ng 0 %&85’&?@@%@6@?%@@0%&@20?% catal yst had a noni nal
conposition of 20%Co/ 0. 5%B/ A12C8. AM%LE 2 The sane nmaterial s and
procedure were used as in Exanpl e%, that boron was co-inpregnated
Wi th rut heni urfhist exappbpiy e niparatve pxaommd @f £ adbatspoiding Reapdyst | OhitaRing
rut heyd u nd bor re co-inpregnated duri the |l ast step of cobalt
i rrpr'gfgyna':}}1 @ﬁ'gm?hla"s W\(’I;@?‘% @g’f’mﬁaﬁfo%"tﬁ'b mqﬁﬁl caé‘gﬁ%o‘é’?st PERad bYdpogyeaus,

Ru/ 0. 59B/ispRgdation of cobalt done in three steps on a commercially available gamma-alumina

support. Ruthenium was co-impregnated during the last step of cobalt impregnation. The.
. catalyst was dried at 120 °C and calcined at 300 °C. This catalyst had a nominal composition
of 20%Co0/0.1% Ru/Al;O;.
20 ' - EXAMPLE }

B30; (0.08056 g) was dissolved in a small amount of water, added to molten
: Co(NO;3),e6H0 (4.9383 g) and mixed well. Alumina (Chimet, 3.975 g) was slufricd into
) this solution. The slumy was treated according to the procedure described above. The
catalyst had a iominal composition of 20%Co/0.5%B/ALOs. |
25 - EXAMPLE?

The same materials and procedure were used as in Example B, except that boron was
co-impregnated with ruthenium, to prepafc a‘-boron promoted catalyst. In particular,
ruthenium and boron were co-impregnated during the last step of cobalt impregnation. This
catalyst had a nominal composition of 20%Co/0.1% Ru/0.5%B/A1,0s. |

30 - B EXAMPLE3

The catalyst was made by impregnating alumina (from Condea as Puralox SCCa
5/150 ). The alumina was imp.regnatcd with an aqueous solution of cobalt nitrate
(Co(NO)36H,0, platinum(II} acetylacetonate, and boric acid using an appropriate quantity for
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30 EXAMPLE 3 The catal yst was made by inpregnating alumna (from Condea as

‘Pural ox SCCa 51150 ). The alum na was inpregnated with an aqueous sol ution
of cobalt nitrate (Co(NO) 36H20, platinum(I1) acetyl acet onatelulya®Shori c
acid using an appropriate quantity for 11 12 July 2005 incipient wetness.

~ The cat @lcipidnt Weifett! SPe ¥WRSAydt PRufbt §4s dindddeadh aieraQCizf)Qf for DABES aﬁ‘&‘d

calcined in air at 240 for 4 hours. This catalyst had a nom nal
~conposi Filgedin aroscQ . @2%bt¢dw.®eelmawaﬁmmg foBinFheogpositioravtri al s

and pr OE%E%O%@QO%@?%P@# n Exanple 3, except that platinun(l1)

acetyl acetonate was use a greater amount. This catalyst had a nom nal
conposition of 20%Co/ 0. 05%°t / 0. R2BMPPP3. Ceneral Procedure For Conti nuous

Fi-xed Bed Tests The cat aI t testin ed,  bed unit was conpo

synggs f eed §?‘B’T"d“at§“?ﬁﬁé?€%ff°°°df@‘?’ SBfeéras ’WW‘%&X%P%EWUF“W&%M cold
traps, RR6AcRbRSeWiLude ot ladlrdhic anfif:. timil@%a@@& hafl A IR RAXAPOSHOPHE On- 11 ne
and two. off-1i neéﬁThe carbon nonoxi de was purified before béing fed to the

r eact or 2Q50(e9/0-85%DR. I BBHL G de on al unina catal yst placed in a trap to
renmve @ieril PRt Eentu ﬁ?]qfxedﬁgﬁ }tgdl vi dual gases or mxtures of the

.gases viere VESS d wth glass 15 beads before
ent eri ng t hdhsapplyst tmmgﬁabcdbécbedi was d:dtqaos@mfta)syngéﬁfeed saeimn tuadarmade of

