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(57) Abstraet: A Fischer-Tropsch process for pmducmg hydrocarbons, comprising contacting a feed stream comprising hydrogen

"-- and carbon monoxide with a catalyst in a reaction zone rmaintained at conversion-promoting conditions effective to produce an efflu-
ent stream comprising hydrocarbons, wherein the catalyst comprises at least one catalytically active metal selected from the group
consisting of cobalt, iron, nickel and ruthenium and combinations thereof, a catalyst suppott, and silver. The catalyst may include a
promoter. A preferred catalyst comprises cobalt, platinum and/or ruthenium and/or thenium, and sitver supported on a sapport se-
lected from the group consisting of AL O3, ZrO,, sulfated Z10;, WO;-Z10,;, MCM-41, H-Bela, Sylopol S8i(y, AlF;, fluorided ALO;,
bentonite, zeolite, TIO,, and 5i0,-ALO;, molecular sieves, and combinations thereof,
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Fi scher.Tropsch _process for producing hydrocarbons, conprising contacting a
feed stPeam conﬁgﬁlss? AR Paia tﬂﬁhﬁm‘cﬁét‘lﬁéﬁ oSG -de HifEhoU SaPesvsiendln a

reaction z LRt & WeTctrels hng conditions. effective to
produce anqjeafeppﬁ?ﬂféﬁtﬁgﬁogg%&gg’\ég ?lse:a%%ﬁg’ rg))g'ar bons, wherein the catal yst
conprises at |east oSTAERMENI REGARDANG REBDERABILY SPOASOREDr om t he group
consi sting of cobalt, iron niRESHARCME ORDESM OPNaEGTCONDI nations thereof a
catal yst support and silver The catalyst ma include ay , , pronoter. A
preferred catal y¥t Apphipablses cobalt, plati num and/ or rutheni um and/ or
rheniu and silver supported on a support se- lected fromthe group
consisting of Al203, ZrQ2, sulfated ZrQ2, W3-Zr02, MCM 41, H Beta, Syl opol
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nol ecul ar sieves, and conbi nations thereof. 1856-02402 PROCESS FOR THE
PREPARAT| ORfonOsynthesRRsRBONS ngixieg efrbabor 0emorideland GFdrbien, eI i@bkled

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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described in 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



the early 1900's, and the later work by Fischer and Tropsch dealing with

hi gher hydrocarbon synthesis was described in the 1920' s. gNagerhtver 200478) Or
conmmer ci al 185600402 t he Fi scher-Tropsch process was in Germany during the
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manuf actured with a cobalt based catalyst in a 10 fi xed-bed reactor.
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hydr ocar bons deditel. fihee isrstitor grestarebd o aleotify efBtipecatilyds darafibehor-Trapsch U. S.
Patent_ 4,619, 9 L ssued on Cctober 28, 1986, and U S. Patent 4,670,472
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The catal ysts are activated in_a fixed-bed reactor, by reaction with CO+ H2
‘prior to sl awsrrauﬁfr?etaa?ge & 40111%@3“3% OSSR o the Thethae feedstask a5 gt
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cat al yst foréfghgag oS Sgét P%ﬁh@,%&h&oﬁ%ﬁ\%{ 5 ﬁ%g‘?%lc%r ng.gg,; g\?mﬂ%eﬁyﬂgk%gﬁgﬁ?et y of
par af f2(s i ndédmed @QodwtsCRD) carhoig eonoxide AAdtlgdtogén54Rcchadingly, 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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i nprovenent ; It RaY béefiWitblered that Mcedddiion o SMOEORH é&b&tc-daﬁ@irhﬁé%_l?@,&h&l |
production. 3 1856-02402 8 Novenber 2004 SUMVARY OF THE | NVENTI ON This

i nvent i diopichrrabst den ety dmprayestheCam rreductivisy ok tha gataisst, ahgainpared bons,

and pref b 5 L he d.nventipon pbrovides, a process for

pr oduci rﬁg hﬂeygc#[g(% gFanggﬁgﬁﬁhg%g%%% ‘gtlfsﬁltéje% o]‘lﬁl!2 g@tslé’r%ge %&)df’lté%odtgi‘lrvglé O si ng
hydr ogeofitathig@rdanlysireass da Wckdasd in abé allofal/pdriffia FE3CHT G pRiacERI Nt ai ned

at conversion-pronoting conditions effective to
hydrocarbons. In particular, it has been found that, for some catalysts, the Cys

productivity is increased by as much as twenty percent.
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 Tropsch 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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V, Nb, Ta, Rh nitiesaml| rsprhblMprothersP mcautttb Be Ieafhe)nprmstahpeleétbthlfytﬁﬁ the egrefqﬁbl y

cont ai ns from2 to 35% by especi al | m. 5 to 25% wei ght, of
cobal t +° pucopstt ﬁﬂgy@?@%&gb%ﬂt“ﬁe @g % E@&‘HPOIF‘% @@P@@f,e‘é PIESERimis r on,
cobal t, ni oo fg@pd mal ly, the 4

1856- 02402 NoverT{(.)vQéenZ()04e‘;](53u611ti asttglggwr?e%hgpgﬁs gﬁ%?ﬂc to provide el enental
metal (e.gCatadyseBeppaat iron, cobalt, nickel and/or ruthenium before use.

The catal yst mu contai n, at al yt.i ef fective anpunt  of the netal
conponent (s). %@P%Hme %&aat ?{‘F%ﬂ}r@f y$e itk thefpreseqt invention include, but

are not limited to alumina, zirconia, silica, aluminum fluoride, fluorided alumina,
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 contain 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 preparation of fluorided alumina
5



the. catalyst may vary widely. Typically, the catal yst conprises from about
1 to 50%5 by weight (as the netal) of total supported irogNeeaRE:boos

ni ckel , pl afdsgupmos hodi um  rheni um and/or ruthenium per total weight of
catal ytic netal and support, preferably fromabout 1 to 30% by wei ght.
Each of the netals can be used individually or in conbination, especially

cobal t and Hyth8encie offluRmatwitid dpofiede Alifedloataishs fubSiRinEToRPolaP M
about 10 to 25% by weight (e.g., about 20% by weight) of a 10 conbi nati on

of cobalt a¥witablet Huptinatingheonepauinds rinelhdnilliin €6hiFetChLE:, f CH@IBHOUH;CHBY1 to
about 1 wei 9 n g e nr atal yst may include.qne or nore
addi t i onal %%@gﬂé“@%ﬁﬁngﬁ% %”E%“t%%e)‘@ﬁ%dﬁﬁc %%3’& &’F‘Tﬁla?élof‘r‘i’?taﬁ%gfhl"&fﬁyvv]en

t he cat al ytAIF,; mehdlutnfuePRlbutoxdRUn@rgF F Ut heni um suitable pronoters

i nclude at | east one netal - selected fromthe group 15 consisting platinum

and rhehi um Negfelszan basuprortad oh eluomiatmfhuonde er on flfiogidedsabmhinaiis a vayipiyed] | y
bet ween 0.001 a 1 parts i ght r 0. parts of carrier. t al yst
Swport | Suppde- it SeRaple: Pt el daBasniBRIBR e atspahand pralueh s
i nvention idaBhll@@: a Pbridél 8lutfha kipfoketsih® idbiBhiifon %LhG _sgbo idgpbﬁame_

al um num fluoride, fluorided alumna, 20 bentonite, titania, la, zinc
oxi de, si | imefalal UdiSnaPatentds,nb9,66% | disclosee \ths . prafacatmnppbra omdiiphdase edatalsty e
some catalytic activity. .By alum numflugride i.s ant_at. | east one of

al uri num f 1CQBPPEEoR SopPrisiad yhousmelal figondes ingluding gpall thjopige hgmaeeassly gama
Al F3, 1bapRaspitsed #itH/ Atumbidieh 3dfad) - KET NRtpnafibRal2PHBTAHE f NYOTdRS 51 Whi ch
are primarily alpha AIF3 and/or beta AIF3. 2 5 By fluorided alumna’is
meant a comssbises dhe queparatminngf ahultipase cavalyy ecorapraitiohk uamprisingl meetdllivor i de
content of the fl ugrided al rrri na can v r‘y .over a \ﬁde rar}%ﬁ“, .from  about
0.001% t o ABGERIUELYBegRReolsfisPersgd Wih yagpus metr) Hivgudesngidings alupipum ni ng
- from 0. 00k 4tigeabout 10% by wei ght fluorine. The remainder of the

fluorided alum na conponent will include al um num and oxygen. The
conposi tion may al $hasesmf alumiaus Gluetide suchrata) bieta( tetapmiddcppo cal bnprepaged of

i or (8P compr i 9 H5PRERARGLS: RFISH SaRt At Do FR A oD Sy be

prepared by a varigatasof nethods. For exanple, U. S. Patent Nos. 4,275, 046,

3

4,902, 838 and 5, 243106 disclose the preparation of fluorided alunmna 5
1856- 02402 Peegdmatimmber 2004 by the reaction of alumina, with a vaporizable

| ncl udo. He, 00l 3F, T 3RR AR esat osion merpopeRIes b AGHERIOBE
Patent 5, 243, 1(ifediSRPL I SthE NGt PT ERAE inkRiBe Rty RHE | da¥alytically 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



