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The present invention relates to a process for the preparation of hydrocarbons
from synthesis gas, i.e., a mixture of carbon monoxide and hydrogen, typically labeled
the Fischer-Tropsch process. More particularly, this invention relates to the use of silver-
modified catalysts for the Fischer-Tropsch process. Still more particularly, the present
15 invention relates to a method for improving the yield of desirable high-carbon-number

reaction products by using certain silver-containing catalysts.

BACKGROUND

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

many areas of the world, and natural gas is predicted to outlast oil reserves by a

20 significant margin. However, most natural gas is situated in ‘areas that are

geographically remote from population and industrial centers. The costs of

compression, transportation, and storage make its use economically unattractive. To

improve the economics 0f" natural gas use, much research has focused on the use of

methane as a starting material for the production of higher hydrocarbons and

25 hydrocarbon liquids, which are rhore easily transported and thus more eéonomicai.

The conversion of methane to hydrocarbons is typically carried out in two steps. - In

the first step, methane is converted info a mixture of carbon monoxide and hydrogen

(i.e., synthesis gas or syngas). In a second step, the syngas is converted into
hydrocarbons. _

30 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 Fischer-

Tropsch process, or Fischer-Tropsch reaction(s). Fischer-Tropsch synthesis genérally
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119(e) of U. planty @el isbrdBated catalysts, and produce gasoline in relatively high-temperature
fluid-bed reactors and wax in relatively low-temperature fixed-bed reactors.

15 Research continues on the development of more efficient Fischer-Tropsch
catalyst systems and reaction systems that increase the selectivity for high-value
hydrocarbons in the Fischer-Tropsch product stream. In particular, there remains a
need for catalysts that produce various desired reaction products. The products of the
Fischer-Tropsch hydrogenation reaction can range from molecules containing a single

20 carbon fo those containing ten, fifteen or more carbons. Single-carbon hydrocarbon
molecules are methane, which is the original gas that was converted into synthesis gas
in the first step of the two-step process. The multi-catbon products include gasoline,
diesel fuel, jet fuel, and various other relatively valuable hydrocarbons that are,
notably, liquids at room temperature.

25 There are continuing efforts to find catalysts that are more effective at producing
these desired products. Product distribution, product selectivity, and reactor
productivity depend heavily on the type and structure of the catalyst and on the reactor
type and operating conditions. It is highly desirable to maximize the production of
high-value liquid hydrocarbons, such as hydrocarbons with five or more carbon atoms

30 per hydrocarbon chain. |

U.S. Patent 4,619,910 issued on October 28, 1986, and U.S. Patent 4,670,472
issued on June 2, 1987, and U.S. Patent 4,681,867 issued on July 21, 1987, describe a

series of catalysts for use in a slurry Fischer-Tropsch process in which synthesis gas is
2
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gas hourly space velocities, while maintaining high selectivity of the process to the
20 desired products of carbon monoxide and hydrogen. Accordingly, it is desired to
provide catalysts that are selective for.speciﬁed products and also produce useful
amounts of the desired products.
Productivity, which is defined as grams of desired product/kg catalyst/hour, is, of
course, the lifeblood of a commercial operation. High productivities are essential in
25 achieving commercially viable operations. Accordingly, an important and necessary
objective in the production and development of catalysts is to produce catélysts that
are capable of high productivity.
U.S. Patent 4,663,355 discloses the addition of gold, silver or copper to a Fischer-
Tropsch catalyst comprising cobalt. The ‘355 patent purports to show that the
30 addition of gold to the cobalt catalyst reduces the catalyst selectivity for methane in
the Fischer-Tropsch reaction. Nevertheless, t_here is still a need for improvement;

particularly, a catalyst is needed that has higher C;; production.
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Pat ent 4,088,671 discloses a cobalt-rutheni umcatal yst where the support

can be dwdmgrkonpytl parfpdaeriadiay berurfonad et eopene cakbatsorfBe @S, Pat ent
4,413, %?’goﬁcgg%f%?ﬁ%%%%%mrgpgﬁ %L{e,@g@tp%gce&@t al yst having cobalt, ruthenium

and a Goup
Catalyst

According to a preferred> embodiment of the invention, silver is added in an

~ amount ranging from about 0.01% to about 10% based on the total weight of the catalyst
and support. The catalysts of the present invention comprise silver in combination with a
‘cobalt-containing catalyst on a suitable support. Suitable supports are described in detail
below. Altemnatively, the cobalt catalyst may be used without a support. In this caée, the
catalyst may be prepared in the form of cobalt oxide. |
Catalytically active metal compoﬁcnts or promoters may bé present in addition to the
éobalt', if desired. Examples of suitable Fischer Trbpéch promoters include Na, K, Rb, |
Cs, Mg, Ca, Sr, Ba, Cu, Ag, Au, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta, Rh, Pd, Os, I, Pt, Mn,
B, P, and Re. | |
The present catalyst preferably contains from 2 to 35% by weight, especially from
5 to 25% by weight, of cobalt, but catalysts wherein the catalytic mefal is selected

from iron, cobalt, nickel and/or ruthenium are all contemplated. Normally, the
4
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20 bentonite, titania, ceria, zinc oxide, silica-alumina, and molecular sieves. The support

may itself have some catalytic activity. By aluminum fluoride is meant at least one of

aluminum fluoride (e.g., alpha AlF, beta AlFs, delta AlF;, eta AlF;, gamma AlF;,

kappa AlF3 and/or theta AlF3;). Of note are aluminum fluorides, which are primarily

alpha AlF; and/or beta AiF;,.

25 By fluorided alumina is meant a composition comprising aluminum, oxygen 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. Of note are fluorided aluminas containing from

0.001% to about 10% by weight fluorine. The remainder of the fluorided alumina

component will include aluminum and oxygen. The composition may also confain a

30 minor amount (compared to aluminum) of silicon, titanium, phosphorus, ‘zirconium

and/or 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, 4,902,838 and 5,243,106 disclose the prejnaration of fluorided alumina
5



about 10% based on the total weight of the catal yst. Another aspect of the
i nvention provides a Fischer-Tropsch catal yst conprising (@mNoveRiabbos (D)
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consistin rheni um rut henl um plati num and conbi nati ons t hereof,

DETAI LED DESCRI PTION It has been discovered that the addition of silver to
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According to a preferred enbodiment of the invention, silver is added in
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Alternatively, the cobalt catal yst may be used w t hout suppo In this
case, the angtal ysTtJ SreRaténd @,ﬁéﬁ)a@%dilscﬂnsthéhé qrepapdtiopobfila nodtiplease catalyst

Cat al yt [ t al b t
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V, Nb, Ta, Rh P, and Re. The present catal yst preferably
contains f rdisedges dheﬁﬁ’@ﬂﬁyatMI gﬁtmulagtmel adtfilystfcmmposﬁime %ﬁprbmg/\ﬂn@ﬁhp of

cobal t, but t.al wher the cat t|c met is . selected fromiron,
cobal t| i CREPTReRosCTEN Gpeted R b H?%Wﬁ@t%ﬂd%mﬁddll%g alupenym
- 1856- 02402 #oNguenber 2004 catal ytic nmetal is reduced to provide el emental

netal (e.g., elenental iron, cobalt, nickel and/or rutheniun) before use.
The cat al yst nust dhasesioff abimgeralfinbridekioh ete bitg thetacandrimppd caf bd repared al

conponept (s). The of catal yti I sent t cat al yst may
vary w?gel y. Typr c‘%?‘fra’eh eUg Ep §%8g§b d gx%s @Feﬂfnsa“ggtﬂsgla“@o[j% ateny

wei ght (as the @e@@@gsof t ot al supported i ron, cobalt, nickel, platinum
rhodi um rhenium and/or ruthenium per total weight of catal yt ic nmetal and

support, pheémarationy from about 1 to 30% by weight. Each of t he netal s can
o used i dual i or L SHDAIEL] Oneepecl gl Ly Coptl b and s enum
(e.g., about 2WebwiM&] $tthe Ot These include impregnating the catalytically active
20 compounds or precursors onto a support, extruding one or more catalytically active
compounds or precursors together with support material to prepare catalyst
extrudates and/or precipitating the catalytically active compounds or precursors onto
a support. The most preferred method of preparation may vary, depending for
example on the desired ‘catalyst particle size. Those skilled in the art are able to
25 select the most suitable method for a given set of requirements.