3/ 8 9 1/ 4 | ess e t ubi ng.
e ersthroPeiliaraqiet &f Hioridealidions Rk pressig Tesotorty ind BEos| angt i of
the c&hajn)asdgrdpad(owm-hﬁeaﬁmb%’ﬁf.mnd)n) with 2. in. (5.1 cm of 25/30 nesh ! ».
(0.71/0.59 gl ass beads and gl ass wool at the inlet and outlet of the

reactor. 20 HHETHRRMARRKideoyes B bfare bejpg) feddp trsreattop pra g dpdi nder s.
The wadpxide aRSaliing caBfst P tacéd‘lﬂpa‘éﬁ# F) {e?rﬁl f% V\g éfoga&?bdi\@fs ra&ehe afpPC. The

reactor had two wax traps in par y two“co dtraps in
par al | édiviggal aaﬁys g mixiures pbthoraasksovere frmived inhee 30@mEtvessel fidlod withtglasough one

wa angsﬁg mat eri al bal ance period, the
' ho;i an cgf@ cﬁgﬁé@@gg@:@\i&ﬁi&d@%ﬁ@gm d'gﬁcﬁé other set in parallel, if
‘needed. Theleaveatrtdsra\pss madd of 8/8dn.20.95 dhoanD. r&yciwma((bemcm QDU Gtainldsst ribution
usual | nd, above) while the cold .
(Usual L 1R She Tongdl ok
_ 1'tubing. The engﬁ‘n of the reacfor tubing was 14 i m (35 6 cm). The actual length of the
catalyst bed was 10in. (25.4 cm) with 2in. (5.1 cm) of 25/30 mesh (0.71/0.59 mm) glass

beads and glass wool at the inlet and outlet of the reactor.
20 - The wax and cold traps were made of 75 mL pressure cy]indc_ré. The wax traps were
set at 140°C while the cold traps were set at 6°C. Th.e 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 Analvtical Procedure

_ The uncondenscd 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, Ny, CO,, CHy,

C; to Cs alkenes/alkanes/isomers and water in the uncondensed reactor products, The '
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traps collected a lighter hydrocarbon product distribution (usually between
C3 and C20). Water, a mmjor product of the Fischer- Tropsch process was
collected in both the traps. General  Analytical Procedure ¥HeV#¥8ndensed
gaseous products fromthe reactors were anal yzed using a common 30 on-Iline
HP Refinery Gas Anal yzer. The Refinery Gas Anal yzer was equi pped with two

thermal - GRRGUCHD 'c%éh@éﬁﬁen%ﬁ%ﬁesﬁﬁgm&@&m‘%@% e%}im%'}f Rhent> H2

N2, C02, CH4, SoONers an
unconde ns@de rﬂmrgnnnqqrmehfws theToe trafd @ad &udliyl splid aﬂﬁompémphuam Wmmcaac h of

phase. TR0, SRR G afeH it 2B ePufecBod nabis” dhe frestle Totm

t enper at from mebcopmap W& usedilyliguil 4 %dndtcﬂfp&dt&?é an98as Gh ALY 4E Bbthifed arHeon
di sul fide before anal ysis. The organic phase fromthe cold trap was

usual ¥y FAUERHSAPRgse froBhihectioe iraps, vas éﬁ@bWﬁ% apth anglyzed 05 alehals e, OtllfHe 5
aqueous phasRs AR Bﬂ?-%n&?ﬁk dhirSiRao¥ash gﬁg{?}g\gr B ﬂn@fbﬁkzﬁﬁ&{j%&&iorﬁh}?@hm s and

ot her oxygenates. Two o0 1 ne gas chr S equl ppe

i oni zat i &Ad dert the pealysisnelr be onswit maquhmlsarhadeysoléectﬂd frém the gaxiacd asld aqueous
phases cﬂ%ect ed fromthe wax and cold traps. Catal yst Testing Procedure
10 Catal yg (3 g) to be tested was m xed with 4 granms of 25130 nesh

(0 71/0 CllalystiWestingProtediirans of 2 nmm gl ass beads. The 14 in (35.6 cr‘r)
9 M gla

| ar reac%:gr irst loaded with 25/30 nesh (0.71/
SO as aB’é'cé&&“Qb‘i tpsted wasimpgyl With dgramsgit 2638 mesh - 3’(’0 59 49 and -
Cat al ystd/ giras sf Qﬁﬂﬂl gIEk%BéhH? e uhg n(BB%Qgﬁ%lﬁﬂQ rgﬁdi'p\krfsdf £01daled \(vt?t@ 4 cm

of the reactor he remaining 2 in. (5.1 cm reactor | ength was

once ag# ii0mpash éQWW? 69 H@Q/g#@s freads so BS tq oreqmy 21"7595 hﬂl)'l) @naﬁlsofbhfawgctoxBot h ends
of the "Iﬁ@ﬁ&tﬂg %?g&h%ﬂﬁﬁ% Msttn%rgiogé% A8 glzcupl%ﬁtlalny fi‘%#;h%ia{h'

subsequent 'y out using t oW ng roced FEAEPhr was -
heat ed ﬂ@g@Zd@emmm:nglEm GHEom) bbwm(tdzﬂengﬂcﬁms nmcala@uﬂﬁllmswgh @3B0 nickln) ) at  a

rat r to mai nt a| 0C under these

con |tig (? \r}&laﬁ% gs %‘%ﬁ '&‘hﬂ%‘ﬁ‘f"mﬁrﬂ”@m éé‘i‘t%gglssf”ﬂgl end of the
dryi ng peri Oﬂatalyhecﬁ\‘aﬁuh Wsﬁ%@&h@ﬂc&rﬁmmhhﬁ?ﬂﬁrfoﬂ&vﬁx @&e@he The
“reactor was heat ed under hydrogen flow (100 cc/min and .~ (377