ALlF3 from al um num sec- but oxi de and HE 5 Metal s can be supported on

alum num fluoride or on fluorided alumna in a variety of gWaVSnbdr9o4 .
exampl e, U.Rs¢kplent 4, 766, 260 di scl oses the preparation of netals such as
cobalt on a fluorided al um na support using inpregnation techniques to
support the netal. U S. Patent 5,559,069 discloses the preparation of a

nul ti phase catsalvest (.o a0lpesd)t ThOimseRiate SuPporals died 0B ketucéd Wah hg@Sgen.
i ncluding cobalt fluoride honbgeneously 10 dispersed with alum num
fluoride. PCT Thethidregen seduction Siep daayi a0t boonecessamyoifahe cathlyst is gweparddewith

preparation of | catal C 0sitionsg conprisi metallicg.
rut heni um hornge@é/%fﬁfs?{]?g%llt's pgl?s%gﬁl\?mr '([% ﬁ}%\ggwe&sﬁﬁe{r@)regqaﬁegﬁ? F"&’é’é’ﬁi ﬁcﬁ'ﬁ%ﬂ’ng
al umi num fl uaiidiged Wiflasiesr @fygah tid RdmeddwAll hyliRogdach eta, beta, theta and
kappa can be pr?ilpar ed 15 as described in U S. Patent 5,393,509, U S

Pat ent 3, 417, 954'vaially) & leashpahof the mefel qomponpriéPnfahe ontalsie of dhaprestrnd of
the present. jnyentio .be pr.epar by net hads kno to. those skilled in
the art. Tﬁlé{ééél}ll?nca%% greegigl\r‘rﬁrrl eag%g't“%n gS%%FreX%’anpa@fcl Etg{éi %%?We b ’E%Tﬁ?hi_"jnds
Or precur seidsamiicoustosdinae the catalystistidido QAEL P rddBERoCRdahilt] Hahé YredGick Ve
conpounds or_ precursors together wth support material to prepare catal yst

ext r udat es cdrafwgeppeat plevaied yneraiureat By is taichlly actoimpdishahipmo treatingathe

. .Th f d hod '
Dary. deper St van B8 ita ot REte Rt BhRE ot HRpaDoutis BaPBithee whose-
skill edol n abbet 35 to oat BPhSurs B a FBssHR) Ebohil Pt Mt $3hthabb e WHEREH ilfnay a

given set of requirenents. One nethod of preparing a supported neta
cat al yst ( &egised i thepduetiandreatbeitas weltaa laysiriurg of hydrpgeni pidentineve gasemsh

I npregnatiqn of the ort with an aqueous sol ution of ol ubl tal
salt such &3 P&t e?ﬁlé; f’%ﬂte‘?ft @@g‘{'%ﬁlgfg@{ STEETYP bRt ?/ ‘k&’. gboﬂﬁgtoﬁ%rngﬁet hod
I nvol ves prepahd.Nng the catalyst froma nolten netal salt. For 30 exanple,

t he support can be inpregnated with a nolten netal nitrate (e.g.,
Co(N03) 2. 6Hzed Gag\| t ernati vel y, the support can be inpregnated with a

| uti f - bal t Co2 8, Co4(CO 12, the |ike,
2B bl o or o dTE ecoRSe oBHER RO oS et (oY B0 hme)
The i npregnat ed oswaﬁirb%éﬁsdﬁ&@dn@@&hbﬁq?}sﬁd&m.t o REGres sﬁgmeyﬂrmen

reduction step may not be necessary if the catalyst is prepared with zero
val ent cobal t. [erdsieek Her centrsgipmetat hydrhearhbonsr agoutieg! te uthpoprocéss off itesl,

oxi di zed wth aiiﬁve(r)l ior? candbe o ngec[ ﬁgr%cl?gnt%r&rgcar}%grriso eh ‘as methane by means of
steam reforming or partial oxidation or can alternatively be provided by the
20 gasification of coal. The hydrogen is preferably provided 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



5 Typically, at least part of the netal conmponent(s) of the catal ysts of
the present invention are present in a reduced state, i.egnoEiRHbdoG
state. Therlggg_bgdrojt is normal |y advantageous to activate the catal yst
prior to use by a reduction treatnent, in the presence of hydrogen at an
el evated tenperature. This is typically acconplished by treating the

catal yst wit *&xﬁ}ﬁqﬂépﬁ%ﬂ Béd, aldrBNPRAsB! 6@y bULBIB ol 6r ebullif@B BRPHactbss. t O

about 500C, for 10 about 0.5 to about 16 hours at a pressure of about 1 to
about 75 at mAcPondingly tho giea ofitlye citelystgmtidles mhe varydieptiding ondh¢ netoras wel |
as a mxture _qf .hydrogen, and .an inert gas such as nitrogen. The anmount of
hydrogen may "4HY e¥?‘%ﬁ?3ﬁ3§f’fl‘ 1%to about 100% by vol ume. Feed Gas 15 The

feed gases chargedhe pidigsd SMBOLIVRRLEMY REEDE p%ﬁn&qmrﬂlﬁ@bga’@f Q9fEd b a
hydr ogen source and carbon nonoxi de. H2/ m xtures suitable as a

f eedst otk for cenwerslwry inoa hgdidosarhpnd hadrocarbeomgradoct Abe peoed®s dfthe hi s
i nvention can be optained fromlight hydrocarhons such as nethane by neans
of steam refprﬁf‘tﬁ _StorPa L 81 mSQ%H@FiSéHGB‘Faé‘_&%m&‘itf"é‘FW&tiVél y be provided
by the 20 gasif gaida9Ro@ily SORL velbtRfty MAHRAORR defctRSIRE HlyYraREOHoifshdYy free

hydrogen, although some Fi'scher-Tropsch catal ysts have suffrcient water

gas shift d00ivhiriytotabouCHID0lir/ g GirefeidlyefrofmabdMOBOeH Y @6 ab&] 1500 bitg/v.
Fi scher-Tropsch process. It is preferred that the nole ratio of hydrogen
to carbon rhbaoxadieni zonehemperatire 4s igrthatrenget fram dbot 180%¢ d6 eaboud 30@€€. gas-

t ' d hon 25 i de i | tia.of . about
> 1T RLEP crBPRDY JhE SRHHRR) PR oot tonconvitn aBTaIE CRPHS &1 om
1.0 to 2.5enlh@athR8 @@ abSRY198PE Qo GBI dDCAr PR reallidb iR préditrd REH tHES

stream shoul d contain a | ow concentration of conpounds or elenents that
have a del eangeiofalbout B psig (653 kPw) tcabaity000 pHig (e294 kPay prefeciblyafrome80 psiged t o

be treated re | onc ions of sulfur. or nitrogen nds 30
ouch ae. hy SO B fonER00 B BRR Rhni nt wsTo Lt et AR Re BIRRIAS e
feed gas i g gt 304 s (@ssB kPR catalyst in a reaction zone. Mechani cal
arrangenments of conventional design may be enpl oyed as the reaction zone.
For 713856- 02402 Shiloprentser pr2daets exdhpliawe 4 igredd bede ofl malscupinaweightsl urry
bubbl e col umm [

bubk o cof ot SR bu LA bedyreactorns,  Aecord nabta b Shrsiol e
]piexgz egédThe RIcBE8S 308 bohthRelH RNMLAY oBRYvABE: BEhioRENBRalySis2atout 56l thegp or a
carbons per molecule. Preferably, the product hydrocarbons are primarily paraffins.

