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of the Invention This invention relates to a process, or nethod, for the
production of a high activity catal yst by dispersion of rheniumand a
catalytic netal, or nmetals, particularly copper or an Iron G oup netal,

notably cobalt, ontq ﬁ EEE raﬁi;ﬁif : EY;.&&@WN ably titani a;
the catalyst; itsr ducting carban
nonoxi de hydrogenati on reggth ¢St 4 Bed Ahdp Mropsch reactions.
Background Car bon nonoxi de T LR "l"; wel | known. For
exanpl e, Fischer-Tropsch synthesis processes, or processes for the

catal ytic conversion of synthesis gas, i.e., a m.xture of hydrogen and
carbon nonoxide, to high quality distillate fuels or mxtures of CJerr]+
l'iquid hyd 'ij‘r ns, are.wel |l known. For exanple, the Goup VIII non-noble
net al s, irt!@-—&gm, Ve ni ckel have been widely used to catal yze .

Fi scher-Tropsch reactions, and these netals have been deposited on various
supports, and pronoted with various other netals. In U.S. Patent 4,568, 663,

e.g., there is discl Shisinyeqtiontalatesto aipracasgpor methad, for theproductionyh y
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and use of the catalyst for conducting carbon monoxide hydrogenation

reactions, especially Fischer-Tropsch reactions.

Background

Carbon monoxide hydrogenation reactions are well known. For
example, Fischer-Tropsch synthesis processes, or processes for the catalytic
conversion of synthesis gas, i.e., a mixture of hydrogen and carbon monoxide, |
to high quality distillate fuels or mixtures of Cs+ liquid hydrocarbons are well
known. For example, the Group VIII non-noble metals, iron, cobalt, and nickel
have been widely used to catalyze Fischer-Tropsch reactions, and these metals
have been deposited on various supporfs, and promoted with various other
metals. InU.S. Patent 4,568,663, e.g., there is disclosed a process of this type

 which utilizes a highly active catalyst composition constituted of cobalt-
rhenium-titania, Co-Re-TiO;. This catalyst is made, e.g., by impregnating a
concentrated aqueous solution of cobalt nitrate and perrhenic acid onto a titania
support by the conventional incipient wetness method, drymg, and then
calcining to decompose the nitrate salt to the oxide. Several important
functions are served by the rhenium. A major function is served by rhenium

during the calcination of the catalyst, during which cobalt nitrate decomposes



functions are served by the rhenium A mgjor function is served by rhenium
during theweakardigti on of the catalyst, during which -cobal t pOT/US8I05888 -
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become nmore highly dispersed. It also pr2serves the cobalt oxide in highly
di spersed state under high tenperature oxidizing conditions, such as is
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the rheniumto lower the tenperature of the reduction of cobalt” oxide to

the zero valdispersed! dt alsopreservessthe @gbalt ectidecinddphisvdisperseéd state under.  Rheni um
makes it easier to nore fully reduge the cobalt. Hi gh dispersal, and full
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1,914,557 there Is discldsed the use of carboxylic acids, e.g., malic acid,
as conpl exi Highdispessal,raniddnllrednetion of theodobmitmesultsih amfort acivetatalyst. A
solution of a "netalli c-organo conpl ex" is evaporated onto a _support as an
adher ent st iThisresult howsver daes not came withgut cests foryrheniumeiscpratativelyf  whi ch
does not readiél}/.flake or,.du off,, In U S Pa(i?nt 4,409,131 t.here is

expernsive commodity. Thus, there exists a need for medns to'better disperse

the cobalt with a lesser amount of rhenium, find means for recovering the

thenium, or find other more available, less expensive materials for promoting

the dispersion, and reduction of the metals.