(Pa)) ateacior weshegied to HASPGderirapsn Bow (D colmie ey 40ase aTRPADsbatae. 3500
| gggegf ?{Sﬁ?ggﬁgﬁﬁgkﬁggjﬁﬁénﬁidﬁlwt 94 Surki th&R B A Rns BLMO HoRR fof 1 N
drying of the catalyst. At the end of the drying period, the flow was switched from mtrogen
20 to hydrogen. The reacter 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 temﬁerature
-{usually 220°C). |
25 , The reactor was pressurized to the desired reaction preésure and cooled to the desired

reaction temperature. Syngas, with a 2:1 Hy/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 o 24 hours. Durmg the matcnal
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




the fl ow was switched back to nitrogen and the reactor cooled to reaction
tenmperature (usually 220C). 25 The reactor was pressuri zeq t tﬂb% desired
- reaction pressure and cooled to the desired reaction tenperat Syngas
with a 2:1 H2/COratio was then fed to the reactor when reactlon

condi t i omtewelrlaianaac Fesn thiidfdrinagdn, w@édveﬂsmb@@r&ﬁc@ﬁ{yfﬂqm%ﬂ fedyat about
four hou er the start of the reaction. A materi al | ance peri od

| ast ed f therhydpagardan produas, G Brodyctiviy (a‘h{/@@é)l- WCIE)I prate E&peri od,

d d fl d
cormpost o2”’*%?%‘“‘*&2533%%%%%@% ByS B GARBan ¢ phases

col l ect ed i n THearesndix obtained Gohdith fcafuo@ oW %@Hdr%;ﬁ@ﬂ&tﬂ?ﬁﬁ&ﬁ‘ﬁﬂ%tas
tenp ratur and“g,?lﬁssu e. The information collected was then analyzed to

get & t otaf"oxd: 9534 ndi vi dual carbon, hydrogen and oxygen 13 12 July

2005 materi Hacla! BaRSE-2 I
Sel ectivity/Al Bha pl ot for "sigfii:é B bﬁg@é&ﬂ%l;ré]% caée) ?L%{’:’Z nrg%?rﬂéeduct S,

- C5+ Pr odEF(‘,gf}‘\Hch?m(’Eﬁ?ﬂPﬁ“PR@) theatotal hycbvcgmo reedueni%)Gind relaﬂ:wdﬂgirbodudwnypr oduct s

(% and sired react u S were cal cul ated. The results obtained

" fromt hé%ég aﬁﬁﬁhé gd lzgi‘ﬁsﬁg "‘%’?‘5&‘3}‘1 Lhe Elajive ampunts fee. $HPHIN)SBr e shown
| n Tabl esthlrespecERChe Mitial ﬂﬁk&ﬁl &m&c& ipeicd Kt i QUEST e, S 493N 48 o?x lve CO

MﬁrSI on (99, relative, Eercent met hane 1 n 'the total Focar bon
pr oduct TEPEC ﬁ'él rTBF‘dfutb"ef‘?@S“’e VF*I“@G each\rﬂmgblc (orr/&achonat@ml hhlgwee pbnaddsfor )

ALy Storbpukd 8PRGH PR VERL 3 448 RIBUAGRL be fra hARML MR RS 11D
and- 48 Hsureurs 00 sireasp Sutdny slubseqiiina maitesial b.tlmceqieﬁbd vaheat walueffropmclie vari abl e
for eac r | an ri co Val ue at X hours - Val ue
at 48-4 Oq'§ tt%/?'a %‘F gg’ gﬂ’&ﬂﬁ’%‘j ‘[@M"é “%“ﬁ 0 was O-§onds0 §§f%’treamfor

any subwwmmarﬂaﬁtamtaheb@camg period. The a value fromthe
son- Sh tz FL#) .ot of the hé_grocar bon product distribution was 0.89
.88 for A"Q%mcc%éﬁfaw te imprpyadstability of qatalyss 1 prith respeel t s shown

' Tabl 1© ctali N0 Bhihs Smp RERUR ToP it talinfpefiBd HiE el oBiohtR BPRECT 1O

catal yst Each % i nprovenent, for materi al ancé perio
conput W“ﬁﬂé’a‘“ﬁﬂdﬁ?@meV«'(lWainlJ@bleri)ffﬁiﬂhenZ‘able\l’axI ue in Table 1)/ (Val ue in

~Table 1). A At Rl o6 e anhe 0 BBMARSh ind T, BroRB iy Ho e

~ Productivit
. catalyst of Bxample 1 as compared (o that the Example A for the same material balance

20 period. Thatis, each % improvement, for each matgrial balance period, was computed by the
~ procedure (Value for Catalyst 1 - Value for Catalyst A)/('Valué for Catalyst A), where Value
is the value of CO Conversion or Cs, Productivity. - )
' The temperature was 220°C, the pressure was between 340 psig (2445 kPa) to 362
(2597 kPa) and the space velocity was 2 NL/hour/g. cat. for all the examples in Tables 1-4.