The wide range of hydrocarbon species prodﬁced 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



5o0r inaslurry inaliquid e.g. liquid hydrocarbon product. The
activation of the «catalyst nay be perforned in the sanme og NavdkHef gopant
reactor. Thesgasadpourly space velocity through the reaction zone may range
fromabout 100 v/hr/v to about 5000 v/hr/v, preferably from about 300
v/hr/v to about 1500 v/hr/v. The reaction zone tenperature is in the range
from about 16dGetgas phadst re3Rréd frdf fReatmtabione dffigent atredh Giftez GRérotabon
operated at conversion Eronn;ing conditions at tenperatures from about
190C to about resgyery mpbe pagially gecysled ibitecontpins p sufficiank quantfy 9 hydrogeput 80
psig (653 kPa sig (6994 kPa), preferably, from80 psig

(653 kPa) to é%%g{ag%%haég§8%£237 kPa), nore preferably, from about 140
psig (1066 kPa) t avithowutfudidd gdstogation iBiskitievedl hal bae Rkidle@Ss the aeuGdng Wil |
have a great range of nol ecul ar. weights. Typically, the carbon nunber
range t he usiggdlridescripiinnobueipontlizg the psesapt ingentiopde g fiallesh ¢xeaht Theie to

ol ccul o, Py of kg PHat MRMIARAY SH o BCKlnsiled B Ml BSPRTRE. e

wi de range of chisttalnéiy the ferbsifddr of terdisiszact inAny haywasbéwn zone will 20
typically afford liquid phase products at the reaction zone operating
conditions. Therefore the effluent EXAMBLES the reaction zone will often

be a m xed phase st e ef t m ] reagtjon. zagne be
cooled to effect theﬁgg}ﬁ’é‘gﬁlgn i%}lr?}ﬁg’?esagélih?lﬁorqggcngﬁgﬁsntmslgo?esﬁf/sd&g%abr%ns )

and pasged i nt 0cent@POs arld Kpdhttests 8PitAydtOih at6cdancEREHAB Pres@itag@ntiBh.cr i al
may be passed into a second stage of 25 cooling for recovery of additional
hydr ocar bofEnergng ¢ (o1 Slontipugustleptsal fromthe initial vapor-liquid
separation zone toge r..owith any. Liquid froma subseguent . separation
zone may be fed int otﬁa}gfcpﬁ%ﬂogﬁg?%ﬁgﬁ%%own%% i, Séﬁ?%;’s‘?‘?%@“a{:ol umm
i s enployed fir sdactos, wiEERHA] 4 b3 way Ahe 6AHRAPS, HRYE PredirPreppRfies, And tiud ane.
The remai ni ng hydrocarbons may be passed into a fractionation colum

wher ei n 30 t hey gas drempiagapka(opy opding and twopHtlinehnge i nto products such as

napht kerosene ang, fuel oils...Hydrocarbons -regcaover fyomthe reaction
zone 2?1% havi ng a boﬁp?ﬁér%%i foe lﬁllg_,\y%ast e@?’efoﬁ%g%%ﬁ%gt& tb?Bec?ﬁ lré)v?Fa‘?/ be
passed into congeytleAlgtid®o® RS Ehtal Pl PIARBE R a GbF B RoRe BYPHOE EAB

%b'ld% &Il'zy]lg zone
in order to reduce their nolecular weight. 8 1856-02402 8 Novenber 2004 The
gas phase recov@rasents rldw indizidualagasey ozofduiss pf thergases wergrmiasd &t aBPAmdear bon

nyar ogen andl of e B Yoy brishs SRRk 2e GebllomaficB RRRRIAE Y O

believed that opgcgkilled in the art can,

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



5 using the description herein, utilize the present invention to its
fullest extent. The follow ng specific enbodi nents are tosbeveiestoed as .
il lustratiygss.gsqhonot as constraining the renmainder of the disclosure in
any way what soever. EXAMPLES The followi ng Exanpl es contain descriptions
and results for both 10 continuous and batch tests of catalysts in
accordance with the present invention. General Procedure for Conti nuous
Tests The contlnuous ‘testing unit conprised a syngas feed system a tubul ar
reactor, wh glucabtrasfdwax and col d traps, back pressure regul ators,

dth h - 5 Th b
monoxi de was pur f o5 BRdEn R eePlimiodSeeh BoPL reflon el B ving
oxi de on al um na BafAnY&i-lié APeRlefindrRGht AMatyRer ETRYReMRYYy Ga® A faBZBORYS S

present. The individual gases or miXxtures of the gases were mxéd in a 300
m.  veszel fill egrippadn githsswbedbermbf comlueitvity i dejeattre s plnyeavasi f dhel

feeding the reactor T S

1/4 in. (0.63 cfy" ﬁe“‘ﬁtlonétzacﬁ(;@%&‘g%éﬁ: Fﬁ‘ﬁi ﬁg?" ‘Fgé“ﬁ?eéﬁ%?l% /s%cﬁg”r @%fgtor
tubi ng was 14 i Qater 3Pthe uaFdndeddtd reedryadducgnat h of the catal yst bed was 10
in. (25.4 cm with 2 in. (51 cm of 25/30 nesh (0.71/0.59 mm gl ass beads
and gl ass wool at thé&h¢ prtnlmciarﬁbmamhemf the hohand cadddtaps we%se"p'hratedaimoamd cold
traps were made of 75 gJ{)ressur nders.. F \é\@ s were set. at
140C whi | o the SO0 P ebiie pieron BRI VoS | n
paral Ie} fol | owgglidoyt ko Q&hﬁerﬁtﬁ%PsA Podtidh afl @ils sod ﬁt‘&ﬁu&'%&ndfskmed in
products fromthe reactor flowed through one wax and one cold trap In
series. Fol | owcarhom diswifete béforsahmmiysés. pdihie outganihiphhsst framdtheodadd ttra@pwazused

wer e itched to 3 he. other set in parallel, if needed.. wax tra
bl oot ed’ o neatSaly SRGiCR S GRS ARd R Buired T jbuined, Ti dekRiRe. and
above) while thﬁh&;@'f?orhrtﬁ@%w@%ég@%%dcmﬂnhécﬂQﬁ@ranﬁlyigdoﬁﬁra@%oﬂrﬁﬂ}’{iﬁl T

di stribution (usually between Water, a nmjor product of the
Fi scher-Tr opschom‘wn&s*s was collected in both the traps. 9 8 Novenber 2004

1856- 02402 Cener al y al Pr re The unco de ed gaseous products
fromthe reactors we 3’ zﬂfgr Cﬁ’éﬁrﬁ% 3PN SHHPRCG AL ﬁ‘iﬁ‘ IEonery Gas
Anal yzer. The Raétbasfsw;@ﬁsearra} %8 &haly@S of the BEHALRRAH alfhdolls biRed fiT0RH

conductivity detectors and neasured
from the wax and cold traps.