In U.S. Patent 1,914,557 there is disclosed the use of carboxylic
acids, e.g., malic acid, as complexing agents in the preparation of supported
metal catalysts. A solution of a "metallic-organo complex" is evaporated onto a
support as an adherent sticky mass, or coating, forming a catalyst the coating of
which does not readily flake or dust off. In U.S. Patent 4,409,131 there is

 disclosed the preparation of supported catalysts containing cobalt or nickel and
molybdenum made by impregnation of the support with stable solutions of '
cobalt or nickel complexed with carboxylic acid, e.g., citric acid, compatible
with ammonium molybdate. U.S. Patent 4,568,449 discloses a process for
preparing catalysts wherein a support is premoistened in a first step with a
carboxylic acid, and second step wherein the support is impregnated with a
solution containing molybdenum, nickel and phosphorué. In accordance with
U.S. Patent 4,568,450 codeposition of metals and carboxylic acid is made from

a single solution in forming the supported catalyst.



di scl osed the preparation of supported catal ysts containing cobalt or
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sol utions of cobalt or nickel conplexed with carboxylic acid, e.g., citric
acid, conpatible with ammoni um nol ybdates U S. Patent 4,568, 449 discloses a-
process for preparing catalysts wherein a support is prenoistened in a
first step with a cag o§ylicg@cid, and second step wherein the support is
i mpr egnat ed tai ni ng nol ybdenum nickel and phosphorus.
In accordance with U S. Patent 4,568,450 codeposition of netals and
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support, preferably titania, is impregnated with (a) a compound, or salt, of a

catalytic metal, or metals, suitably copper or an Iron Group metal, (b) a
compound, or salt, of thenium, and (c) a multi-functional carboxylic acid. In
impregnating the support, the support is contacted, preferably, with a single
solution containing all of (a), (b), and (c). The multi-functional carboxylic acid |
is sufficient to distribute the compound or salt of the catalytic metal, copper or
Tron Group metal in highly dispersed form, onto the support; and, the rhenium
is sufficient to produce full reduction of the dispersed metal. Whereas rhenium
has been used in the paSt to produce both of these functions, a far lesser amount
. of rhenium is required to produce both dispersion and reduction of the metal

when the rhenium is used in conjunction with the acid.

- The multi-functional carboxylic acid is characterized as having
the formula
~ HOOC-(CRR"), -COOH

wherein n is an integer defining the length of the chain of carbon atoms
between the two terminal carboxylic acid groups and is equal to or greater than
1 and can range as high as about 4, and preferabiy n ranges from about 2 to
about 3; and substituents R and R' are the same or different, and are selected



conpound, or salt, of rhenium and (c) a nulti-functional carboxylic acid.
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hydrocarbon groups per se, or hydrocarbon groups whi ch cont ai'n oxygen,

nitrogen, or the like, suitably alkyl, e.g., nethyl, ethyl, propyl, etc.,
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It has been found that the copper or Iron Group metal can be

‘more effectively dispersed onto the support via use of the mulﬁ-funct_ional
carboxylic acid than with rhenium, as a consequence of which no rhenium is
required to effect a full, and complete dispersion of the catalytic metal, or
metals. However, some rhenium is required since its presence enables a more
complete and full reduction of the dispersed copper or Iron Group metal to the
zero valent state. Accordingly, in the practicé of this invention, a small amount
of a compound or salt of thenium, and both a compound or salt of copper or an
Iron Group metal and a multi-functional carboxylic acid, are employed to
disperse the copper or Iron Group metal, and rhenium, onto the solids support
component of the catalyst during the impregnation; dispersion of the copper or
Iron Group metal into tile preformed catalyst resulting from the presence of
multi-functional carboxylic acid, while the rhenium is effective in permitting
full reduction of the catalyst after calcination. The copper or Iron Group metal
compound, and rhenium compound, are thus effectively dispersed during the
impregnation step, and during calcination the multi-functional carboxylic acid
is removed by combustion leaving behind crystallites of well dispersed oxides
of the. copper or Iron Group metal and the thenium. Essentially complete
reduction of the crystallites of the metals is achieved on contact of the calcined
catalyst with a red_ucing agent, e.g., hydrogen. Surprisingly, in the preparation

of a catalyst it is found that considerably less rhenium is required overall when