25 Table 1. Catalyst A. 20 % Co/ALO;
Age (hours) Stability ,
CO Conv. (%) | C; Selec. (%) | Cs. Prod. (%)
49 100 100 100
73 1 98 106 94
97 95 94 106
147 89 106 83
170 ' 89 106 83
- 193 86 106 78
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catal yst of Exanple 1 as conpared to that the Exanple A for the sane

mat eri al bal ance 20 period. That is, each % i nprovenent, for each material -
- bal ance' period, was conputed by the procedure (Value for Cétzajluiys%ooﬁi- Val ue
for Catalyst A)/(Value for Catalyst A), where Value is the value of CO
Conversion or C5+ Productivity. The tenperature was 220C, the pressure was
bet ween 340 psig (2445 k 0 36 (2597 k t he space velocity was 2
NUhour/g. cat. for all tﬁgg’]@;aﬁﬂﬁ_aééui'é%%gdg’?q‘i&gg 5 Table 1. Catal yst A
20 % Co/ Al 28 Age—{hours) Stabili —9 ' % 49 100 100
73 98 94 97 99 10 (heurp) 89 33 170 89 33Stabdygq 78 8 14 - - ---
-l 12 Jully 2005 _TablleCQ Comat%) 1 Selec($0)%| CoE0 PEodB(PN 203 Age (hours)
Stability CO Cynv. (A8 C, Selec.1009% Co+ Pridd. (% 48 H@O 100{100 74 91
137 80 98 94 126 9074 121 100 196 90 | 145 13796 146 85 Bable 3! I nproved
stability of bé¢ron-pspnoted catadyst | 5 Agee(hourds) COggonv. (P9 C5+ Prod.

(11o) 145-147|T2 9131 100 116 90
' 145 . 96 126 - 85
Table 3. Improved stability of boron-promoted catalyst
5
: Age (hours) COQ Conv.(%) Cs. Prod. (%)
N ) 145-147 12 9

Table 4. Improved performance of boron-promoted catalyst

Age (hours) CO Conv. Cs, Prod.
48-49 11 11
145-147 20 6

10  General Procedure for Continuous Slurry Bed Testing
' The slurry continuous flow stirred tank reactor (CSTR) catalyst tésting unit included a

gas féed system, a slurry stirred tank reactor, wax and cold traps, back pressure regulator, and
three gas chromatographs (one on-line and two off-line). .
The gas supply system involved multiple pressurized gas cylinders, pressure
15  regulators and individual mass flow controllers to supply carbon monoxide, hydrogen and/or
i )  nitrogen to the reactor. The carbon monoxide was purified before being fed to the reactors
_ over a 22% lead oxide on alumina catalyst placed in a trap to remove any iron carbonyls
present.
The reactor was a 1 liter stainless-stee! stirred autoclave equipped with two stirrers on |
20  asingle shaft. The bottom stirrer was a gas-entrainment impeller, while the top stirrer was a
pitchcd turbine impeller. A thermocouple inside a well in the reactor measured the slurry
temperature in the reactor. The reactor had a furnace for heating. The temperature of the
reactor was controlled by a thermocouple measuring the furnace temperature. Gas was feed to
the reactor at the bottom of the reactor, just below the bottom stirrer, through a 1/8 in. tube.
25 Unconverted reactants and reactor products exited the reactor at the top through an in-line

sintered metal filter.
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Tabl e 4. | nproved performance of boron-pronoted catal yst Age. (hours) CO
Conv. C5+ Prod. .48-49 11 11 145-147 20 6 10 General Procedure for .
Continuous Slurry Bed Testing The slurry continuous flow stliZrdb2q08nk
reactor (CSTR) catalyst testing unit included a gas feed system a slurry

stirred tankrheant fldcolbitap ISR df 5808 p@%&oﬁiﬁ%gﬁé Q@ﬁg&gw set aNd

t hree gas chronmat ographs (one on-1line and as supply
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in a_trap to remoye any.iron carbonyls present. The reactor was a 1 liter
s_taiﬁl efractuanggps cofleqt Bbai?t_%ﬁr%R?e equi pped with two stirrers on 20 a ‘
singl e shaf tA bEREplRRteORkRhiof EH ealfPfoatlol Was SlcERLOWRAEarh BPGhd Rhx aphi | € the

top stirrer was a pitchéd turbine inpeller. A thernbcouple inside a well
in the ¢dddtaps Fheabaskepresse mivlntoy relicaerh dheapresang firoprh ecackiee pEsSUEThe r eact or