Catalyst Testing Procedure

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



concentrations of CO H2, N2, CO2. CH4, C2 to C5 al kenes/ al kanes/i soners
and water in the uncondensed reactor products. The product®oferarr 2eigh of
t he hot andggl@4bs aps were separated into an aqueous and an organic
phase. The organic phase fromthe hot trap was usually 10 solid at room
tenperature. A portion of this solid product was dissolved in carbon

di sul fi de bef or eoaditibis for -sixté Ku@RTIrCaRifAS fedub®ih. t RE teObkll bf MR ré@fction
usually liquid at roomtenperature and was anal yzed as obtai ned. The

aqueous phase frepad.tthe flowovasrsapichedbackdaipitrasgn and) therrghgtoreepofagr togbantion| s

and ot her oxygenates. T §<J 1 ne gas chromat ographs equi pped with
flame ionizati oﬁemag?%lﬁl(glﬁ%a\[ﬁ'égé (EPSed for the analysis of the organic and

aqueous phases col | ectiRdeackdrafistpi@sifizedas theld¥isHed fedftfon fradstte/sid heRlditnY
Procedure Catal yst (3 3) to be tested was m xed with 4 grains of 25/30 nesh

20 (0.7%/0.59 mie desired regetaonstepperatyren §hrgss, wishd$:1 HyE€ O mtiorwas(tBen Bddm)

t ubul ar reactort was fi rﬁt Ioz%ded wi.t.h 25/ 30 ”55(51 (0.71/0..89 mm gl ass

beads so as to B%I&?&%SO,I‘\E ?rhltea((t?.rlfoe?\’%m?ﬁ‘gﬁr&trﬁac %t he reactor. The

catal yst/ gl ass bead nikgtfirsianiesal aliace gé}ﬁﬂeﬁ?r?a%t%&ﬂﬁ‘bﬁ%&% hfer thétadt CM
[ o

of the reactor Ier;g; h. The remaini ng n. (5. of reactor length was
once again fill &f thé rénctia. 3¢\ matriab balagee7pgrpdsiastadifogbetssebdads . 245uturs. ends

of the reactor re u d. i th gl ass ol . Cat.al tivation S.
subsequent |y ca\ﬁf‘fr@&p%ﬁ%?}%alﬁﬂ% ?W@o&%ﬁfﬁﬁhﬁgé‘iﬁﬁ%%m&?ﬁx%s '
heated1bo 120C umdsideRiddr SaeNow! RAWs (AR0 cSHhGEiItoRN Weighds Rl Lobdblitibhd)or at a
rate of 1.5C/ mn. The reactor was nmmi ntai ned at 120C 30 under "t hese

conditions for taauedvsand dreaniel phases) colledtddeinc thiealyrs and Apldt trepseadd aéactine
drying period, the.f.low was switched fromnitrggen to hydrogen.. The reactor
ws hented unddPrATLER 3t FEHCTARS B PR A B R On SRRy et o
rate of 1. 4C mgRatyhdd 1320G tofd) 8s WEAGL RidiWesal ERbbh, Aand@oRfgeH Miktrd hese
10 8 Novenber 2004%856-02482. conditioné for si xt’ee}ﬁﬁ%gurs for ecat a‘lgrilst
reduction. At t fhelagers. oFromh¢his doformiatomn, @R rCadersidue(%), oVeleviitpidilplzhetbtback

The reh@tor was GFELER s candgpr eyl PG ¢ aevioqh 1ot BLeloneban cdbed (o
> Lhe desired ragaiooRBot PBRIA! e prodiRaRRy (Whiheoad), dih Fortdh | CuaR then
hydrocarbon products (%) and other desired reactor outputs were calculated.
The results obtained from the continuous-flow Fischer-Tropsch catalyst
testing unit are shown in Table 1. This table lists the éatalyst 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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t he reactor when reaction conditions were reached. The first materi al

bal ance period started at about four hours after the start 8 Nofenitee2004
reaction. Agpgpesial bal ance period |asted for between 16 to 24 hours.
During the material bal ance period, data was.collected for feed syngas and
exit 10 uncondensed gas flow rates and conpositions, weights and
conpositions of aqueous and organi c phases collected in the wax and col d
traps, and reaction conditions such as te -erature and pressure. The
information collected was t heRQME @lotal as well as

i ndi vi dual carbon, Xy ria nces. . From.t h

i nformati on, CO Convéﬁé%gﬁ&@@& ({g@gy cﬁa{;ﬁ?c 67?3% | Bt I'O?gl EWf@W%nu’t fe
Ander son Schul z r&thBf dapbrafor ivititah QRItohOSohakdn df@u(ﬁ&@%ion@@g,m(@%s hyydmagar bon
products, C5+ productivity (g/hr/kg cat), weight percent

hydr ocab bon pr odlveyswisogvaperated o dryngssdp obtpin & satelyst with puomina cempasidian at ed.

The results obta nt| nuous-fl ow Fi scher-Tropsch catal yst
testing unit ar 8%2%%9?00@#3@1 £3. This table lists the catal yst

conposition, CO 20 Conversion (%, Abplmpyslue fromthe
Ander son- Shul tz-Flory (pl ot of the hydrocarbon product distribution, weight
percent nethane in tA8%CeoiGl%RiAdrOc 420 @) wasosumied i aES&qumlﬁdeﬂiuilm of (g

C5+/ hour/ kg cat d ffmraﬂoadCCl | efin: paraffin
Fati o The t enp iR @413 & 3b 8 i Fistisy slalitbiofatd §ragerafet skl s, ' anc
the spage vel oCidaferitSyad cAbiBPM759°C uA@era3b0 nilPhiPét allttla%b%ﬁlﬁﬁﬁtﬁ%'si witfabl e
1. Continuous Test Catal yst eparation COVWARATI VE EXAMPLE A A1203 (120 g)

was treated in anooizal gompegideraeioh’sfo/00BRW 1 HAghARGueous sol ution

contai ni ng Co(NG3) 2. 6H20 (59.2 g). rjyal was cal cined at 250C 30
under 1500 nL/mn of air to obtain wi th a nom nal conposition of

10%Co/ Al 203. Measur engiice/®1Rbl 8,02 g twie ElariBad/ aﬁtaelwgéﬂs Mxidd Qrhour s
of running. 11 8 Novenber 2004 1856- COVPARATI VE EXAMPLE B 10%Co/ Al 203

(86.9 g) materi @IgN&&s(Oﬂ‘)e@)técVO&fﬂ m@dmanenmosmn@ldu gvaporatedttardyyresmpdheat or
wes evbor at ed PRV NBSEAFBEDHEADFC 4O a00 B B o Rafinh cBahpoRit] on
of 10%Co/ 0. 19RubMNogfidal ceipiERkien &f 10%Co/0.1%Ru/2.5%Ag/Al,O;. Measurements of this
catalyst were made after 46 and 70 hours of running.
EXAMPLE 3
10%Co0/0.1%RW/ALO; (20 g) wés 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



10%Co/ 0. 1 %Ru/ A1203 (20 g) was slurried in an aqueous solution of AgNG3
(0.315 g) at 70C in a rotary evaporator and evaporated to 8@Ngveesser20Dde 10 .
materi al wqgsgagbgdned at 250C under 1500 ni/min of air to obtain a catalyst
with a nom nal conposition of 10%Co/0.1%=u/ 1%\g/ A1203. EXAMPLE 2

10%Co/ 0. 1%u/ Al 203 (20 g) was slurried in an aqueous solution of AgNG3
(0.79 g) at 70Cin a rotary evaporator and evaporated to dryness. The 15
mat eri al was cal ci ned at 250(;1 under 1500 nL/m n of air to obtain a catalyst
Wth a no S enbrs [Rwone o ivTe » £, :'}

v 1 B3 BCo/ 0. 1%u/ 2. 5%Ag/ A1203. Measurenents of
this catalyst wer de,.after. 46 and 70 hou of, runni ng. .EXAMPLE 3
L%/ 0. 1oRILAl 203 0 ohk s GpRPl e R GE YADEPE prign Rupee A nos
(3.15 g) at 7@fachét-PropRhakitieMaNRE @ﬁt@zg,stadaﬁl e/ R BOPIALRIn a0 nbHI Y NRSE:-crddile
materi al was cal ci ned at 250C under 1500 niL/mn of air to obtain a catalyst

with asnom nah o€ el tandNpabed O%EOS00 kuaa/ RVAGL MO2R3/s) Mias pére B Résim Of
this catalyst were made after 39 and 138 hours of running.. Table 1 EX.
Cat al yst Cat . dempasmeesfortSwinutess The sagpleowas. then beatabdsy pyo scem (1.7 x 10

A10%Co/ Al 20351.35.11021030.9890. 0475, 1 - 95- o

B 20000/ 0 100 79 Z83585S e anihog MR B Bol #0190, fopogg hour.  The
A12034342. 51084t3REts et theh eated at 1°C/minute to 400°C and held at 400°C for four hours
210%Co/ 0. 19%=u/ 2. 5%Ag/ Al 2C34660. 41(}11280. 6080. 087 310% o/ 0.1

oRu/ 10%Ag/ A1208d8490scon 375 50307 () bpiregss 7Thesmplepwerengspladiarhydomsn

1856- 02402 General Procedure For.Batch Tests Each of the catal yst sanples

was tr %t ed wt 8@ Slétglﬁu%b%egg’e{%e B in the :
A 2 mL pressure vessel was heated at either 200°C or 225°C under 1000 psig

(6994 kPa) of H»:CO (2:1) and maintained at that temperature and pressure for 1

hour when heated at 225°C or for 6 hours when heated at 200°C. In a typical run,
roughly 50 mg of the hydrogen catalyst and 1 mL of n-octane was added to the

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).