One method of preparing a supported metal catalyst (e.g., a supported cobalt
catalyst) is by incipient wetness impregnation of the support with an aqueous
solution of a soluble metal salt such as nitrate, acetate, acetylacetonate or the like.
Another method involves preparing the catalyst from a molten metal salt. For

30 example, the support can be impregnated with a molten metal nitrate (e.g.,

Co(NO3)2-6H,0). Alternatively, the support can be impregnated with a solution of

zero-valent cobalt such as Co(CO)s, Cos(CO)i, or the like, in a suitable organic

6



10 conhination of cobalt and rutheniumwhere the rutheniumcontent is from
about 0.001 to about 1 weight % In addition, the present ggatahdes bod@Y

i ncl ude one g3p-gy@ne addi tional pronoters or nodifiers known to those
skilled in the art. Wien the catalytic nmetal is cobalt, and/or ruthenium
sui tabl e pronoters include at |east one netal- selected fromthe group 15

consi sting pl ablveunfegfdolubi®)i The infpregratekuppat isaiHbidtang pethuce] KR h9drogds.
present, is typically between 0.001 and 1 parts by weight per 100 parts of
carrier. Cat allhsthydussn redyghon siep maayengtdiesnachssaryaif dhe aatelysl is preparedswithi t h

t he present i I i ud r of limted to alum na,, zirconia,
sili (F:) a, al um nnz\éﬁdlq}/lfl%@tr F%{lt' f ﬁ%oa?ﬂbl%lgﬂ 51%3 ﬁ‘%eél,t’ Ol%gﬁ%%id?é‘,lppﬁtt ’énfha?d?
ceria, zinc oxixitHzedSiith ﬁaoabxygh@ald@adcmiﬁpw@@geﬁi eves. The support may

itself have sone catalytic activity. By alumnumfluoride is neant at | east
one of Sal um nurhYPiaaBy. aldeasepyt of Hiepnetalararaponisai(s) of| the catdlysts of Ahd-presat a

Al F3, ga : Al.E3 and/.or .theta 3)., O te.are, al um nym
fluori dersn,n% i |H(E:1§rl élféé%g&?%rtrérrli ¥a psr%%e’,&l'%mg*?ﬁ}%i;ta@et’gﬁ?&?fﬁ?’ 1t2155nc§§7’aﬂy

fluorided aldvaitii@oliStorRAte theCRARREPidraN uSOBPA ety BEh A dth &M NN tRX Y@6&hcand
fluorine. The fluoride content of the fluorided alumna can vary over a

wi de r ange,offhydragem poen clovaied emnsrarsut Ty issbpisglinecapmplisistd o treatingethe
fluorided alym.pas, containing from 0.0P1%to about .109% ight £l uorine.
The r emal nadiush * i EbEb e dder i g ghb aBRBm bRt Tl oot #im an
oxygen10 Thebe@ o & dHoah! AR hSOpre@itedd MbBuBDiodHoRE 7Bl MPurk GOARBEL Al O

alum num of silicon, titanium phosphorus, zirconium and/or”nagnesium
The suppor tbemaedin the radgetinn tegatrgertt|ag wiellde @ mikoire nfhydioghhomdan indrtigasnuch

fluoride be prepared by a varjety of nethods. For exapple, U at ent
oo 578 88 gRfodfnd B SmOlniCo Ay Sich Ry, Fee ok g T o kg dodte b3
fluorided aluméra 5 1856-02402 8 Novenber 2004 by the reaction of alum na,

wi th a vaporizable fluorine-containing fluorinating conmpound. Suitable
fl uori nati Age¢Gapounds include HF, CO 3F, CO 2F2, CHCl F2, CH3CHF2,

Cd 2F F2 and CHF3. L) S. Patent 5 3,.106_discl oses the preparation of a
i an pOPi ty  ALES. 11 ORE e ee e B PTPE S Tt G e
supported on al @mfﬁ%mr&g&pgdlﬂ&- 8hd QBrbbohUAbhciggk. 2l IPITCOAmiRufes VeithBk YasOf
ways. For exanple, U S. Patent 4,766,260 discloses the preparation of

netal s such as fesgptark fon cantdrsion i tdebydipeabons serppbing tasthagprongss eofh étis on
techni ques to sypp 9 discl gses the

preparation of & r?a{i'%"f %%':%ee&g%ig%ﬁ ?g{“%‘f’é‘gﬁ%@fg%? 3‘?5155%9 ; mathage Pxmess ofet al
1 el vt e W i o e o
20 gaéiﬁcation of coal. The hydrogen is preferably p.rovided by free hydrogen,
although some Fischer-Tropsch catalysts have sufficient water gas shift activity to
convert some water to hydrogen for use in the Fischer-Tropsch process. It is
preferred that the mole ratio of hydrogen to carbon monoxide in the feed is
greater than 1:1. A preferred feed gas stream contains hydrogen and carbon
25 monoxide in a molar ratio of about 2:1. A preferred range of hydrogen to carbon
monoxide mole ratios is from 1.0 to 2.5. The feed gas may also contain carbon
dioxide. The feed gas stream should contain a low concentration of cornpounds
or elements that have a deleterious effect on the catalyst. Hence, the feed gas may
need to be treated to ensure low concentrations of sulfur or nitrogen compounds
30 such as hydrogen sulfide, ammonia and carbonyl sulfides. |
Reaction Zone

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

arrangements of conventional design may be employed as the reaction zone. For
7



di scl oses the preparation of nultiphase catal yst conpositions conprising
metallic rutheni um honogeneously dispersed with various ngiglenfebsigsdes

i ncl udi ng gkygiypagn fluoride. Phases of al umi numfluoride such eta, beta,
theta and kappa can be prepared 15 as described in U S. Patent 5, 393, 509,
U S. Patent 5,417,954 and U.S. Patent 5,460,795. Preparation The catal ysts

of the preseRkahpéekédBedlBYurBepisePaied bA¥LIERLIRSES oK eBWMRady bddRa6osKi | | ed
in the art. These 1 nclude inpregnating the catalytically active 20

conpounds or Aprewingnrtbe siat of shes casglystiparteotesr may Neryodependingron dhe agagloytin cal | y

active conpoynds,or precursars together with support material to prepare
cat al yst exyﬂﬁ‘gﬁtﬁl&a‘gﬁﬁﬁ%}‘se& ecipitating the catalytically active

conpounds or precur$ehioid &F the iR hayﬁ@%eﬂ&%{ed%%ffﬁﬁ& ®da BRL 34 9d
preparation may vary, depending for exanple on the desired catal yst

particl® size. ®hase sbkiyl ined lignidthe laquid hydroadben pwduls Thelaetivatioheofitbst

suitable nmethod for a given set of requirenents. One nmethod of preparing a
supported net al Céta{yangb%‘i .n,ne‘g“é{li'ﬁg%rfl?%aB’&%_&qnﬁea{f@f‘al yst) is by

i nci pi ent wet neggei AR heGMALARR vRlocith SrSHAP Hel reXitioll Ahe 3MEAHSe FoR] Midupn Of
a soluble netal salt such as nitrate, acetate, acetylacetonate or the |iKke.

Anot her metiDoe/hirfiviol abest FO0OPH V) préfambbaframysbouf BGIN/Ared bBsut MS0ak/gAl t .
For 30 exanple, the support can be irgzregnat ed with a nolten netal nitrate
(e.g., Co(Nib8)rRadiaR(joneempenature \ieliy, the mengsufspmr abowtd 60%C itomabegna0@FCH t h- a

| uti - | t bal t h CO 8, . Co4(CO .12, the. like,
oo 0, EretEb e BhcrBe 2o 05 P RBTEE o TSP ST GoRiiOR 1A ere)
The inpreg ?@ﬁ&@atﬁfé@&ﬁfnﬁ abSutdrgoed tgnfofiteshired Md Rabyg ﬂgﬁrbressﬂ;,eish}icméagen

reduction step may not be necessary if the catalyst Is prepared with zero
val ent cobadnge of abaut 80 ipsig (EFbloli)rte about tiAG0 psig (EPdiPay psefprablyt fiom ¥ psigl,

(east " part (57 @b bl SEERGEIGAY R Bt et oot BTl
i nvention & ik 89CHMig (7858 kpgruced state, i.e., netallic state. Therefore,

it is normally advantageous to activate the catalyst prior to use by a
reductlon treat menflhei protése produascwill diavéyalrgreptnraage aof elodecalardweights.

t enper at ur e. IS 1S pically acconplish by treafi the catalyst with
hydr ogen at a:EhP'B‘r‘flebF a{h%r Ct?"r‘i1 %H@BPra%@eo?te%ﬁo\é{oélB%tu%y&i}gcﬂr Olﬁbﬁ'ﬁ %%bét f or
10 about 0.5 yRaaRedhd tonthRIENS tR! iRt bESFbE: B nﬁﬁ%tanilytsi@, AR50 {186 M

Pure hydrogen may be used in the reduction treatnment as well as a mxture

of hydrogen aratbans parenclecyles Frefehablig theprodungbydrodineormrmeprimarfilylpachfimen may
range from about 1%t o .gbout 1(I1%boy . N . )

€ wide range o1 hydrocarbon species produced in the reaction zone will

20 typically afford liquid phase products at the reaction zone operating conditions.

Therefore the effluent stream of the reaction zome will often be a mixed phase

stream, The effluent stream of the reaction zone may be cooled to effect the

condensation of additional amounts of hydrocarbons and passed into a vapor-liquid

separation zone. The vapor phase material may be passed into a second stage of

25 cooling for recovery of additional hydrocarbons. The liquid phase material from the

initial vapor-liquid separation zone together with any liquid from a subsequent

separation zone may be fed into a fractionation column. Typically, a stripping

column is employed first to remove light hydrocarbons such as propane and butane.