“had a f e aJel nper f, th e I S ntroll ed
by o 1 AP RBRS aheclGRE sBib il PEIRALE, Wied aolean B8 bl Pl ' ¢ e
r eact orregilatbh evabaset enpaviodichily meaadealie, flgw fite bthe whdohdenbeal gas prodtdts.r er

thrﬁ}ug a 1/l8 in..tube. 25 Unconverted reactants and reactor products

exited 1o op through an in-line sintered netal filter. 15 .
12 3]U| y zoomemeoﬁa@a@eargas&aé q»rddhét@wrtﬁe Q&éﬁ‘ar@fweﬁo&a%e@ﬂﬁﬁnﬁtﬁm s
cylinders. The wax trap was _set at 100C while the cold trap was set at OC

The waMicFGf- &% chematogrphe Bvipcliger evrmeasurement] channels sand; toyr itesamdlsual | y
e i .
'cl)ﬁ'dlfchﬁtf&kelgﬁo}sr. gile C%Ha%gﬁ:gﬁ H*e%glgéde%?é&{eg&ﬁfong N @g?ﬁu %UCOb

‘di stribution dsually between n a maj or yp?’ ct“of the
Fi scheCHi ©ptodls alkSnesédicinesdisomens in tholhopodeanded readiot produes. t r aps. A back

DTS e Gl Wp SRl PR PSSR 5 e P20, o
pr essubfgahio phaselTiR Grganipleds€ frbmQhe Kot HAP RvaB Wbkl sbli@%W roBhémpdpatae A
downstream of the back pressure R S B
portion of this solid product was dissolved in carbon disulfide before analysis. The organic
phase from the cold trap wés usually i'iquidAat room temperature and was analyzed as
obtained. The aqueous phase from the two traps was combined and analyzed for alcohols and
20  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 separation. This column
separated the organic phase into individual hydrocarbon compoilnds in the range C; to Cys.
.25 Hydrocarbons containing more than 45 carbon atoms were below the limit of detection for
this chromatograph. The chromatograph for the aqueocus 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
30 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 tpm and a nitrogen flow rate of 1000 cc/min was
started. The tub.e containing the activated catalyst was attached to the reactor head and the

catalyst was transferred to the reactor under a nitrogen atmosphere. '

16




o regul ator, -was used to periodically neasure the flow rate of the

uncondensed gas products. 10 Ceneral Anal ytical Procedure The uncondensed
gaseous’ products fromthe reactors weie anal yzed using a HA 2 Jhe£Q05c gas
chromat ograph. It included four neasurenent channels and four thermnal
conductivity detectors. The chromat ograph neasured the concentrations of
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hours. At the end of this step the reactor was cooled to the desired

~ reacti oﬁ”@@%ﬁ@t%iwmﬂmwﬁ%hapmgﬁbzed to the desired

The material balances were obtained for the catalysts of Examples B and 2 at the
following reaction conditions: '225°C, 350 psig, syngas spacc'vcldcity of 4 Nl/hr/gcat and
20 "Ho/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 stream fég any subsequent material balance period. The o

25  value from the Andcrson-Shultz-Flo_r;y plot of the hydrocarbon product distribution was 0.86
and 0.87 for catalyst B and catalyst 2, respectively.
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5 reaction-pressure (usually 350 psig). Syngas, with a 2:1 H2ICO rati o was
then fed to the reactors when reaction conditions had been reached. A

mat eri al ‘bal ance period | asted for between 16 to 24 hours. Foluyi28%n ti mes
on these catalysts were about 280 to 335 hours. During the nateri al

bal ance period, data was chiblee:t@dalyd 8l 2b%ed/ESppgan;,ad exit uncondensed
.gas flow rates and conpositions, weights and 10 corrpo%itions of aqueous and