al koxy and the like. Malonic acid, aspartic acid, tartaric acid, succinic
aci d, citW@9s4%6t8 gl utaric.acid, glutamc acid, adipic aciRETUSHOTERE || ke
are exerrpl ary of these multi-functional carboxylic acids. It has been found
that the copper or Iron Goup netal can_be nore effectively dispersed onto.
t he support via use of the rrultl-functiénal carboxylic acid than with
rhenium as a consequence of which no rheniumis required to effect a full,
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presence of provessi conditiorsy mededardpreparation@therwise siemilarexcopthatitlies
effective |n perm-tting full reduction of the catal yst after, cal cination.
The copper ecatalystow mwuiss@ﬁ@mulu-ﬁmt:mhm Mﬁ)&@dd are thus
effectively dispersed during the inpregnation step, and during cal cination
the multi-functional carboxylic acid is renoved by conmbustion | eaving
behind crystallites of well dispersed oxides of the copper or Iron G oup
netal and thtgﬂ_h_é_@Ment lally conplete reduction of the crystallites
of the nmetals is achieved on contact of the calcined catalyst with. a
reduci ng agent,.e.g., hydrogen. Surprisingly, in the preparation of a

\mt alyst it is found The canysis seerfobined bysdepositivnof the caedytic attaly of al |
en

metals, on a previously pilled, pelleted, beaded, extruded, spray dried, or
sieved support material by the impregnation method. In preparing the catalysts, -
the metals are deposited from solution on the support in preselected amounts to

“provide the desired absolute amounts, and weight ratios of the metals being
deposited. Catalysts constituted of cobalt and rhenium supported on titania, or
a titania-containing support, with or without the addition of an additional metal,
or metals, promoter or modifier, e. g., ruthenium, hafnium, zirconium, titanium,

| chromium, thoria, copper, etc., exhibit superior hydrocarbon synthesis
characteristics and provide high selectivities in the conversion of synthesis gas
to C5+ hydrocarbon liquids. Suitably, the metals are codeposited by contact -

- and treatment of the suppbrt with a solution, suitably an aqueous solution,
which contains the multi-functional carboxylic acid, e.g., glutamic acid, in
addition to the compound or salt of the copper or Iron Group metal, e.g., cobalt,
or the compound or salt of the thenium, or both the compound or salt of the

copper or Iron Group metal and the compound or salt of the rhenium.

The catalytic 'metal,- copper or Iron Group metal, and the rthenium
can be deposited from solution in sequence, or codeposited from the same
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Fi scher-Tropsch reaction, than with a rduced catal yst of correspondi ng
conposition, used in a sim/lar carbon nonoxide hydrogenation or

Fi scher - Tr dpgtbgratingtsolution, andrth¢ multi+fanetionat @atbd)dﬁﬁnsacidmahe ben a
preparation otherw se sim!lar except that the catalyst was made w t hout use
of a nul ti -depositedfram solnton-jn sequence withethei coppenor ronGranp metalcandal yst s
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~titania, ofinfpregiaiona-Preférably ovevepphemulti-functibnal ¢arboxylidaciddsli ti on of
an additional” nmetal, or netals, pronmoter or nodifier, e.g., ruthenium

haf ni um zi cadepositad withahe coppertordronuGrouphmetal anddtpe shenivm . The volume
superi or hydfocarbon, synthesis characteristi¢cs and_provide_hig
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ambient or elevated temperature.  Preferably, the impregnation is carried out at

conditions of incipient wetness, and at essentially ambient temperature. In
accordance with the incipient wetness technique, as is known, the volume of
the impregnating solution and amount of metals is predetermined to correspond
to the maximum volume which will just fill the internal pore volume of the
support, with no liquid in excess on impregnation of the support. Various
refractory inorganic oxide supports are useful in the formation of catalysts
pursuant to the practice of this invention. Exemplary of such supports are
titania, which is preferred, silica, silica-alumina, alumina, and the like.