The remaining hydrocarbons may be passed into a fractionation column wherein

30 they are separated by boiling point range into products such as naphtha, kerosene and

fuel oils. Hydrocarbons recovered from the reaction zone and having a boiling point

above that of the desired products may be passed into conventional processing

equipment such as a hydrocracking zone in order to reduce their molecular weight.
8



vol une. Feed Gas 15 The feed gases charged to the invention process nust
conpri se hydrogen or a hydrogen source and carbon nonoxi dgnNoldeidepdogxt ur es
‘sui tabl e aggss-opemdst ock for conversion to hydrocarbons according to the
process of this invention can be obtained fromlight hydrocarbons such as
met hane by neans of steamreformng or partial oxidation or can

al ternativel y The gas phagedcdyerddfoROthg asadidrcainecsfilodnt Gaidm aflee hghdeaben i S
preferably provided by free hydrogen, . although sone_ Fischer-Tropsch

catal ysts havé&csysnimaepe papiely reeysledrf it consains psyificient guaniity of dydwsamt er
to hydrogen f ' -k scher-Tropsch process. It is preferred that
the nol e ratigﬁ%?gﬁ§%ggégﬁ)l%écarbon nonoxide in the feed is greater than
1:1. A preferred fagithadusher adaboeivhaitng tlidvap eiat and skilleddn BS arO&XI de
in a nolar ratio of about 2:1. A preferred range of hydrogen to carbon
nonoxi de nol e Upiagth dessriptiosnhercin, udlize the present iazentigado nﬁwglla\?% Gxi€aht Ahe
carbon di oxi : I | . C ration of
conpounds. _or "touio 2EFle ReIh SRR 1R SRR af BRI HERGLRS
Hence, the feesngaminptie rdrfiaddrof e disctrufintay aagwhatsbewrconcentrations of
sul fur or nitrogen conpounds 30 such _as hydrogen sul fide, amonia and
carbonyl sul fides. Reaction Zone Théﬁiébﬁﬂéﬁk is contacted with the

catalyst in a reacti z . i cal rra of .conventd onal
design may be enployggeagﬂﬁﬁgkfggéﬁﬁgﬁ %%ﬁ%@-@@§%59&%3§%9oﬁﬁﬂ% ‘)Ih? :
2004 ex@npl e, ficu@thub@slandatdhl t¥stdBPSEalystd Wl dcyordbiiRvatC@b Prede@inRitiba.i at i ng

bed reactors. Accordingly, the size of the catalyst particles may vary
dependi ng &nemeliose@reor; HeflBey are to be used. The process of the

T

2RI FOT [Cronting

i nvention may be -7 [ d.inl.uid ed or.a.,fixed bed. 5 or in slurry
e i e g T adne EouRed ot it el B8 RRH s E enuBul
catal yst may be rqefol,orliellhada E1@f SARBN@Eold tFhb, MRALIE PlessiedfOlatord AAd Base
hourly space velocity through the reaction zone nay range from about 100

v/ hr/v to about gsodgompingraphs (onepediaphagd twvaedtdiseélt 300 v/ hr/v to about 1500
v/ hr/v The reactio tenperature is..dn.the ran fr about 160C to
Sbout B0 ¢ 10 pr et dPESRon FESHEE AR anPiseh peitfe bARR TG} PESHE 0VEE
promoting condi Rp@Isadéxidé eRRNALLERSyd pRIFe@ROAtrag Bfeniofe aRPiibn ¢806nyldhe
reaction zone pressure is in the range of about 80 psig (653 kPa) to about

1000 psi g (6994present, Thedndivislyplgases emmgdurss iof the( 186 wWrg)mized #bsdP06do psig
(4237 kPa), rmor %es%lefiﬁécfi Qvll% gl];srs _néa sb %gfore:]' {cll%eﬂgé Qhe( g‘l.%% Y lfn@%?fold feeding the
reactor.
20 The reactor was made of 3/8 in. {0.95 cm) O.D. by 1/4 in. {0.63 cm) LD.
stainless steel fubing. The length of the reactor tubing was 14 in. (35.6 cm). The
actual length of the catalyst bed was 10 in. (25.4 cm) with 2 in. (5.1 cm) of 25/30
mesh (0.71/0.59 mm) glass beads and glass wool at the inlet and ouilet of the

reactor.

25 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 fraps 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

30 the other set in parallel, if needed. The wax traps collected a heavy hfdrocarbon

| - product distribution (usually between Cq and above) while the cold traps collected
a lighter hydrocarbon product distribution (usually between C; and Cyg). Water, a

major product of the Fischer-Tropsch process was collected in both the traps.
9



to about 400 psig (2858 kPa). 15 The process products will have a great
range of nol ecular weights. Typically, the carbon nunber 8 angentef2goae -
product hyqggesgsfens will start at nethane and continue to the limts
observabl e by nodem anal ysis, about 50 to 100 carbons per nol ecul e.
Preferably, the product hydrocarbons are primarily paraffins. The w de
range of hydrocarbon species produced in the reaction zone wll 20
typically afford liquid phase products at the reaction zone operating
condi t i ons GenamabAndlptical Prosedre| uent stream of the reaction zone will often
be a m xed phase stream The effluent stream of.the reacti on zone may be
Cool ed o ef foct the IEBMRHERE SH-CTH BRUIET BAE MeABIFSVEr MRPELUTNons
and passed i nt 0a&oM@ARAN orl-lif/ HIP REBRAF Bt ANaBOGE . THRNRPP Gah RanEz8Ra¢ | al
may be passed into a second stage of 25 cooling for recovery of "additional
hydr oca¥ bons. Theuvippegui withhdwe rtherenal akorfduoityityhedetéaidnsi and v apasuted quhel

one. my be-f edYREBTHRE ShG O fn (e e, Cryp e ahper SR By ol urm
i s enployed fir laterth theRYShdeh@lred¥stpRSRRONS such as propane and but ane.
The remai ni ng hydrocarbons may be passed into a fractionation colum

wherein 30 they are $bparaiuetd fioym leadh diihe pot and celd greps miere ppamtedt istcsarch as
napht ha, .kerosene and fuel oils dﬁ{l)car bans recfgc\égre fromthe reaction
zone and havi ng® &85t % @“Bﬁaﬂ%@a%%_ re! FhABAYF PRFES TR heket B A SR be

passedid Nt 0 coNYAIRE hORRIM RERFRSBINTA BERMBIMhisSHHA Bddacthyal BREAGK g zone
in order .to reduce their nolecular weight. 8 1856-02402 8 Novenber 2004 The

gas phase recoveabon fdisstfidenbeforagnabysisz ofde efrginie phast fremnthaf ¢odd tapdwesar bon
recovery may be partially recycled if it contains suffi.cie quantity of
hydr ogen  and/ oPSELY BB BRPdEm PR R P Przed SgpinebnThe pjeets ©
bel i eved that o0pRasskidrhHe ithotths alds &ﬁ%me@ah@'aﬁﬁ?iéaeﬂogeﬁ%bﬁtélf?inoﬂﬂ@{ ein,

utilize the present invention to its fullest extent. The | I owm ng
speci fic enbodi aeygesatas.e t o be construed as illustrative, and not as

constrgi ning the renninder,.of the disclosure in an what spever .
EXAI\/PLJE_ Tge fol | owr G "W@§W¥Wiﬁ€§8@ﬁ‘fﬁh\£ﬁéﬁd%‘@m s for both
10 continuous apgedalsGhbrd ﬁ@ﬁ%%ﬁﬁ&%gﬁ&bfg@&%&q Bis Phdsbs LdiRcRRAESENt

invention. GCeneral Procedure for Continuous Tests The continuous testing
unit conprised fospthgasxfeddoldympem a tubular reactor, which had a set of

wax and co dt raps,.. back pressure reqgulators, and three gas chronatographs
(one on-Iih@—%&E@%ggﬁ—&'—ﬁa SepHrge) | |
Catalyst (3 g} to be tested was mixed with 4 grams of 25/30 mesh
20 (0.71/0.59 mm) and 4 grams of 2 mm glass beads. The 14 in. (35.6 cm) tubular
reactor was first loaded with 25/30 mesh (0.71/0.59 mm) glass beads so as to

occupy 2 in. (5.1 cm) length of the reactor. The catalyst/glass bead mixture was

then loaded and occupied 10 in. (25.4 cm) of the reactor length. The remaining

- 2in. (5.1 cm) of reactor length was once again filled with 25/30 mesh

25 - {0.71/0.59 mm) glass beads. Both ends of the reactor were plugged with glass
wool.

Catalyst activation was subsequently carried out using the following

procedure. The reactor was heated to 120°C under nitrogen flow (100 c¢/min and

40 psig (377 kPa)) at a rate of 1.5°C/min. The reactor was maintained at 120°C

30 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 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
' ' 10



15 The -carbon nonoxi de was purified before being fed to the reactor over a
22% | ead oxide on alum na catalyst placed in a trap to rendWeveawher Po0dn
carbonyls j¥sgseRhe The individual gases or mxtures of the gases were
mxed in a 300 nL vessel filled with glass beads before entering the
supply manifold feeding the reactor. 20 The reactor was made of 3/8 in.
(0.95 cm O D. hynditiénd for stfledndhduid for-datalyss telubli @S S A$ 1Reénd §DINRFedudi®n

| ength of the reactor tubing was 14 in. (35.6 cm. The actual |ength of
the catal yst bedeigd, the flpw wisamyvitghedrpackte mitpogen and thelreasiyr esolezisioIvactionsh
(0.71/0.59 mm glass_beads and.,.glass wool at the inlet and outlet of the

TRt b 2o

reactor. 25 The W4 “were made of 75 mL pressure cylinders.
The wax traps were SgHe rédctok4ids prdtishi®zcdne tifeedirdd RSt ONEPrBssBRY ardit coBfed tdhe
reactor had two wax traps in parallel followed by two cold traps in

paral | eb. At anythgfiesird reagion igmperaturs. Syagast wish pdalc HolCQ tatimenbsttherofegitoone

wax and one cold,trap in,series. Fallow ng a erial bal.ance period, the
hot and cold trglﬁ 5 égﬁwmlgaémcé’ﬂ@&o{’%w?%r?ar?gg‘gjt her set in parallel, if
needed. The wax trapsrhedirkiafitaal dahasd YeridiatarR about Th@dittts setihd ki on
(usual Iy between C6 and above) while the cold traps collected a lighter

hydr ocar bon pr oddidhe séastion. bt materiali balandeypérmdwiesind @3 betse@R 0% . to \R4k fenyys. a
maj or product of.the Fischer:Tropsch process was.callected.in both. the
T aps. 708" NoveriE s alisl PBRGoPeBie AR ey Ereh PRt sthups i ent
uncondepsed gase@uendRhRAUSLsS flbw Ofitds Nghd’ BARHENiRonse Wi AR ladd CdrdpobiliGns df
common on-line HP Refinery Gas Anal yzer. e Refinery Gas Anal'yzer was
equi pped wit h t\equedveramd| organie phasey icoleatiest e ther waxaaud weldsuamsd ahd eeaction
concentrations of H2, . N2, CO2. CH4, C2 to al kenes/ al kanes/i sqners
and water in tﬁgnﬁﬁewglﬁ%&qum&mﬁP&ﬁ%?‘s%ﬁ'ﬁ@‘ﬁ?%‘&ﬁ&?ﬁ“ﬁ%%_ A of
the hot and col duhikdaso\W8r £rosf BaHaM A8l irldiNifuA RarbBRUSAEARRI 88y JRh Gtéifal
phase. The organi c phas€ fromthe hot trap was usually 10 solid at room
tenperature. A pelantesn Bfom ithis isformartiqy, dducConvarsiadi €6 Sedettivity/@dplro plot