- organi c phasgsAgeltogg) ¢d 1N The wax andsga%'hﬂytrapa, and—reaetfhon
-condi tions sych as tenper, rdmm-f The—i+nferration—¢ol lected i s
t hen analyzed to get tok% as|we ll,( oits‘i d??? &g ca¢5bgfﬂd-h drogen and
oxygen mat erijal bggances: {05 ihforkBtiod is (#taihed regar di ng
the type and [quarg ties—of-jeac Blts fcO KN 112) 480 we|l as the type
and quantitigs Ufl -eact-or (,8-3\: put-s (h\j’I acatbon4fr odyct s 9iwat ef, oxygenat es
& 15 unconverH-ed Ilbact =Yal§ Q)89 Erom t hitd3 j pf rmaBbon, {it vBBs pofsible to
obtain CO Cohverdfon (by -~ 86e| eciivitld for| eachO(CIL|to G#0) of the
hydr ocar bon ddb s [c5+ BPoducti vi 118 (gthr/ kggat) wayjght Jpercent CH4 in
hydrocarbon prodi®s (Pg, & and| theiig ke.| Thesgatefi al ggal ances were
obt ai ned for|the2@atal yst s79f Exjanpl gg B gnd Z,@t tThe  FgtTowi ng reaction
condi tions: p25Q86350 [psi gy3 syngas SPRCE Vel oChdy o4 ‘Djiulgcat and 20
H2/ CO ratio pf ZjiResyl ts§pr Taratipgg vaiues p—9%7of 7 eeHver si on,
nmet hane sel ect1' i3y, GOZ SE{ectTivi iymzand €5—protdupt+vity—ade listed in
Tabl es 5 and & Tor the Ttatarysts—of ._xa..kles%a-nd—z,_.r_&pecﬂively. The e
"relative value (i.e. stability) of each variable for each material bal ance

‘period is conmputed as (rV@I Ee t X hours - Value at 23 hours)l(Value at 23
hours), where X is the 'ROGPsC8AYE S LARGoH LBRY0S%RARGent naterial bal ance

Nl
PO
avd 1

25-—valge—from-the Anderson-Shultz-Florv plot of the

period. The @a25-veatu
hydr ocar bon p‘}% QY"sHistribution was 0S@Bilitand 0. 87 for cata yst B and
catal yst 2, [respectivpl $OGonva2| JhSelr005| GodSetecs.| Gt Blodst | B.
20%Co/ 0. 19 , e_(ht¥hr s) Btab{%jt dO Cois). Cl Selmg. Q2 Selec. C5+
Prod. (% (¥(%3 % p3 10® 100} 1001400 P4 8Rl12[40 Jgp TIB 89 123 36 88
%4 | 94 10~ | 4 96 -
118 97 108 40 98
142 97 114 36 98
166 97 114 36 98
190 _ 100 | 138 46 ) 08
262 91 125 28 91
- 311 %0 | 127 28 89 . .
335 86 135 25 84 ,)
3 A comparison between Tables 6 and 5 demonstrates the improved stability of a boron-

_promoted catalyst. Steady-state improvements are given in Table 7.
Fable 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
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142 86 113-40 86 166 89 113 34 91 190 86 118 36 86 262 79.132 29 77 286

73 148 28 70 311 77 130 24 77 335 76 132 24 74 Table 6. Catalyst 2.
209%Co/ 0° 19%Ru/ 0. 598/ Al 203 Age (hours)' Stabilit CO Conv. C1 18M¥20080p
Selec. G5+ 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

compari sos batans Wy 2ot i ot qudish etiebSla iy R B leRi ), of 4
“bor on- pHowsverd Catlyast Bs (witlBue hdions tslxtwed i anpmaliee neatly satee Of) verveisionTabl e 7.

Table 7. |l mproved.stahid |ty of horon-pronpt catgl yst. . A hours) CO
Conv. CSEQ%E%-%@/%( gfc?tflﬁ/ ;WIYISg%U'?Bhfﬂ‘Bg ﬂbegﬁﬁtggfesgﬂgé&?%g’rmsﬁ e unt's
of the vadviealagshitFQACAalygON Thah@hiReREt vityand sli%tmy%igﬁwm ¢diatstmad
catalysts B and 2 started out at approximately the sanme activity as

signi?i e&f’mwe‘j(‘ﬁgaébsé%ﬁ\r_%?agl’ﬁfﬁ@C%Fﬁloééﬁ"&lsyst s then exhibited a snall
deactivation Rejdiefled PkLHeE-TRIPSM catalyst is one with a high conversion, high C5+ yield

and low methane selectivity. Catalyst 2 (with boron) is better than Catalyst B (without boron).

Table 8 lists results for productivity increase, CO conversion increase, and methane

‘ sclectivity 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 1 ' 29 ' 18
_ 142 14 20 17
) 1 166 10 20 ' 13
- 190 118 6 20
- 262 L 17 |24 ' 24
287 23 26 30
311 - 22 22 21
335 16 17 19

The material balances were obtaine'd for the catalysts of Examples 3 and 4 at the