13



Fi scher.- Tropsch reaction. The catal yst sanple was placed in a small quartz
crucible 5 in a chanber and purged with 500 seem (8.3 Xx 16 Novenibes 004

ni trogen afgs¢p@mepenperature for 15 minutes. The sanple was then heated
under 100 sccm (1.7 x 10-6 nB/s) hydrogen at 1 C/ mnute to 100C and held
at 100C for one hour. The <catalysts were then heated at 1 C/ mnute to 400C

and hel d aparQPEhik efatdrdu (301% ivEs trefediin 3 QOtaBeewapbiator af 7DOC GuitiBas hqiktpds ogen.
y

The sanples were cooled in drogen 10 and purged wi th nitrogen before

use. A 2 nﬁolph@sgfmt@nmgm%ém@a{%a 2t Ténet(ﬁe om@@romam e odeingd 00

b essur o 1 8210 Crll 4 s et BE IRt Bt 33 o GBRR t Y

200C. I n acialifa atf POPC withughbyuddls @ElﬂbntJ&td”hﬂﬂg QRO PEBLY 6. sagﬁaﬂd m. of

n-oct ane was added to the 15 vessel. After one hour, the reactor vessel was

ngl gd 5 R PHRH3EN08d (5 med é’npmﬁmrqfaﬂnsd(éq -Bhrdeped aemitia(§- Huvad teedirst i m/\msh
T P689 .
Fiydr ocar bore v eRg=PhAGHFS W 8 MR 3p Biof oy inie RerEhi G up g4l

i nt ernal sggaﬁadgtzﬁtgqnllmmaﬁdr ocar bons were not anal yzed, since they
are masked by the solvent and are also vented as the pressure is reduced.

20 A Cl1+ productivity (g Cll1+/ hour/kg catal yst) was cal cul ated based on

the integrated production of the Cééﬁgggédrocar bons per kg of catalyst
per hour. The |ogarithm of the wei on for each carbon nunber

In(Wi/1y was pl ott edyas,-&djRd Z?Og(iiﬁé)ﬁvdé&reawdﬁﬁﬁ&otﬁiy&ﬁﬁ&ﬂ&rﬁém with &YW/ n)
as the absci ssa. Fromt3he sl ope, a “val ue of al pha'was obtai ned. Sone runs

di spl ayed a dguebhesclhfpdmmcantaiging\o(NE:)6E.Q 340 abfcdk)weﬂﬂze' qadmndtion ab250Uns

Caral st Pr offbl SUHER G pARRHIVEOE e Baieva. GRLE) N 9G] ATl od

in arotary gy¥ppaict af 764C AP Wnt ApRBuPAUROLSE co?ﬁiuﬂhg Oﬂglqg?t(@'@' Bo heNG3
(1.24 g). The material was cal cined at 250C in mn o 30 air to

obt ai n a cat edlgiged vt 250°K nbinSnTa/lrmncmpoéu portion eff ﬂi@%hgie,dl 1R@i8rial ERARPIWES 4 A

sanpl f et 03 was .cr ushed \ 14/ 25 rresh (,1.4/0.7

5 Noveber *oBoHed gibs fomity BURPraR chi O\l A0 aauts sdich sarbiiih L'
rotary evapocagga) 3961{263@ Aoy h TRB rRANSA YR GRlitkdd A speatiai g %@&ﬁ\@l&mo
(22.2 g). The Co-doped alumna was then calcined at 250Cin 1.5 L/mn air.
Part of the obthiti eathlyshtwathiaaionfing comppsitien of 2 8%4ted2YorAg(W@t-ArQp. evapor at or
at 70C with an aqueous sol ution COMEM/IBEE%)( NO3) 6H20 (3.5 g) and

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



5 Pt (NH3)4(NG3)2 (5 ng): A portion of this Co-Pt-doped alumna (8 g) was
treated in a rotary evaporator at 70C with an aqueous sol 8iNoeemtzoadtE Nni Ng .
AgNGB (0. 3288902432 was calcined at 250C in 1.51/mn air. EXAMPLE 5 10
W)3-doped Zr02 (50 g) was treated in a rotary evaporator at 70C with an
aqueous sol ution containing Co(N03)6H20 (40 g) followed by calcination at
250C in 1. 5id 45 D bir. A PRhHleOF thik chbit-adeai 26Kke (B g B ltrdaRtd if)a 0By
treated in a rotary evaporator at 70C W th an agueous sol ution contal ning
AgNCB (0. 62 gyaporatermat T3 cwitle @n ague®e Golution Cer‘EmmeQ(Noﬂfﬂh@} (i.4g) efd t hi s

an aqueous. saEHdNE o AR aheed RiRl Bkl HGhch A BR Pl il hat” "
cal cined at 2p&eain chtabyst-fithA il cotn os@&safzs%c%ammgmmté.h a nom nal

conposition of 25% Co/ 2% Ag/ W3- Zr O2. EXAMPLE 6 A comnerci al sanple (5 g)
of Chin®et 20%Co/ Al 203 was treated in a 20 rotary evaporator at 70C with an

aqueous sol ution containing AgNGS ( .~ The material.was cal cined at
250C in 1.5 L/mn of air to obtain with a nom nal conposition

of 20%Co/ 2% Ag/ AliZSRChiaMY-B %aé\/@&tédtm(éﬁbm‘}ggz)mpd@é@p@tr RRCAGHRLA hfkohe J- S.
Beck et al., JACS vol. 114, 25 1992 10843, was treated in a

rotary ev ap@iﬂmmwrﬁmmﬁl CofNOB)* () llowed by caeingtiort ati 2507(g irCh.L N8B H20
8.4 foll 50C / t f
thi s mater P A sopte PSSl abad afmnm LF82) Res HeBrdite raed-BePoHf i an
agqueousy SOlPHE QthCANAqicBhbIGHRING HHRE o%N@_;F@SH?@%ﬁQ%&Q{u@!?(Q) )The
doped MCM 41 was cal cined at 250C in 1.5 air to obtain a ca

30 with a fﬂilﬂwdlbymlqm%mnlabmva@fcalzﬁw@bﬂi@?@gﬂ IS/[IMnMofEXAMPQEIBe Ielflies a
eolite (1 ated in rotar eva r at,. 70C an aqueo
gol ult i on(CS ig‘%'%%er&i(@o@)‘é’fl!&@re 6‘5) ¥‘H b r6’5‘) Il 1t V\%nm’af‘q‘?@ﬁg:u 131S
8 Novenber sal(fish éﬁﬁﬁmﬂ?%ﬂ%ﬁgﬁr lgtgj_/ Thé daped alﬁnﬁérmﬁsece@ém&hh@fﬁpéq{ltl'ﬂoped

zeolite (2 g) was trea ary evaporator at 70C with an aqueous

sol uti on cbhmai ofi aig tcColthiBE) cE8rFSt With 4 mymiaaldconpisiERn(@&225% )Co/Thtd Rof2éd