di sul fide before_ anal ysis., The organic._phase fraomthe cold tra

usual | ;gl i qui d asf’@d’gh {h@n%%‘reéﬁoﬂr g&ﬁ’bﬁ F%é'g “iﬁ‘iﬂﬁ‘w&y}% aﬁb&iitﬁe ‘.‘Ogvafﬁethe
aqueous phase f@chBEn tPEIC . ' n S
and ot her oxygenates. ﬁﬁm&g% Y@ﬁ%&g@gﬁ?ﬁﬁgﬁﬁf ?ﬁé{h%ﬁg%%?%%edﬂg\nhﬁh
fl ame ioni zat i ofydwetrbon produete (%) asbathéralesirdioreasion qups wieret dadcudateshni ¢ and

aqueous phases col | e%%dresults obtained from the continuous-flow Fischer-Tropsch catalyst

testing unit are shown in Table 1. This table lists the catalyst composition, CO
20 Conversion (%), Alpha value from the Anderson-Shultz-Flory plot of the
hydrocarbon product distribution, weight percent methane in the total
hydrocarbon product (%),Cs+ productivity (g Csi/hourkg catalyst), Cs
olefin:paraffin ratio and CC;s olefin:paraffin fatio. The temperature was 220°C,
the pressure was 350 psig (2514 kPa) and the space velocity was 2 NL/hour/g.
25 cat. for all the examples in Table 1.
Continuous Test Catalyst Preparation
COMPARATIVE EXAMPLE A
Al,O3 (120 g) was treated in a rotary evaporator at 70°C with an aqueous
solution containing Co(NO3),.6H0 (59.2 g). The material was calcined at 250°C

30 under 1500 mL/min of air to obtain a catalyst with a nominal composition of
10%Co/AlO5. Measurements of this catalyst were made after 51 and 140 hours

of running,
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fromthe wax and cold traps. Catal yst Testing Procedure Catalyst (3 g) to
be tested was m xed with 4 grains of 25/30 nesh 20 (0.71/8Nb@nte)2e@ad 4
grans of 2 gug@baps beads. The 14 in. (35.6 cm tubular reactor was first
| oaded with 25/30 nmesh (0.71/0.59 mm) gl ass beads so as to occupy 2 in.
(5.1 cm ,length of the reactor. The catal yst/glass bead m xture was then
| oaded and occupied 10 in. (25.4 cm of the reactor |length. The renaining
2in. (5.1 cm of reactor length was o gain filled with 25/ 30 nesh 25
(0.71/0.59 mm gl ass beads. B&MBARZAIE AVMPAEBr were plugged with

gl ass wool. Catal yst i i subsequent | arried out using.the
fol |l ow ng procedure.lo%‘?gl‘ggéégg?‘%vésmﬁ%gggg &Te%fg@ttﬁ%g]r Rﬁptef" &'t fow
(100 cc/min and rotdf QEparatos withkeRakdtodd sutiot f Faf(acetysdettnate), [(084503CMBE Was
mai nt ai ned at 120C 30 under these conditions for two hours for drying of
the catal yst. Asluyevasmyapdraicdéo dogmpssrig obtain o gatalysewith gwomasal Spimpesididnf r om
nitrogen to hydr eaGtor was heated under hydrogen flow (100
cc/mn and 40 pS?g&?"g?E/aqﬁPg@é >arate of 1.4C/min. to 350C. The reactor
was mai nt-ai ned at 350C under these EsQABPNevienber 2004 1856- 02402

conditions for sixteen hours for catalyst reduction. At the end of the
reduction period, tHA8%Uodd%By/Auit €He @) baeskslugiad ity egeaqueaons sdlutioreaft or

l ed t ti t t L1y 220C).. Th i zed
cool o0 L0 1 act Gl RS AT HokRlt GA0Fhor IRPRUBRELRY Rl 7
tempergyure. SyRSasial Wab Baldinéd 4t 299*CehdA11500 WAFmiNSMif Bbbidin b RGalyBERItR!

when reaction conditions were reached. The first material bal ance period
started at about nopunal kompsesitdit i 1006Eo/811%Ru/1%A el AbOseaction. A materi al

bal ance period | asted for between 12%i£¥éiéﬂgurs. During the materi al
bal ance period, data was collected yngas and exit 10 uncondensed

gas flow rates and coom@e/d.1RRS/ANG] YP0 ) anst SIAARASIH hANRLSus HEQHDrand
organi ¢ phases collected in the wax and cold traps, and reaction

condi tions such AeNQx @k gt air7@°@nu apotsy avapordfdreanidrgvaponateddn deplesecilbd was

t hen alyzed to,get a taqt.al | as .i_pdi vi dual . carbon,. hydrogen. and
oxygenf terial m%‘%raiﬂ@agﬁ‘” %%\sztsﬁfeé uf‘&?&?ﬂ@ﬁ fn?%l%?r@@”y‘\é?\ a@’g ‘fmﬁ

Sel ectivity/ Al phaiopliRdl cbmpbliRsE et Ptmsthm. AIRENTUPA SANO,Z MdaQir¥kmehs toF iyt i on)
for all (ClL to Cop) of the hydrocarbon products, C5+ productivity (g/hr/kg

cat), wei ght percatelyst g nade afigrttoomedr dwuprafdunnisg. (% and ot her desired
reactor outputs were cal cul at ed. EXAMPLE 3

10%Co/0.1%RWALO; (20 g) was slurried in an aqueous solution of

20 AgNO; (3.15 g) at 70°C in a rotary evaporator and evaporated to dryness. The
material was calcined at 250°C under 1500 mL/min of air to obtain a catalyst with
a nominal composition of 10%C0/0.1%Ru/10%Ag/Al,O;. Measurements of this

catalyst were made after 39 and 138 hours of running.

Table 1
Ex. ' Cat. | %CO | %Mass Cs | Cis
No. Catalyst Age (h)| Conv. | Balance | Cs+ { (o/p) | (o/p)
A 51 35.1 102 103 10.989 (0.0475
10%COIA1203
140 31.6 - 95 - -
B 10%Co0/0.1%Ruw/AlO; 39 43.6 98 121 {0.857 [0.0302

1 10%Co/0.1%Ru/1%Ag/ Al,O; 43 42.5 108 124 10.624 | 6.178
2 | 10%Co/0.1%Ruw/2.5%Ag/A1,O; | 46 60.4 101 128 10.608 | 0.087

3 | 39 | 481 | 101 | 137 |0.623[0.019
10%Co/0.1%Ru/10%Ag/Al,0;
138 | 67 - 164 | - -
12



The results obtained fromthe continuous-flow Fi scher-Tropsch catal yst
testing unit are shown in Table 1. This table |ists the casbbystber 2004
conposi tiong Conversion (%, Al pha value fromthe

Ander son- Shuftz ory plot of the hydrocarbon product distribution, weight
percent nethane in the total hydrocarbon product (%, C5+ productivity (g
C5+/ hour/ kg catalyst), C5 olefin:paraffin ratio and CCl5 olefin:paraffin
rati o. The terrperature was 220C, the pressure was 3 50 psig (2514 kPa) and
the space VN gure PoNBdtein hests 25 cat for all the exanples in Table

1. Cont Test _Cat al yst £i | V] MPLE A A1203 (120
aas Troaredin Ssr&c%? W bR ShmBles S tten Wi Bhoatis b i pieoty the &
cont ai ni ng CoENGRILTRPRD reR¥ioR. The cdtis mh@!é@hsitﬁmedqﬁlacgnm Otz 2285h1e 30

under 1500 ni/mn of air to obtain a Catalyst with a nom nal conposition of
10%Co/ Ab203. Meas Wit tmdopurkéd vithabad ¥seém WBIE xMege abygrnirdgandt tdémhour s
of running. 11 8 Novenber 2004 1856-02402 COMPARATI VE EXAI\/PLE B 10‘V£0/AI 203
(86.9 g) mat eitsrapersipes for baminpten Thsoamplenpasrthenhentednger 1o %ﬂcgn EvapaPat or

th an acetone f t rr
WIWas evapor at e(ﬁn Siq}yﬂ}'orgggsa?tl rg%é'l%n%a?@(g)tkgflgé ?‘ 2:% %th@ﬁ% %} Tt gg‘rl‘?;po?h?i o%
of 10%Co/ 0. W&ldal‘}{st%%re &MMB&Ed &t Mtl‘%ﬁﬁﬁx@e fo me&a&m AU09rCBstost Bodised in

an aqueous sol ution of NC3 at 70Cin a rotary evaporator and_
evapor at ed touadgrrﬂé)@scccmr{g?m ébh rogeps Tlag sdmples werex®oduindwdropsoo
m./mn, of air t obt a.catalyst wth a nom nal conposition of
O‘VcCo/b&l%?u/ i‘5‘2§\8 E’b m‘E}%&R&% TOUFouco/ 0. 19Ru/ Al 208 (20 g) was slurried
in an aqueous sol Uty DehIPpressHeNEBsel Kad Heded ﬁteltm@ooqca)rmsﬁwn@fqpmg&g and
evaporated to dryness. e 15 material was cal cined at 250C under 1500
mL/ m n of air (§394dgtadioh Hp €&t @rvwdm@mtmﬂthItemmbw g prassure for 1
109%Co/ 0. 1%Ru/ 2. 5%Ag/ A1203. Measurenents of this catalyst were nade after
46 and 70 houhguiowhen,hsatesgat et torsd howparhon beptad Af 208°C. 2lp 4 fypiged run
slurried in a (371 7 ofary
evapor at or ang L@%or g?égk %Frhﬁ%ss%%l@g% H 3 B Hoctne Wi bdlacd o Eh@

15 vessel. After one hour, the reactor vessel was cooled in ice, vented, and an internal

standard of di-n-butylether was added. The reaction product was analyzed on an
HP6890 gas chromatograph. Hydrocarbons in the range of C;|-Cyy were analyzed
relative to the internal standard. The lower hydrocarbons were not analyzed, since
they are masked by the solvent and are also vented as the pressure is reduced.