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

20  H,/CO ratio of 2. Results for relative values of CO conversion; methane selectivity, CO;
selectivity, and Cs, produciivity are listed in Tables 9 and 10 for the cata]ysts of Examples 3

and 4, respectively. The relative vélue (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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18 - ---------- 12 July 2005 200 hours, the catalyst activity for both
catal ysts achi eved a steady value of CO conversion. However, Catalyst B
(wi thout boron) showed a smaller steady state CO conversio V%%Jﬁpar ed to
~Catalyst 2 (with boron). Further, the distillate yield (C5+) for Catalyst B
was |ower than that f @rabledt dlaydist 2. 200hCo/00LER00.59/AC0, Vi ty was slightly
hi gher for Catalyst B as 5 conpared to Catalyst 2 at steady state
conversion | pwetghoud)dreferred Fischer sﬂgm@ch catalyst Ts ong with a high
conversion, high C5+ yi qr@lceahd 10@11 galha yst 2 (with
boron) is befter than|Catghgyst B (wdgout ipts results
for. producti ITyz,ncr dSE, 16lf0 CYTIVET eT RO selectivity

ggcgasle forf u;u& {bt 2= on oo ) & i r r espondi ngOI
t al yst hetH—borefi—js—a—feferdnce Vs re conpute
usi ng .the rjess ;E it TadPhs aland 8 anlinc®hice {or MWbre se) in a

vari abl e, as—giMéd inios A computeddhs (Val ueB8 for{cCat M¥st I Val ue for

Ref erence Cg Lue1fdr RéfereSfte Chtal V8% (of t héodragni t ude
thereof). Tdblel88illustrdf@s the sfferiof ressdts pf Cmlygt 2, as
conpared to {Cat&l¥st B. 1t96i s ¢onclayded {hat ghe agdi tiggn of] boron
pronotes thq actB¥ityfof @balt{Ruthemi um catalsysts] 15¢3ABLE 8. | nproved
per formance of boron-pronoted catalyst Age (hr) I CO Conversion CH4
Selectivity C5+ Productivity Increase (01b) Decrease (% Increase (To) 23

220 4 947 21 11 118, glglgg(:;@, t144220 0 13 190 18 6 20 -~
262 - 17 24.24 287 23°26 30 3 171 - fg@%ﬁptéégé’fyp‘i 19 The naterial

bal anc_es we % I or the L(;lllzgl‘l yg&ﬂbl [ |:)\o.||p| es—3—and at t_he
TRk & SRR S PSR P OSSRy el ocity of 6
- - (%) (%) (%) B ¢
21 100 100 100 100
44 104 105 76 104
116 104 109 85 104
140 108 100 - 85 108
164 . 110 97 85 112
187 104 103 85 104
212 102 108 85 100
283 96 103 58 | 9%
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 embodimeni without
' 10_’ departing from the scope of, and which are equivalent to, the préscnt invention. For example,
the structure and composition of the catalyst can be mo&iﬁed and the process steps can be
“varied. )
The complete disclosures of all patents, patent documents, and publications cited
herein are hereby incmporatéd 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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20 H2/CO ratio of 2. Results for relative values of CO conversion; nethane
selectivity, CO2 selectivity, and C5+ productivity are listed in Tables 9
and 10 for the catal ysts of Exanples 3 and 4, respectivel y1.2 Q9 at i ve
value (i.e. stability) of each variable for each material bal ance period
is conputed as (Variable at X hours - Variable at 20-21 hours)/(Variabl e at
20-21 ho ; . X ]S the .on.,strea or..any. subsequent .mat eri al
bal ance g‘é’ﬁ“@&%%‘e‘i‘ét@ﬁ‘Py‘%ﬁP&%@ﬁ Seh°§'." ad'a@d‘;aef?]st??d’sff” Va“aggns Sbviols 16

20%Co/ 0. 6RRIleA ibfBAaA BADB: ibdadddeittiis theSheditioh by tHQifmHv. C Sel ec. C2
~Selec. C5+ Prod. (% (% (% (%) 44 102.105 116 104 106 20 100 V9782 100
139 104 107 164 102 104 188 100 102 212 96 98 283 93 100 73 92 Table
10. Catalyst 4. 20%Co/ 0. 05%t/0.5%8/ Al 203 Age (hours) Stability CO Conv.

C, Selec. C2 Selec. Cs+ Prod. (%% (%9 (% 21 100 100 100 100 44 104
105 76 104 116 104 109 85 104 140 108 100 85 '108 164 110 97 85 112 187
104 103 85 104 212.102 108 85 100 283 96 103 58 96