H bet feoli s calcined at 250C in 1.5 L/mn of air to obtain a
cat al 315 homi nal conposition, of 25% Co/ 2% Ag/ H-Beta. 5
EXAMPLE 10

WOs-doped ZrO; (50 g) was treated in a rotary evaporator at 70°C with an
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



EXAMPLE 9 A1203 (Chinet, 10 g) was treated in a rotary evaporator at 70C
wi th an aqueous solution containing Co(N0O3)-6H20 (10 g) f 6iNooxster bgo4
cal cinationgg-o2fC in 1.5 L/mn air. A sanple of this cobalt-doped
alumna (5.8 g) was treated in a rotary evaporator at 10 70C wi th an
aqueous sol ution containing Co(N03)-6H20 (4.06 g) and Rud 3 (11 np)

fol  owed by aghsdvufabluion @bntdREnLEbQNOHBIBO UM tdlowed bty tWoNcAMin@idns o
sanple of this calcined material (1 g) was treated in a rotary evaporator

at 70C with 2P0%qireddsL/mip|aix | énsauple afthisgnaighas(5032) wey treathd inl apothary

| uni i ned._a$.,250C in 1.5 L/ f air. ' i th
2 hor nal - coRrRFCH o e o dnapsrasMiin bostidipidRR0% B ® Bkae M
W3- doped Zr @ANHRH(ID; W50 ﬁmf'g)égﬂl%{rggl gy%alrcﬁiaﬁéﬂ aBYFPONAY & L/Ain 4RC ANpdrHodN

aqueous_sol uti on contal ni ng . 6H20 (40 g) followed by calcination at
250C i%h 1. 50f this masgrial (IS ghmeas dreatst] inkd sotarmtevaperhtof 20 7§5C weith an equasdsi n a

t t t . 20. 70C. i t | ut i ining. . . .
Co( N03) 2. erotkie il ARy (ooe HERHERT Sutiendip 4200 R M hain gsoc i v
1.5 L/mn ai ko otaidaratadysolvith Rindnlid @bhnpbsitidn 87 2398 T 0/0.0 93 P88 R‘{B}??&lwt ary

evaporator at roomtenperature with an acetone sol ution of ac) 3 and
dried to obtain a catalyst wth a nhe osition of 25%Co/2% Ag/0.1 %

L
evaporator at 706 w Frored AeB8e R Breiut abihi ot siet 874 o)
and Ru@ 3 (14408)mdsR(1.ax0ed M) wednehidatih Rodty &afstaiod ad 7™ A4t Bn dieoud

sanple of this material (1 g) was treated in"a rotary evaporator at 70C,

with an aqueselstigotantdining €(NS:NOHLD LMOB) ¢BIP I kNG, GBtrag)fodowed by yst
with a nom nal, conposi.tion.o % Co/ 0.,1 %.Ru/ 2% Ag/ Syl opqal . Si 02. EXAVPLE
15" Anhy dr ous CHPRSTCE 25DV | ST A Rtk aF W UaEERLR e s Forefat b an
15 8 Novenbe i | WeoYat - TN (40
g) followed %51&1?1%6 Vclglﬁgﬁoﬁgtf?%ﬁgﬁgf &pg%%%{lﬁldh%% L/ W%%(@\Qggﬁ%léga %? this
mat eri al (502 Aghi€st(Oeld)t @dfollnwed byt calonationagd A58t G in 4t5 LoGnwdit to ebtamqueous

ol t o con g, CoLARRIEE, (il Aorc, BN DR, (30 o) ol | o
g) was treated in a rotary evaporatpxaMpPI/ReW th an agueous
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 AgNOj; (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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sol ution containing AgNGB (1.18 g) followed by calcination at 250Cin 1.5
L/'mn air to obtain a catalyst with a nom nal conpositi onstibveatifis gma0. 05% .
Pt/ 5% Ag/ AJRSs-0FdAVPLE 13 Fl uori ded A1203 (45.2 g, Engel hard Al-4352),
crushed and sieved to 10 14/25 nesh (1.4/0.71 nm was treated in a rotary
evaporator at 70C with an aqueous solution containing Co(N0O3)6H20 (26.6 Q)
and Pt (NH3)4(NGB)2 (38 ng) foll owedemyaMpBEaQknation at 250C in 1.5 L/mn
air. Aportion of this material (10 g) was treated in a rotary evaporator

at 70C wi th an aqueoUsimsbhiphosphitoomeatech zeitCRbOG) D b g5 reutes) in arudtasg NO3
0.40 foll d.b j ti t 250C j 1.5 L/ m i bt aj 15

Coialyol i ROl k%G Rl O BinBE® Sebylled; Srbidbi ChchRafb e e

AL203.  EXAMRMR v BRanl@Rido af 160°0. inFOEkhAGE, 956Gl fbinddiaas) Waeat ed

in arotary evaporator at 70C with an aqueous sol ution containing

Co( NOB) 2 6H2Otlenatraated in faordtarweeyapyratoal ati HECi withaan 26@Qus solutisn |gomfamiag r .
The materi al t.e reat ed i 0. notary.evaporator at..70C with
agqueous sol utc}lggﬁoé)ﬁmlbnﬁ%gg%&% M@%—@g IE@Z .°é‘°‘_”a‘§1)%_§ﬁaﬁ9? 1RI3Y %Q\las‘lea? IS
ng) fol | owediicat ¢ BBkaiR catlydORithiandmiRal édthpbsiidh: of 2599 €old.05% /i S
material (10 g) was treated in'a rotary evaporator at 70C with an aqueous
sol uti on contsg/#dotige RHKO3 (0.40 g) foll owed by calcination at 250C in 1.5
L/'mn air to obtain a catalyst wthm conposi tion of 25% Co/ 0. 5%
Pt/ 2% 25 Ag/Bentonite. EXAMPLE 15 3 (50 g, 140/230 mesh

(0.11/{p 062 M) was Thoeaisedg) WaPtredtQf A /1o &&{(@t&& & 7028Gwith Mﬂag&oagueous
sol ution containing Co(NO3)6H20 (40 g) and Ag (7.5 g) followed by

cal ci nati on aclutig ContainingSCOMNDr6&LO. 20Hi D fotiowed by cdoinaen 8th250°Crigat.®d in
a rotary evaporator .70C wi t h an. aqueous .sol uti on cont ai nj ng, - Ca(,N03) 6H20
(1075 and PLORESE NG 3981 e e HRice By e SHARTTEAT 3 192 aHith R 1. 5
L/mn air to § BoRuti6A@hifdi %@3 6,31 7.6 2l Y44504@y 02%
Pt/ 10% Ag/ Alg 3. 1608 1Noverr’oern oog\llﬁl?g%iqgozgoz l\/PLEmi’lgﬂchgs)ZQ Al%)

Tri met hyl phofghiwed-tyreekiimstion ab2IG°€ iR P I/fid aig) Anestion ebthisdniteria (f @) way

70C. Wi th ML t ai ni nq_Co 6H20 (4,1
ol T vt by LEHET i Dieheveao o 0% bRk o tauien prdipnggdos O

material (2 g).1588) RibWel by caeiaod & H0POLRT Y BUAR A3 Obtafla LRSyMiith 2N
aqueous sol ution containi ng

nominal composition of 25% Co/0.05% Pt/25% Ag/TiO,.
EXAMPLE 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



Co(NGB).2. 6H20 (14 g) and AgNO3 (62 ng) followed by calcination at 250C in
1.5 L/mn air to obtain a catalyst with a nom nal conposi BiNweerober 2684 .
Co/ 0. 05% Pt{g2¥00 g4 Zeol ite RHO. EXAMPLE 17 10 TiQ2 (25.1 g) was treated in
a rotary evaporator at 70C with an aqueous solution containing Co(NO3)6H20
(20.1 g) followed by calcination at 250Cin 1.5 L/mn air. This materi al

was then treat@edifl ado @Jagoﬁmapvmi@hnz otk Edluéh ccﬁﬂ‘}fﬁﬂgﬁ@@_ﬂ@%on
cont ai ni ng Co(N03) 6H20 (17.6 g) and Pt (NH3)4(NOG3)2 (25 ng) foll"owe y
cal ci nati on anglfticwed by. Gidination ati 250°@ ipd.§ iLdmirohir tthiobtaim tecatalyst (it was

15 treated in a.rqtary evapo r h ueous sol ution
cont ai ni ng A “ﬁﬁeﬁ%ﬂ@‘%%ﬁ[‘ﬁ%&ﬁ%@ggggﬁéﬁ% . at 250Cin 1.5 L/nin

air to obtain a catalyst with a nogsplpegmposi tion of 25% Co/ 0. 05% Pt/ 25%
Ag/ Ti 02. EXAMPLE 18 W)3-doped ZrQ2 (50°Qg, Engel hard) was treated in a
rotary évaporator at SyRgpoVCSiht(BS ) veryumbirsedsatl 1W0Vmin ©o20ACHImhgre it was

Co( NG3) 6H20 (.40 foll d ] | ci i 250C i 1.5.L/m ir., P
CoNCD) 0120, B 0 Mo P Sl T 8ol 4 ok By e
at 70C with %t@&yﬁﬁfééu%hﬂfoh%nﬁﬂﬂﬁ@wwg?sé%%@ @Efg@;ﬁ&iﬁ%ﬂéﬁ%% at.