20 A Cyy: productivity (g Civ/hour/kg catalyst) was calculated based on the
integrated production of the C;;-Cyo hydrocarbons per kg of catalyst per hour. The
logarithm of the weight fraction for each carbon number In(Wy/n) was plotted as the

ordinate vs. number of carbon atoms in (Wp/n) as the abscissa. From the slope, a
value of alpha was obtained. Some runs displayed a double alpha as shown in the
25 tables. The results of runs over a variety of catalysts at 225°C are shown in Table 2.

Batch Test Catalyst Preparation
COMPARATIVE EXAMPLE C

Gamma-alumina (8 g) was treated in a rotary evaporator at 70°C with an aqueous
solution containing AgNOs; (1.24 g). The material was calcined at 250°C in 1.5 L/min of
30 air to obtain a catalyst with a nominal composition of 10% Ag/Al,Os.
EXAMPLE 4 |
A sample of eta-Al;O; was crushed and sieved to 14/25 mesh (1.4/0.71 mm).
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material was cal ci ned at 250C under 1500 nL/min of air to obtain a catal yst
with a nomnal conposition of 10% o/ 0. 1%=u/ 10%Ag/ Al 203. Msaeuwnarzepded of
this catahygdomwgpe made after 39 and 138 hours of running. Table 1 Ex.

Cat al yst Cat. %O %vhss C5+C5 Ci s No. AgeConv. Bal anceof (0o/ p)

A10%Co/ Al 2035135. 11021030. 9890. 0475 14031. 6- 95- -

B. 10%€Co/ 0. pifref Mhig OheHhB (O B)L 440 tr85iéd i) 3 Qatatl 60401 #tbr IVI70P & %A an aqueous
A12034342.51081240. 6240. 178

210%Co/ 0. 19qhution somtejning Xek¥EBpoH10 1323 ®).6 0. Osdomdodaning. vias then calcined

1356, 02400 SCANELdf 1 bibhve. Fa S Raichidtadhli ot o ReS T o 8ty o

was treat egdyvapotdlorMATEYR Withr A bqihddus! %Slultlﬂnt(ﬁﬂtanﬁhé Qi'tﬁNOI)“ g0 N3 rseg)t Em&n
The catal yst sanple was placed in a small quartz crucible 5 in a chanber

and purgedPNEL)«E90)s é%mgQ 8 A3 psrting-f th@/(éq Philepedpduwming @@W@%ﬁ@éﬁbtﬂﬁ e for

15 mnutes, .,The sa ted un 100, s¢ rrB/s)
iy ogen. aloY G TRPG e B So8ER 4 dangis L ion cenpaRtE ABNGS (D 2w, 1t Vet

cat al ysts watiged Rersobgatis/ingh ate, & M nute to 400C and hel d at 400C for four
hours under 100 seem (1.7 x 10-6 nB/s) hydrogen. The sanples were cool ed

i n hydrogen 10 and purged with nitrogen before use. A 2 nL pressure vessel
was heated at either 200C or 225C UM psig (6994 kPa) of H2:CO
(2:1) and mmintained at that tenper pressure for | hour when

heatedy@t 225C or f oW @E;-f6ped Troh 65 é)ws&féa% iR @ @6taryl dvaporkitP hCAI° ' With an

roughly 50 ng of the hydrogen catalyst and nmL of "n-octane was added to
the 15 vessehquenfis solutdorecdndaining tGNOs6Hop (%gt €llomeed byowl@unition at 260°C

Yggéfﬁonaggo%ﬂ&{s f n%#fal tzlg’gg‘%%ggﬁre %&@%ﬁ% l %Lmﬁ)am?%ﬁ?%%gg i?—%?f?’@ﬁ%r bons
in the rangee@ipofaldr alCHB-abieh aRahyeBEs solution containing AgNO; (0.62 g), then
calcined at 250°C in 1.5 L/min air. - A portion of this calcined material (2 g) was
15 treated in a rotary evaporator at 70°C with an aqueous solution containing
Co(NO;)*6H,0 (1.4 g). The material was calcined at 250°C in 1.5 L/min of air to
obtain a catalyst with a nominal composition of 25% Co/2% Ag/WO3-ZrO,.
EXAMPLE 6
A commercial sample (5 ) of Chimet 20%Co/Al,O; was treated in a
20 rotary evaporator at 70°C with an aqueous solution containing AgNO; (0.155 g). The
material was calcined at 250°C in 1.5 L/min of air to obtain a catalyst with a nominal
composition of 20%Co/2% Ag/AlO;.
EXAMPLE 7
MCM-41 (10.5 g), prepared according to J.S. Beck et al., JACS vol. 114,
25 1992, pp. 10834-10843, was treated in a rotary evaporator at 70°C with an aqueous
solution containing Co(NO3)*6H,O (8.4 g) followed by calcination at 250°C in 1.5
L/min air. A portion of this material (3.7 g) was treated in a rotary evaporator at 70°C
with an aqueous solution containing Co(NO3)*6H,0 (2.6 g) and AgNO; (0.115 g).
The doped MCM-41 was calcined at 250°C in 1.5 L/min of air to obtain a catalyst
30 with a nominal composition of 25% Co/2% Ag/ MCM-41.
EXAMPLE 8
H-beta zeolite (12.5 g} was treated in a rotary evaporator at 70°C with an

aqueous solution confaining Co(NQO;)*6H,0 (10 g) followed by calcination at 250°C
14



relative to the internal standard. The | ower hydrocarbons were not

anal yzed, since they are nmasked by the solvent and are al stloventieedotds t he .
pressure iggégdpppd. 20 A Cll+ productivity (g Cl1+/ hour/kg catal yst) was
cal cul ated based on the integrated production of the Cl1-C40 hydrocarbons
per kg of catalyst per hour. The |logarithmof the weight fraction for each

carbon numbein | B(IMHiM hirWas s@hgle lof dhid Sobdiedopl Hebie§2 L wRUFRRH iffa ©aRPON
atons in (W/n) as the abscissa. Fromthe slope, a value of al pha was

obt ai ned. Soreapotater di B ayidly an aduertys sohitioh goagingtd We(N@: e 6.4 ghland. The
results of ryn V, a.variet cat al ysts at . 225C are,sho in.Tapl.e 2.
Bat ch Tet CARNGLE? atay 3k b akB dRiR B fudiee BRI B iR 88 o)
was treated kdoitainQtcafa¥ysEWRRQ mdkhal IbmpOSHiv, b PP CRALE QI -Fedd. Ut | on _
containing ANGB (1.24 g). The material was calcined at 250C in 1.5 L/mn

of 30 @ir to obtain a catalyst with a nom nal conposition of 10% Ag/ Al 203.
EXAMPLE 4 A sanple of eta-Al 203 ms%@;g#and sieved to..14/25 mesh
(1.4/0.71 mm. 13 8 Novenber 2004 1 2 Part of this material (30 Q)

was treated in apj }S@hﬁn&}/ﬁpgﬁrﬁ@&ea‘%&d #OLrobhrl RvagbrABH SOUPC ith B h@ikous
cont ai ni ng Co(NGB) 6H20 (22.2 g). The Co-doped alum na was then calcined at

250C i n 1. solution eontdining Ca(NOgf 6l (Whg)cioHededrhy ealpiahtiqulE. 26080 imdsS I/méat ed
in a rotary. evapor,at .at .7 wth an a ous solutiion containin

Co( N03) o128 3 SR o] i€ Cobaltigassa AiByS L € BlipS Tt i p i o phpidior at
Co- Pt -gppedodt witha Adtebls $hSidn’ &ﬁ‘ﬁeﬁﬁin% @303[«1%951?%@ \gg.ga@raﬁa R (1706 th

an aqueous solution containing AgNGS ( cal ci ned at 2§ Cin
1. 51/ mi n afdlovEAlyRiakimtion at\eds delsed 2t 020G b Ivmén of gat édsdmpla of dtiar y
evaporator at, 70C wi t n., agueous,sol ution containin (NO3) 6H20 (40 )
ol Toved byatare mmi(Tan Sdhaeted 38 stk GrampRtorRonPEl b sapsous

cal ci ned nadigfidratortARinG)ANRES; [F1EALEATHE d@gécpélaa'iﬂ/na WYLRAGAEPR BoedQfr g L an
aqueous sol ution containing AgNG3 (0.62 g), then calcined at 250Cin 1.5
L/ mi n air. Lémiporitdiote oftainha satelybtcwitkead manieali ecdmpf@itiph ofo25% To/0.6% B/ 2P a
rotary. 5eva%%yfﬂté@r at 70C with an aqueous solution containing Co(NO3)6H20
(1.4 g]) T trial was calcined at 250Cin 1.5 L/min of air to obtain a
catal yst with a nom nal conpositiongRhnNe®%e §0/ 2% Ag/ W3- Zr O2. EXAMPLE 6 A

comercial sanple (5 g) of Chinmet 20%Co/ Al 203 was treated in a 20 rotary
evaporator at 70C w WOzndrredda0mn 650sg)wasiteated ama aotaiyreyaparhios af °C5&itlgin  The

aqueous solution containing Co(NO;),*6H,0 (40 g) followed by calcination at 250°C
in 1-.5 L/min air. A portion of this material (20 g) was treated in a rotary evaporator at
20 70°C with an aqueous solution coﬂtaining Co(NO;3)*6H20 (14 g) and AgNO; (0.62 g)
followed by calcination at 250°C in 1.5 L/min air. A sample of this material (1 g) was
treated in a rotary evaporator at room temperature with an acetone solution of
Ru(acac); and dried to obtain a catalyst with a nominal composition of 25%Co/2%
Ag/0.1% Ru/WQO3-ZrOs.
25 EXAMPLE 11
Sylopol™ Si0; (7 g} was treated in a rotary evaporator at 70°C with an
aqueous solution containing Co(NO;)*6H,0 (7.4 g) and RuCl; (14 mg) followed by
calcination at 250°C in 1.5 L/min air. A sample of this material (1 g) was treated in a
rotary evaporator at 70°C, with an aqueous solution containing AgNO; (31 mg) to
30 obtain a catalyst with a nominal composition of 20% Co/0.1% Ru/2% Ag/Sylopol
Si0,. |
EXAMPLE 12