-t
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5 Tables 9-and 10 show that inproved stability (e.g. with respect to
catalyst B) of CO} conversions, nethane and carbon dioxide selectivity

and C5+ yields are al so obtained for tatalysts containing pl<at and
boron instead of rutheniumand boron. Wile a preferred enbodi ment of the
“present invention has been shown and described, it will be understicod that

variations can be made to the preferred enbodi nent without 10 departing
fro the e of h, ar uival ent to, the ent invent.ion. For
exarbl o, Aimbest dirapaudp bR oytBR e e L il SHenn HERFFPES and
t he 1RASRA Sandt &RSorC AdnbGde At 8 batal 3@ if UTRRIiGh bRChRRMAIR& af cadversigi-ent s,

patent ocunents, and publications cited herein are hereb |ncorporated by
r ef aremeting gondigpns eﬁ@qtlrvetty producehen fedileaybi shrgard eqomiprisimgdhye¢apeansh saidd

h b | d d
7 e RS o Bl APl Bt Sy B PHRAZES SBindres sBtARRECT: TN
i S Isdfror, whictertithe @afalyet ie xade bﬁ&h&ltﬁc&l @iﬂml@ndadﬁegsmé bbﬁﬂ,to tt@rcawayst.atr ons

obvi ous to one skilled in the art will be included within the invention by
the cl ai ns. 9 21 12 July 2005 1. A process for producrng hydrocarbons

MRy 1 S1 Aghe ﬁ:ﬁ&ﬁa@%i‘é‘ﬂmﬁ L A&8inThe ARME: ne mil b ngcgﬁ@ @ bon

nonoxrde W a cata Ina reaction t conversron-
pronoting conditions effectlve to produce an efquent streanrconprrsrng
hydr_ocar ns sai catal yst. co r|s| |sc opsch net conpri sing
pl atk num oFCRT AR ¥ Prﬂgﬁ §che; Qﬁ?c RIEES e[mqrg made by

a net hod conprrsrng | oading the boron to the catalyst 2. The process of
claim1l1 wherein the Fischer-Tropsch netal further conprises cobalt. 3. The
prodess dhe praxess of cldirerleiirereih ¢heRiatadyst compogsschsupperhl f urt her conpri ses
ruthenium 4. The process of claim1l wherein the catal yst conprises a
support. 5. The process of claim4 wherein the support conprises alum na.

_22 52 JulThe pRI®Bss of claim 4 wherein the support comprises alumina.
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6. The proecess of claim4 wherein the boron is | oaded onto the support
concurrently with the Fischer-Tropsch netal or wherein the Fischer-Tropsch
nmetal ahd boron are added onto the support in separate sté&éuwzﬁ05The
process of claim4 wherein the boron and the Fischer-Tropsch netal are

| oaded onto the support concurrently. 8. A process for producing

hydr ocar bons, conprising contacting a feed stream conprising hydrogen and
carbon nonoxide with a catalyst in a reaction zone naintai ned at
conversion- pronoting conditions effective to produce an effluent stream

e | Si : ' t A ri ging a support: a .

i sChier - TS EOieRCar QAR S vaRldh b YoRnSJo-dR B Qpihort R ne T pitntpe
c oniscbiergropbcitmetainor vetredein thar KisadicB Trapechieal Al Bt Bic 20061 Giktd tidippart al yst
i's made b a met hod conprising |oading the pronoter conprising boron onto
t he "BEPPEFES'RP -t he addition of a water soluble boron conpound such as
boria concurrently with at | east one Fischer-Tropsch netal or wherein the
wat er sol ubl e boron conpound such as boria and at | east one Fischer-Tropsch
net &  arldepeiess efndlaint #eviergip dretbaron sebthedtischet-EpmsclPmefhh refloaizdsmted |

~clali rein the support conprises alumna; and wherein the pronoter
a'ndh?hgu%lgéyﬁiécrugﬁ) sch nmetal conprising cobalt are | oaded onto the support

concurrently. 10. The process of claim8 wherein the pronoter and the
cobalt are | oaded onto the support

Fi scher-Tropsch nmetal conprisin
condur r ef Pipoess for medugs g%wgfmﬂ sbmpasing epnfactirtghe fEdsshivem- Imapisiig et al
| oc Ros SR basth ke i 3l B RRor cabe mipioed @t SoRGR @Bmpound
sucproamtingrdoaditidds effective to produce an effluent stream comprising hydrocarbons; said
~ catalyst comprising a support; a Fischer-Tropsch metal comprising cobalt and a Fischer-Tropsch
metal comprising platinum; and a promoter comprising boron; wherein the catalyst is made by a
method comprising loading the promoter comprising boron onto the support by the addition of a
- water soluble boron compound: such as boria ooncuzreﬁtly with at feast one Fischer-Tropsch metal :
or wherein the water soluble boron compound such as boria and at least one Fischer-Tropsch metal

- are added onto the support in separate steps. -

9. The process of claim 8 wherein the support comprises alumina; and wherein the promoter

and the Fischer-Tropsch metal comprising cobalt are loaded onto the support concurrently.

10.  The process of claim 8 wherein the promoter and the Fischer-Tropsch metal comprising

cobalt are loaded onto the support concusrently.
1. The process of claim 8 wherein the Fischer-Tropsch metal further comprises ruthenium.

12. The process of claim 1 further comprising loading the boron to the support by adding a

._ water soluble boron compound such as boria.
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