Pt (NH3) 4(NG3)2 (25 ng) followed by cal cination mn air.
Part of this 258t@m &l5 I¢/himpirwdbistmatatiddvasithen tredted in etobqyy eedporatat at 78°C0C

wi th an aqueous sol uti on containing.A ) foll owed by cal ci nation
At 250C fin B E Aot sORBORSPARRInE CaPyiathn (36 & P HATEN6NBoe & on'
of 25% 5Co/ 0..059  Zr AP MR,

treat e%oi n an?%ﬁtfg%&ﬁgﬁgdrl%}%aﬁ%c Wi t'EEgg}% %ng%ﬂeous sé‘%ﬁ?%ﬁﬂ

cont ai ni ng CdfchiR8 )ifs ki2Gtafyls&apratoo bt HNENwitly aic aneionssdlativnadonBififss AigivCh.(62 L/ mi n

air. This mater.i was then.treated in a rotary evaporator at 70C with an
aqueous sol utW@n%hBWF‘iibﬁi%&‘%‘PNO%)Qéﬂﬁ I 145 méhﬁl‘fli?(f’%%‘) A(REEdysH Withoa ny)

foll owed by galghiabinBhsiBdn &2 /0l ptAbiNA stionbifly;@f this material (1
g) was 17 8 Noverrber92(504n 1856- 02402 ?rea’f’eﬁg}sﬁ{og@o:sﬁ%? evaporator at 70C

with an aqueous sol ution containi ngEXMNABLE31 ny) fol lowed by cal cination
oo SoRa e S e e 6 "
cal cined at LCiglritol Ut 2RPE wihehP alpheoli@Ssolution containing Co(NO3)*6H,0 (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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kept for 4 hours.

Part of this materi al

(8 g was treated in a rotary

evaporator at 70C with an aqueous sol ution containi ng Co(808yesH202q08. 4 g) -
This materi al
ary evaporator at 70C w th an aqueous sol ution containing
Co( NGB) 6H20 (5.6 g) and Pt (NH3)4(NX®) 2 (8 10 ng) followed by cal cination at
250C in 1.5 L/mn air.

fol | oned by
treated in

1858108

6@'“ on at

250C in 1.

Part of th|§~

5L/mn air.

e ol

g) was

was t hen

treated in a rotary

evaporator at 70C with an agueous so t| o taining AgJNO3 (62 nmg)
foll owed by cal ciBat{i on at 250C Catalyst5 L/ m n air todptain a cathlyst with
a nom nal conpogNi.i|om {obt ES%gC()/(ﬂhg}S%l ¢r2% Ag/ SptoapalithM Figk EXAVPLE 21
15 Si O2/ A1203 (20-g.} 14/250esh (1.410 m) was/ treated in a rptary
evaporator at 70CGwi|t h |an dquéoyis sol u’ﬂz@m cont a| rﬁlng COTNUB)GHZO (16 g)
fol |l owed by cal cinati-of—at200CHA—T i . port Ry is
material (7 g) was tﬁ?‘eat eg ?ﬁ a rot aégr‘ﬁl 9&6 ht or10§1t 70 %ﬁth an aqueous
sol ution contai nj g {64 NOJ) 620" (4. 9\gp, 208, Pt ( JATNOp& (7 ng) foll owed
by cal ci nati on ajt 230C120 iln 1.5 L/niph air. A Dor??on of |[this material was
then (2 g) treatied i|20a rotlary |evapopdi@ at 7003wsth am.8fueoup sol ution
cont ai ni ng AgNOB3L{-62—ng)-fgllowed by | calcinationat 250C in 1. 5/L/mn air
to obtain a catal ys{2th 4 roninal cMr%Msﬂl on [Bf1025% 8710. 05% Pt/ 2%
Ag/ Si 02- A1203. BXAMPLET22 25 Firgh por fome A2 (20 nget-hard ]
6568-2-1) was tr}evagt e*lgfi n rqgtary evaporéggr at 70 fvmth ;)ngde;queous sol ution
cont ai ni ng Co( N(B)6H2©|(16 {g)2 fohlrawed,dy calci nﬁgg on af@50C iph 1.5 L/mn
air. Aportiongif thisimatgrial 1(5 g)lwas treated in a rotary eyaporator
at 70C with an ajgl®ods |sol ytidn @drRlaWOn@r@o(l Q)6H20 0(8 5 g) and Re207
(65 nmg) foll owedbyreatretrrgtt+en i ortion of
this material (1 Sg :%/Qs t hgn {2 Q-) 310881 r$J92r PZry ep bratof at 70C
with an aqueous |sg} Ubkam §qnial hing A (3T Tg)|4k0lT ow%pg 952 ci nation
at 250Cin 1.5 mn aijr tao obtain a catalyst witlh a nomn conposi tion of
25% Co/ |% Re/ 2%4RAg2A1203.] 18 8 Noveﬁhmridﬁ@%O];856802402)85ABLE P (2250)
Ex. Cat al yst Cl11+ Ne—baPt-AgOherSupportPreductivvityAlpha—CLOAL203<IN. D.
4152. 55ul fat ed Zr E2]680.B5 |- 2 Bentonite 777 |0-84/0.93

1512010.02] 10 Al;Os 374 0.91

16 [25]10.05] 2 Zeolite RHO 73 0.84/0.68

17 [ 2510.05] 25 TiO, 294 0.92

18125(005( 2 WO;-ZrO, 70 0.89

19 12510.05| 2 AL Os 344 0.87

20 [2510.05| 2 Sylopol™ SiQ, |227 0.88

21 125|005 2 Si02-A1,04 88 0.86

22 25 2 1 Re |ALO; 278 0.9

23 125 2 | 0.1Pd |A1203 19.3 0.88

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).
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5252W08- Zr 02590. 88 6202A12083150. 88 7252MCM 412400. 91 8252H- Bet a910. 89
92520.1 RuA12033880.9 102520.1 RuWO3-Zr 02700. 8 112020. 1 RuSibeipdled 2004
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CTUAT U

oor ¢ LabalystIless

I.\J UL TUT

o have
St ||uV||3

conmparing sil
conposition a
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general 'y ing

its alpha to

Tabl e 3 Cat al

1 2420A12031936

2720. 0252A12(

nd 5 sujppo 49N yvor  The rledul ts!of these
| Bt Tt EOther |TeSuppart ||t BrogpetivitiotpediIbha suppor t
Geoupden, the additi . silver t catal yst formul ati on
reages ftie| Cl1l+H ivi tx,0of that fprymul alionggeand |raises
an xaccepj@pl e Tevel (1.4. >R 8). 19 8 javenber. 2pgd 1856- 02402
AT TR A TRV SABAC): VA S RS C A BT Tl Ay
S I i B R0, 355 0.94
Group 2
28 20 {0.041 AlO; <1 <1
29 8.910.032 Al,Os 140 0.84/0.93
30 10 Al O, <1 <]
Group 3
31 16 AlF; <1 <]
32 301 0.05 AlF; <1 <1
33 251 0.05 AlF, 44.2 0.82/0.93
Group 4
34 25| 0.05 Bentonite <1 <1
35 25| 0.5 Bentonite 76.9 0.84/0.93
Group 5
36 25 | 0.05 MCM-41 33.6 0.83
37 25 MCM-41 48.5 0.83
Group 6 :
38 25 | 0.05 Zeolite(TMP) 37.7 0.81/0.62
{Calsicat)
39 25| 0.05 Zeolite(TMP) 50 0.82/0.51
(Calsicat)
Group 7
40 251 0.05 C-5i02 119 0.87
41 251 0.05 C-5i02 181 0.87
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G oup 2 28200. 041A 208<1<1 298. 90. 0320. 9A12031400. 84/ 0. 93 3010A12(B3<1<1
Group 3 3116Al F3<1<l 32300. 05AI F3<1<1 33250. 055AI F344. 20. 82 NOveadeR@4p 4
34250. 05Bent oni t e<l<1l 35250. 52Bent oni te76. 90. 84/ 0. 93 G oup 5