Anhydrous AlF; (50 g) was treated in a rotary evaporator at 70°C with an
15



material was calcined at 250Cin 1.5 L/mn of air to obtain a catalyst with
a nom nal conposition of 20% o/ 2% Ag/ Al 2C3. EXAMPLE 7 MCMB4bvdriir 500) |
prepared aqees- gy to J.S. Beck et al., JACS vol. 114, 25 1992, pp.

10834- 10843, was treated in a rotary evaporator at 70C with an aqueous

sol ution containing Co(NO3)6H20 (8.4 g) followed by calcination at 250C in

1.5 L/nin abfueohs BOlutib®Rohinidl So(FOHFGHRO (2 4) Miiowad by 8l efcihitichs ot ary
evaporator at 70C w th an aqueous solution containing (NO3) 6H20 (2.6 Q)
and AgNC8 (0234% i 1.5 Hminddped nmopla pfiihs waledtlné@ ot wasoeated in aSrotatyi n - of

air to obtai cat al y. 30. with a nom nal conpositi 9 1 2% Ag/
Vo 3. BxanBL OB 1 tsC, i e p ooyt SRR P ShoRey (7 of and
evapor at or  apyRe) WO, a0 mgﬂﬂmw%d%gIcukhﬁﬂoﬁQmwoiiﬂg.m&hﬁaﬁrﬁtdzpo&iw g)
fol lowed by calcination at 250C 14 8 Novenber 2004 1856-02402 in 1.5 L/mn
air. A Banpl ef 8iis material §bhlg) who peedtedeainl 4 rasany Xvgporates at 78HE adth an aquavuar y

evaporator at_,7/0C with an a 0 | ution, contai ni ng : 0.(1.4 9)
P S R L e SR TS T T R e
L/min of air to §iRaidtcatalysBweBladlopfihial WoiPositinR BT 264 CriDRsitisonagfaigp% Col 2%
Ag/ H Beta. 5 EXAMPLE 9 'A1203 (Chinet, 10 g) was treated in a rotary

evaporator at 70C with an aqueous E&AMPLIAlgontai ni ng Co(N03)-6H20 (10 g)
foll db | ci nat | at [ .5 ' e I f,thi
cobal t - doped. al um nar(8riged MGG A5, e neihard At 6o iBbRL R SHEa g0 70c
Wi th arp aqueewss sidsh (i a0, T0RhG vk R afed (ND 33 p&r&to@‘gt @cﬁ@ﬁh gﬂ%&oﬁil ng)

foll owed by calcination at was cal cined at 250C in 1. mn of air.
sanpl e of t hsdutigataitaisiog G(EHOLREH(Q (20.6 ghand PIEIHOHNe)a(38angy fpllewedby at or

| L ut i t ai,ni . he d .
2l unina wes CPEREEH 038l S gty Apaitat Shit Rarcqat P A FERFY 4R vi ¢ h
a nom nal Com%évgbr%r 807G° 60k #h 4YadRieoddRoldiorAYnAIHAS Co@@%gﬁwéga g?’;m

W3- doped Zr02 ( was treated in a rotary evaporator
aqueous sol uahdbAgdiEht Ri48i pgfollowsid Dy ablitRtioa40 2§P°C dh [Idwkdnipyaic td obtagt 4 on at

250C jn 1.5 L/min.agir. A tion.of thi | .t ted i
ot aryl Svapof T Al Sio skl vmspoiegtaaon CODGE Pt Stk Rl Eleragd BOST 7 °
Co(N03) 2. 6H20 (14 g) and AgNG3 (0. 6@xgmpiehkowed by cal cination at 250C in

1.5 L/mn air. Asanple of this material (1 g) was
Bentonite (18 g, Engelhard, 956A-5-1841-17) was treated in a rotary

evaporator at 70°C with an aqueous solution containing Co(NO;)*6H,0 (14.4 g)
followed by calcination at 250°C in 1.5 L/min air. The material was then treated in a
20 rotary evaporator at 70°C with an aqueous solution containing Co(NO;)*6H,0 (12.6
g) and P{(NH3)s(NO3); (18 mg) followed by calcination at 250°C in 1.5 L/min air. A
portion of this material (10 g) was treated in a rofary evaporator at 70°C with an
aqueous solution containing AgNO; (0.40 g) followed by calcination at 250°C in 1.5
L/min air to obtain a catalyst with a nominal composition of 25% Co0/0.5% Pt/2%
25 Ag/Bentonite.
EXAMPLE 15
Gamma Al;O3 (50 g, 140/230 mesh (0.11/0.062 mm)) was treated in a
rotary evaporator at 70°C with an aqueous solution containing Co(NO3)*6H,0 (40 g)
and AgNO; (7.5 g} followed by calcination at 250°C in 1.5 L/min air. This material
30 was then treated in a rotary evaporator at 70°C with an aqueous solution containing
Co(NO3)*6H,0 (19 g) and Pt(NH3)4(N03)2 (25 mg) followed by calcination at 250°C
in 1.5 L/min air to obtain a catalyst with a nominal composition of 20% Co0/0.02%

Pt/10% Ag/ALO;.
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treated in a rotary evaporator at roomtenperature with an acetone solution
of Ru(acac)3 and dried to obtain a catalyst with a nom nabNeames2doson of .
25%Co/ 2% Agkfodadpr Ru/ WO3-Zr 2. 25 EXAMPLE 11 Syl opol TM Si02 (7 g) was
treated in a rotary evaporator at 70C with an aqueous sol uti on cont ai ni ng
Co(NGB)-6H20 (7.4 g) and RuCl3 (14 nmg) followed by calcination at 250C in
1.5 L/mn air. A sanple of this mategxiariki16) was treated in a rotary
evaporator at 70C, with an aqueous solution containing AgJNG3 (31 ng) to 30
obtain a catal yst w {Inmetdphosahiteaeatess edlisn Rdo Gobeeloras. treayedrin aosotary

evaporator b RO oh BrC AR apBiEe obgh aBndS RREELEER "W | on
cont ai ni ng  CagiNRRdd2R1didior at Ss0elanacs Hinih we. ﬁ&«tmbfm&bm@%‘vda@ 1.5

L/'mn air. A sanple of this material (50'g) wa reated in a rotary
evapor at or athepoeatpd hn d@nrdgyev@potar Lati BTHCe withaim agesots (SNOGpS HROtafEEE )

2T A port) RSONE RO e o A L BUBRENBY s Feiraion ot Z59Cpaod at or
at 70C wi th aAnAOME e SbtaiPh YhitaRRt GRAtAAhiRE ARtk iS58} dopd.boyart/ oy

calcination at 250C in 1.5 L/m'n air to obtain a catalyst with a nom nal
conposi tion &g/283<BHO- 05% Pt/ 5% Ag/ AJF3. EXAMPLE 13 Fl uorided A1203 (45.2

g, Engel hard Al -4352), crushed and Eﬂ@@%ﬁ? 10 14/25 mesh (1.4/0.71 mm)

was treated in a rotary evaporator h an aqueous sol ution

containg ng Co(NO3) 6H%@O£1(?zg-.f%p\)va§ﬂéhn% NHRDA, N ofatbB3 8 TBE ok howgskoby

calcination at 250C in 1. mn air. A portion of this material (10 g) was
treated in aolvbomcyntemingoCeNeD:) 90020 g) Holowed) by calsingtidnuati 2060°Cdntlad ni ng

Co( NO3) 2. 6H2 7 d A 0. 40 f ol.l b | ci i ..250C i
POl B RS 0N ot G Hhtel i A v SRsBh el U0 Y 3805 |
Co 0. 05% Pt 1q8udabfikienidoiashidd SO, P ) BB MINED N5 )

Engel hard, 956A-5-1841-17) was treated in a rotary evaporator a
an aqueous s &llawedrbycalvitinn a2 TSCNO3)S- 6 HEDair1 4, portdn of this oatedalif§ g) was

| ci [ t 250Cin, 1.5 L/m I L o h terial .th t.r eat ' 20
ot ar YL byapolEHES e BHEY SYEIHAT B RS8R AR TR R B EMGEY B 20
(12.6 g) ango.psg %116%@ SalCinatisMit zrs@b(%gﬂ\@g Dhife 8- ¢ ea%in%c@ézyéwmn 1.5