36250. 05MCM 4133. 60. 83 37252MCM 4148. 50. 83 G oup 6 38250. 05Zeol i't e( TMP)
'37.70.81/0.62 (Cal sicat) 39250.052Zeolite(TMP) 500.82/0.51 (Cal sicat) 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, conprising contacting a feed stream
conprising hydrogen and carbon nonoxide with a catalyst in a reaction zone
mai nt ai ned at conversion- pronoting conditions effective to produce an

ef fl uent stream conprising hydrocarbons, wherein the catal yst conprises
(a) cobalt, (b) catalyst support, (c) CL&IMGer | and (d) a pronoter selected .
fromthe group consisting of rhenium rut henl um plati num and conbi nati ons
t hereof, wherein the catalytic activity of the catalyst is increased by

t he adﬂ'A ';%béé& fﬁi biﬂtﬁihcmé hyahﬁ:aﬂfoﬁ§e§(§n&fsw§| é(br{fécjhnwrfé‘é@ sir@@mr@dm&.sm‘
cobalt to silver is between 2.0 process of claiml vvherel n
the cdBYErager e fasken moppxig ¥ith aleatﬁustalﬂomfea&@oma@@ painidned abropypssippt

cat al yrbémufigdinditions 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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4. The.process of claiml1 wherein the catalytically active netal conprises
cobalt and platinum 5. The process of claim4 wherein thestatehbes 2004

i ncl udes platinum the cobalt content is from about 10 to about 25 nole
percent, and the platinumcontent is fromabout 0.001 to 5 nole  percent.

6. The process of claim1l wherein,the silver is present in an anount of
fromabout 0.01%to about 10% based on the total weight of the catal yst.

7. The process of claim 1l wherein the produced hydrocarbons have a paraffin
to olefin nolar ratio for C5+ hydrocarbons of at least 1.2: 1. 8. The
process of claiml|l wherein the support is selected fromthe group
consisting of alumna, zirconia, silica, titania, and conbinations
thereof. 9. The process of claim1 wherein the support is selected fromthe
group consisting of Ale 03, ZrQ2, sulfated Zr02, WBZr2, MCM 41, H Beta,
Sy 0p0||0 ‘ﬁﬂ@arocé‘éé:&,cld‘udﬁ%ﬁéﬂé‘xﬂ tl%elgéiél st R84 bne %ﬁ&‘e‘ &r&ﬁﬁg ?\% %%fr@r'ﬂd

Si O2- Al 233, nol ecul ar si eves, t1ons t er eof 2004

10. THEle Broye &egsigifngcaf Aanky Rﬁh@ﬁ-e'l"ﬁr @hesrc Beafyshg.dumsic Yeba.ofieZoHfndrNb,

prormt-l%rﬁhspa@qupfrm{ng phenpreoup consisting of Na, K Rb, Cs, My, Ca, Sr,
Ba, Cu, Ag, Sc¢, 'Y, ‘La, " Ti, Zr, Hf, V, Nb, TaRthCSIrPtNh

B, P, and Re 11 The process of claim 10 wherein the pronoter conprises

from afotthe BhrO&kstd? cEimM ) Ghelfil ﬁﬁnfnroﬁicotér [ms@% g&ﬁfagl)o& 6§‘Ptto 26%mote

Fi scher-Tropsch catal yst conprising (a) cat al'yst sdapport, (c)
si | verPereghtiofithe tofal metdleepient. sel ect ed from t he group consisting of rhenium
rut heni um plati numand conbi nati ons thereof. 13. The catalyst of claim 12
“wherein the ratio of cobalt to silver is between about 2.0 and 12.5. 14.

The cadRaf\ydicherTopasheatalysiicerprising k@) cobplhi (b) @ satahisteupppriote) alivest andy(d) e
about p3Gm#et SeledlSd ﬁ@ﬂtth@br&}P%oHQEtﬁlg Sahatiym! rmnﬂl?ﬁ létﬁmmT%rﬁrbﬁtﬁlﬁh%{

claim 12 wherein the catalytically active met al corrprlses

pl at i AP 6. 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
cat al yst st of claim 12 wherein the produced hydrocarbons
have é%ﬁ'?ﬂ?qti"ﬁﬂt%c'@i"@# Whetsireihe ratig of gobalf tociiveniy Beteanisbadt 20 aad 12.8ast
1.2:1. 18. The process of claim 12 wherein the support is selected fromthe
gr oup COI’ISI sting o alumina, zirconia, silica, titania, and conbi nations

t her edft: The caighist é’étcl&‘lr?s? wherenging cppaliycemerises: fiemsahspdri0 tosabost 88trelef r om

t he gf@ﬂj@np@ﬁ'méﬁﬁé[@gta%fw gO3, Zr2, sulfated Zr02, WOB-Zr(Q2, 141203,
H Bet a, Syl opol 2, AlF3, fI uori ded A1203,

156. 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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bentonite, Zeolite RHO - T102, and Si 02-Al 203, nol ecul ar sieves, and

conbi nations thereof. 22 8 Novenber 2004 20. The catal yst 8&Nordratieni200z

- wherein the catal yst further conprises one or nore pronoters selected from
the group consisting of Na, K, Rb, Cs, My, Ca, Sr, Ba, Cu, Ag, Au, Sc, Y,
La, Ti, Zr, H, V, Nb, Ta, Rh, Pd, Gs, Ir, Pt, M, B, P, and Re. 21. The
catal yst of claim 20 wherein the pronoter conprises fromabout 0.001 to 20
nole percent of the total nmetal content 22. The catal yst of claim 12
wherein the catalytically active netal conprises cobalt and platinum the
cobalt content is fromabout 10 to about 25 nole percent, and the plati num
content is fromabout 0.001 to 5 nole percent. 23. A Fischer-Tropsch

catal yst conprising cobalt, a pronoter and silver supported on a support
selected fromthe group consisting of A1203, Zr02, sulfated ZrQ2, W3-Zr 2=

Al 203i00 Mk %&ta:ﬂét oBelafin 1§YJvﬁél€in t'ﬁ'eoc?atalfétﬁ%ﬁhéﬂ btﬂﬁ;br%%@ M&?’m WEEEEF&E&&:%

Zeolite Ti 02, and Si 02-A ecul ar si eves, ations

t her e§f ec‘ﬁﬂéﬁ"@l Wetgﬁ‘éipp‘FW'@ﬁ Of Nagl| RiptGed Mg 67a. tsfﬁeB@yer d\g ef‘d)*n§i3-s‘{| g Tof
rheni g HET UL ie N B, Pd,abd, P, e 5 PRkl ons thereof. 23

21. The catalyst of claim 20 wherein the promoter comprises from about 0.001 to 20 mole
percent of the total metal content

22. The catalyst of claim 12 wherein the catalytically active metal comprises cobalt and
platinum, the cobalt content is from about 10 to about 25 mole percent, and the platinum content
is from about 0.001 fo 5 mole percent.

23. A Fischer-Tropsch catalyst 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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