L/'mnair. A por n of this material ( g) was treated in a fotary

evapor at or anomi@l vemposition of 25% Co/0.05% Pt/25% Ag/TiO,.
EXAMPIE 18 _
WO3-doped ZrO; (50 g, Engelhard) was treated in a rotary evaporator at
20 70°C with an aqueous solution containing Co(NOs)*6H,O (40 g) followed by
calcination at 250°C in 1.5 L/min air. Part of this material (25 g) of 92245-135-1 was
treated in a rotary evaporator at 70°C with an aqueous solution containing
Co(NO3)*6HO (17.5 g) and Pt(NH3)«NO3), (25 mg) followed by calcination at
250°C in 1.5 L/min air. Part of this material (4 g) was treated in a rotary evaporator at
25 70°C with an aqueous solution containing AgNOs (0.124 g) followed by calcination at
250°C in 1.5 L/min air to obtain a catalyst with a nominal composition of 25%
Co/0.05% Pt/2% Ag/W0O3-ZrO,.
EXAMPLE 19
Gamma-Al,O3 (20 g) was treated in a rotary evaporator at 70°C with an
30 aqueous solution containing Co(NO3)*6H,0 (16 g) followed by calcination at 250°C
in 1.5 L/min air. This material was then treated in a rotary evaporator at 70°C with an
aqueous solution confaining Co(NO3)*6H,O (14 g) and Pt(NH;3)4(NO;3); (20 mg)

followed by calcination at 250°C in 1.5 L/min air. Part of this material {1 g) was
17



aqueous sol ution containing AgNG3 (0.40 g) followed by calcination at 250C

in 1.5 L/mn air to obtain a catalyst with a nom nal conpéNdvemoiera@bo25%
Co/ 0. 5% Pt/l%%%%gof\g/ Bentonite. EXAWMPLE 15 Gamma A1203 (50 g, 140/ 230 nesh

(0.11/0.062 mm) was treated in a rotary evaporator at 70C with an aqueous
sol ution containing Co(N0O3)6H20 (40 g) and AgNG3 (7.5 g) followed by

cal ci nati on 3teadQfairbt e'ixabérﬁl'ﬁ? aB¥6°C With 8n TR4R05 81udsh (‘!@{faiﬁiﬂg%gw(%i%?d in

a rotary evaporator at 70C wth an aqueous sol ution containing Co('NO3)6H20
(19 g) and PtgHR)lewsbd)y2caldmation) atf ZH0°PGvied . Hy/wil 6ir riatdbtain at caBBRE withal. 5

L/mn air to obtai.n a catal | LhAl osition of 20% Co/0.02%
Pt/ 10% Ag/ A1¥5ina §OBIPRY i 5‘%\"616’20%"%8’@65%5): LE 16
Trimet hyl phosphite-treated zeolite RhoafpiE® was treated in a rotary

evaporator at 70C with an aqueous solution containing Co(NG3)6H20 (4.1 g)
fol |l owed@ by cal ci nat iSotopal™2%502 @26 £) . vEasloakdimedaatr 1°CAninotot 260ACp fvhedei i was

fal (2 h ed in. 1. 70C wi th
Aqueoue. sol uBCEA HeU by b essi h 8t e HER Brrognenomor 0°C
foll owed by GalFidaedis ShufenYomiathide BoNd /HH&gﬂ,@éi 8 Bl I fedahflonsh W th

a nom nal conposition of 25% Co/ 0. 05% te RHO 10
Ti 2 (25.1 g)25086 in t Sdt/man kin. hisohateyalevaphemtreatedain a/dGrwietdposatored 7680 S

sol ution contai,ni ng Co( NO3) H20 (20.1 I d by calcination_at 250C in
o5 L p APt gttt Solipn cattapin ChBAILD S0 ebfnd PR NG Bar |
70C W an L:On thahdp . : .

o N ooy (S EY BRSO 1 STHEHE P AP tibi@D g was
portion of t liegtedan erotaty dvapgrptonas7IE vitlean eghicons solutidnacontainiag Aegdimr(éat 70C

i th | ut | it aji ni AgNCB . 155 g) foll d b .
11, o0 SO0, B9 SROLALR R9RE 4 020 Bl LOOE R, it
conposi t1 on Q80RO A6 PR PGTirdas; EXAWRLEr&YP3- doped Zr C2 (50

g, Engelhard) was treated 1n a rotary evapor Z0C with an aqueous
sol ution containing Co(NO3) 6H20 (40EXANMBLE®Med by calcination at 250C in

RO TR TN T A RO s S S TEAR
(17.5 9) and (Rhddid) 4E NGBE 2wkt Sad Bhudods | RERBOYodRhiNEbNI) R0 (16 g)
followed by calcination at 250°C in 1.5 L/min air. A portion of this material (7 g) was
treated in a rotary evaporator at 70°C with an aqueous solution containing
Co(NO;3)*6H,0 (4.9 g) and Pt{NH3)4(NO3), (7 mg) followed by calcination at 250°C
20 in 1.5 L/min air. A portion of this material was then (2 g) freated in a rotary
evaporator at 70°C with an aqueous solution containing AgNO; (62 mg) followed by
calcination at 250°C in 1.5 L/min air to obtain a catalyst with a nominal composition
of 25% Co/0.05% Pt/2% Ag/Si0;-ALO;.
EXAMPLE 22
25 High pore volume Al O3 (20 g, Engelhard 6568-2-1) was treated in rotary
evaporator at 70°C with an aqueous solution containing Co(NOs)*6H0 (16 g)
followed by calcination at 250°C in 1.5 L/min air. A portion of this material (5 g) was
treated in a rotary evaporator at 70°C with an aqueous solution containing
Co(NO3)*6H,0 (3.5 g) and Re;O7 (65 mg) followed by calcination at 250°C in 1.5
30 L/min air. A portion of this material (1 g) was then (2 g) treated in a rotary evaporator
at 70°C with an aqueous solution éontaining AgNO; (31 mg) followed by calcination
at 250°C in 1.5 L/min air to obtain a catalyst with a nominal composition of 25%

Co/1% Re/2% Ag/ALO;.
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Further experiments were tun in a similar fashion in order to obtain data

comparing silver-containing catalysts to catalysts having a similar composition and

support but lacking silver. The results of these experiments are set out in Table 3.

Test results are grouped by support type. As can be seen, the addition of silver to a

catalyst formulation generally increases the Cy+ productivity of that formulation, and

raises its alpha to an acceptable level (i.e. >0.8).

19



25 Hi gh pore volune A1203 (20 g, Engel hard 6568-2-1) was treated in rotary
evaporator at 70C with an aqueous solution containing Co(NOBpGiter 2da g)
fol | oned bégg logh&atlon at 250Cin 1.5 L/mn air. A portion of this

mat eri al ?1 treated in a rotary evaporator at 70C with an aqueous
sol ution cont ai ni ng Co(I NTO3) 6H20 (3.5 g) and Re207 (65 ng) foll owed by
calcination at 250Cin 1.5 30 L/mn air. A portion of this material (1 g)
was then (2 g) treated in a rotary evaporator at 70C with an aqueous

sol ution containing AgNG3 (31 ng) foI Tabledd by cal cination at 250Cin 1.5

L/'mn air torebtaiA-ag—eatalyst—w a—hert-hal—genpesttenref—25%—6p/ | %
Re/ 2% Ag/ A1203. 18 8 NovepSafalysd R 2402 TABLEC R (2260)
Ex. Cat al yst C11+ No. GdE® \gPt hibAS Pr 1t vilt Drmdpetiviee) 0 A1 Adekal N, D.
4152. 5Sul f at eGroafipd@21080. 86 5252W08- Zr O2590. 88 6202A12083150. 88
7252MCM 412400. 94 8253H Bet aP10| 89 94520AL0RUAL2033880. 9 1025230 1
RUMOB- Zr 02704 8 25T2028) [T RuSyhopol TM[ST(RZB/0. §8 125h0. 55/ F3g4g. 82/ 0. 93
13250. 53. 5Fl lor ngeu %Jéd%ﬁ ; 86_1‘42*_\%’0._5&2 it 0 It eT"IQ. 84717 930 38
15200. 0210A1 268374693t o0I-Q5pZeettite 616476 :
17250, 0525Ti (p2ddo_g22%bIRa haalis- 7l 708 19250285201 b03309% g7
20250. 0525yl (bgfﬂu'l’@l SLP2270.88 21250. 052" QI - Al 2(')3880 86 2225721
ReA12032780. 9 232520.20 FidP|O310. 30. §8 FbOher jexpeinents werd run|in a
sim lar fashijon29n orgd®[0.032 db® ai n ddta ALO; - 140 0.84/0.93
30 10 AlOs <l - <]
{Group 3
31 16 AlF; <1 <]
32 301 0.05 AlF; <1 <1
33 2510051 5 AlF; 442 0.82/0.93
Group 4
34 25| 0.05 Bentonite <1 <1
35 251 05 | 2 : Bentonite 76.9 0.84/0.93
Group 5
36 251 0.05 MCM-41 33.6 0.83
37 25 2 MCM-41 48.5 0.83
Group 6 -
38 [25]0.05 Zeolite(TMP) 37.7 0.81/0.62
' (Calsicat)
39 251005 | 2 Zeolite(TMP) 50 0.82/0.51
(Calsicat)
Group 7 .
40 251 0.05 C-Si02 119 0.87
41 251005 | 2 C-3i02 181 0.87
20



conpari-ng silver-containing catalysts to catalysts having a sim | ar
conposition and 5 support but |acking silver. The results &Notdmese2004
experiments are set out in Table 3. Test results are grouped by support
type. As can be seen, the addition of. silver to a catalyst fornulation
‘generally increases the Cll+ productivity of that fornulation, and raises
its alpha to an acceptable level (i.e. >0.8). 19 8 Novenber 2004 1856-02402
Tabl e 3 Catal yst DescriptionCll+ CoPt AgQt her Support Productivity Al pha G oup
1 2420A12031730.9 25202A12032030. 88 26200. 041A12032090. 88

2720. 0252A12032250. 94 Group 2 28200. 041A 2(B<1<1

298. 90. 0320. 9A120C31400. 84/ 0. 93 3010A12(B<1<1 Group 3 3116Al F3<1<1

32300. 05AI F3<1<1 33250. 055Al F344. 20. §2#9M83 G oup 4 34250. 05Bent oni t e<1<1 .
35250. 52Bent oni t e76. 90. 84/ 0. 93 G oup 5 36250. 05MCM 4133. 60. 83

37252MCM 4148. 50. 83 Group 6 38250. 05Zeol ite(TMP) 37.70.81/0.62 (Calsicat)

39250-‘@5&%@@&&3&3‘69— W@duaﬂg-@af&a%né,@érﬁﬂ)rﬁsﬂ@ contacting a feed stream comprising
hydrogen and carbon monoxide with a catalyst in a reaction zone maintained at conversion-
promoting conditions effective to produce an effluent stream comprising hydrocarbons, wherein
the catalyst comprises (a) cobalt, (b} catalyst support, (c) silver, and {d) a promoter selected
from the group consisting of rhenium, ruthenium, platinum and combinations thereof, wherein

the catalytic activity of the catalyst is increased by the addition of silver.
2. The process of claim 1 wherein the ratio of cobalt to silver is between 2.0 and 12.5.

3. The process of claim 1 wherein the cobalt comprises from about 10 to about 30 mole percent

of the total catalyst weight.
4. The process of claim 1 wherein the catalytically active metal comprises cobalt and piatinum.

5. The process of claim 4 wherein the catalyst includes platinum, the cobalt content is from
about 10 to about 25 mole percent, and the platinum content is from about 0.001 to 5 mole

percent.

6. The process of claim 1 wherein the silver is present in an amount of from about 0.01% to

about 10% based on the total weight of the catalyst.

7. The process of claim 1 wherein the produced hydrocarbons have a paraffin to olefin molar

ratio for Cs. hydrocarbons of at least 1.2: 1.

8. The process of claim 1 wherein the support is selected from the group consisting of alumina,

zirconia, silica, titania, and combinations thereof.

9. The process of claim 1 wherein the support is selected from the group consisting of Al; Os,
Z10,, sulfated ZrO,, WO,Zr0,, MCM-41, H-Beta, Sylopol SiO, ,AlF;, fluorided Al QOs, bentonite,
Zeolite RHO, TiO,, and Si0-AlO., molecular sieves, and combinations thereof.
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G oup 7 40250. 05C- Si 021190. 87 41250. 052C- Si 021810. 87 20 8 Novenber 2004
CLAIMS 1. A process for produci ng hydrocarbons, conpri si ngsdbwnnstet pog a
feed stream conprising hydrogen and carbon nonoxide with a catalyst in a
reacti on zone nmai ntai ned at conversion- pronoting conditions effective to
produce an effluent stream conprising hydrocarbons, wherein the catal yst
conprises (a) cobalt, (b) catalyst support, (c) silver, and (d) a pronoter
selected fromthe group consisting of rhenium ruthenium platinum and
conbi nati ons thereof, wherein the catalytic activity of the catalyst is
increased by the addition of silver. 2. The process of claim1l wherein the
ratio of cobalt to silver is between 2.0 and 12.5. 3. The process of claim
| wherein the cobalt conprises fromabout 10 to about 30 nole percent of
the total catalyst weight. 4. The process of claim1 wherein the

cat al t ss of
T P R e o B O e
r

about th®gragr £EBEIEtINgI N eantlg. Gadcn Ba. Buahg.inSsoMt batTii Zr. Hfovh hilhout

0. 001 1t0RA, PB! G5, IOPEL WMBD B, POandiRE. Process of claim 1 wherein,the silver is
present in an anount of from about 0.01%to about 10% based on the total

wei ght of the catalyst. 7. The process of claim1l wherein the produced

hydr oc@r bﬁ@?r@&s\é@ & dpcﬂrha‘fd Releth meefnr'oﬂto@lﬁf prised 'fz%rrL%o%O@"V o ‘%%P@ns of

m
at least 1 process of claim |l whereln e support i s selected
from tﬂ@@egl?@fdbe%@iéneé@hqegteat alumna, zirconia, silica, titania, and
conbi nations thereof. 9. The process of claim1l wherein the support is

"selected fromthe group consisting of Ale 03, Zr2, sulfated Zr02,
WoBZr GZ; Anisghen Tropseieafalyshyropasing (@cobalf.KB) a atgbst mommbsﬂvebeamdoﬁdo Be,

Zeol i f6ie) sdib I r
theretcl):);?0 21 S aé%gg@?h§8%p%bg%%ngﬁrr§%gg@ B@egmgﬁngl%mvé\%grel n e cat al yst

conprl'é%§°one or nore pronoters selected from the group consi stl ng of Na,
K,Rb,CsI\/gCaSr BaCuAg,Au Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta,
Rh, and Re. 11. The process of claim 10 wherein
t he pr@nﬂﬂ%?atelaﬁtmf P@@% 12 wbﬁﬁeabfbatra@ doebalibtomiverds betwsen abaut 26 aphd2Hot al
nmetal content. 12. A Fi scher-Tropsch catal yst. conprising (a) cobalt, (b) a
cat al yst suppor @{m | ver, and (d) a pronoter selected fromthe group
consi 3 Ahe setalye m gt WagTeinie pRokelt camPHSRS Fembatieat 18 about 30 mole

percent of the tota! catalyst weight.

15. The catalyst of claim 12 wherein the catalytically active metal comprises cobalt and

platinum.

16. The catalyst of claim 12 wherein the silver is present in an amount of from about 0.01% to

about 10% based on the total weight of the catalyst.

17. The catalyst of claim 12 wherein the produced hydrocarbons have a paraffin to olefin molar
ratio for Cs. hydrocarbons of at least 1.2:1.

18. The process of claim 12 wherein the support is selected from the group consisting of

alumina, zirconia, silica, titania, and combinations thereof. .

19. The catalyst of claim 12 wherein the support is selected from the group consisting of: Al,O3,
ZrQ,, sulfated ZrO;, WO3-Zr0,, Al;0;, MCM-41, H-Beta, Sylopol SiO,, AlF;, fluorided Al,Os,
bentonite, Zeolite RHO, TiO,, and Si0,-Al,Os, molecular sieves, and combinations thereof.
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thereof. 13. The catal yst of claim 12 wherein the ratio of cobalt to silver
is between about 2.0 and 12.5. 14. The catal yst of cl ai m 18 Navrmber P00dhe
cobalt conprises fromabout 10 to about 30 nole percent of the total

catal yst weight. 15. The catalyst of claim1l2 wherein the catalytically
active metal conprises cobalt and platinum 16. The catal yst of claim 12
wherein the silver is present in an anmount of from about 0.01%to about
10% based on the total weight of the catalyst. 17. The catalyst of claim12
wherein the produced hydrocarbons have a paraffin to olefin nolar ratio
for C5+ hydrocarbons of at least 1.2:1. 18. The process of claim 12 wherein
the support is selected fromthe group consisting of alumna, zirconia,
silica, titania, and conbinations thereof. 19. The catal yst of claim12
wherein the support is selected fromthe group consisting of: A1203, ZrQ2,
sul f abadTKE Qatal :yé%f £ai 121 4A<8i thlx%éllR&SiO fhhﬁ@lt @omﬁ)@e@ﬁme o Rdre Pldmbters
fluorided A120 bentonite, Zeolit 2, and Si 02- Al-2Q3, nol ecul ar

si eveselegig fiophibreursrnsishag sba, IS Rig %\Mﬁ?ﬁ%’@f S08a, Q9. AQT A, 86t %l s Tiof

cl ai mzi 4 aqsith, RAePEada Iy B, Mg, Ip:egmgﬁgprl ses one or nore pronoters

sel ected fromthe group consisting of Na, K, Rb, Cs, My, Ca, Sr, Ba, Cu,

Ag, Au, Sc, Y, La, Ti, ZerVNbTaRthCBIrPtI\/hBP
and Req. #ie cAb@stat aiaﬁtzooefvh&lc,-m %2&0%%.-%&15&&@3 Wo?rm%&ﬁt G00P% %@Sm&(eom
about 0.001 to 20 nole percent of the total netal content 22. The catal yst
of cl Bpreeatofitotl Weﬁéo'@&ﬂtal ytically active metal conprises cobalt and

pl ati num the cobalt content is fromabout 10 to about 25 nole percent, and
the platinumcontent 1is fromabout 0.001 to 5 nole percent. 23. A

Fi sché?- Thepstayt AAtarigisr 1owherely e caliMicallyaagliventetal camprises eebals @sdor t ed

on a §léﬂi%iﬁtthe%8ﬂ)ét§éoﬁfbrﬁ I’SQ‘FBrﬁ ESO!EW@L{@aBQuQ%iﬁhb[@QaeRfenNa%@%e Saftm (ﬂ{t%ﬁt ed
Zr 2, W3-Zr@2= Al 20 MCM 4 H Beta, Sylopol Si02, AIF3e fluori

A1203Is fﬂﬁ‘h?Bﬁ’Htpé)mZ%élm‘?'%PﬁWt Ti 02, and Si 02- Al 203, nolecul ar sieves, and
conbi nati ons thereof, wherein the pronoter is selected fromthe group

consi $2t3| R% L Penl rut heni um plati num and comhi nati ons thereof. 23
ischer- ropsc cata!yst comprising cobalt, a promoter and silver supported on a support

selected from the group consisting of AlO3, Zr0,, suifated ZrQ,, WOs-Zr0O,, Al,05, MCM-41, H-
Beta, Sylopol SiO;, AlF;, fluorided AlL,O;, bentonite, Zeolite RHO, TiO,, and SiO;-AlLO;,
molecular sieves, and combinations thereof, wherein the promoter is selected from the group

consisting of rhenium, ruthenium, platinum and combinations thereof.
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