Highly concentrated metal salt solutions are most desirable for
preparing hydrocarbon synthesis catalysts because they generate the highest
metal loading per impregnation, higher metal loadings leading in turn to higher
catalytic activity. Common salts or compounds of the catalytic metals can
generally be used. However, it has been found that the nﬁraté salt, especially
in the case of cobalt is preferred because it is the most readily available and
least expensive salt and, more importantly, it possesses the highest degree of
solubility in water. Cobalt acetate fs also suitable, although it is less water
soluble. Cobalt chloride and sulfate are not suitable for making hydrocai‘bon

synthesis catalysts, presumably because of poisoning by residual anions not



and treatnent of the support with a solution, suitably an a |.ution,
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in addition to the conmpound or salt of the copper or Iron Goup netal, :
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a catalytic nmetal, or ne or it can be deposited fromsolution by a
separ at e i npompowndsoare the eommdn waterseluble ones; espedially perrhenicadcid andoxyl i c
acid is codeposited with the copper or Iron Goup netal and the rhenium
The vol une umnqmgm:hengtesol ution used in an inpregnation usually ranges
fromabout 1 to about 20 tines the volunme of the support, and is generally
carried out at anbient or elevated tenperature. Preferably, the

i npregnation is carri adi 4 Red @k QL nd at
essent ially arrbi ent tgﬂrﬁg?lgatlﬁceﬁﬁfﬂ’ g@ﬁggr&dﬁﬂfﬁgﬂfﬁ@?y wet ness
techni que, gsbdl€ ikaddéd to the supportin @mount sufficient to provide from about 2

percent to about 50 percent, preferably from about 5 percent to about 35

percent of the elemental metal, based on the total weight of the finished catalyst

(dry basis). The maximum metal loading that can be obtained per impregnation
‘will depend upon the support pore volume, which will in turn depend upon the
support composition, and the metal concentration in the impregnating solution.
Multiple impregnation/calcination steps may be used to obtain high final metal

loadings. Other metals, e.g., thorium, cerium, hafnium, uranium and the like
can be added if desired to modify or promote the activity of the finished
catalyst. These metals when present are added in weight ratio to copper or Iron

" Group metal rangmg above about 0.01:1, preferably from about 0.025:1 to
about 0.1:1. Rhenium is added to the support in concentration sufficient to
provide a weight ratio of elemental rhenium:elemental copper or Iron Group
metal (e.g., Re/Co weight ratio) in the finished catalyst ranging from about
0.005:1 to about 0.2:1, preferably from about 0.01:1 to about 0.1:1 (dry basis).
The multi-functional cérboxylic acid is added to the support in concentration
sufficient to disperse the copper or Iron Group metal compound throughout the
support, from about 2 percent to about 30 percent, preferably from about 6
percent to about 25 percent, of the multi-functional carboxylic acid generally

- being adequate to fully accomplish this objective; and it does this even more

effectively than the rhenium. Preferably, the multi-functional carboxylic acid
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t he i-npregnating solution and anount of netals is predetermned to
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vol ume of the support, with no liquid in excess on inpregnation of the
support. Various refractory inorgani c oxide supports are useful in the
formation of catalysts pursuant to tie practice of this invention.
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renoved in the cal ci nation, Qgggrdless of the pronotion of diiggrsion by
nul ti- f multifumctionalzcasboxyliccacid isiburned) cembustedand removeddfrem they be used,
| i ke al coho] s tones and.the l.ike, but ar enerally not preferred
because gmiy;tveﬁe cataiyst is then activated by reduct?or?, su?tagiy gy contact Wfit?l

hydrogen at temperature ranging from about 250°C to about 550°C, preferably

from about 275°C to about 425°C, for periods ranging from about 0.5 hour to
about 24 hours at pressures ranging from above ambient to about 40

atmospheres.

' The catalyst produced in accordance with this invention,
particularly those comprised of the Iron Group metals, corresponds in
composition to those known, and useful in the conversion of synthesis gas to
waxy, paraffinic Cs+ hydrocarbons. The Fischer-Tropsch, F-T, or hydro-

 carbon synthesis process is carried out at temperatures of about 160°C to about

325¢°C, preferably from about 190°C to about 260°C, pressures of about 5 atm
to about 100 atm, preferably about 10-40 atm and gas hourly space velocities of
from about 300 V/Hr/V to about 20,000 V/H1/V, preferably from about 500
V/Hr/V to about 15,000 V/Hr/V. The stoichiometric ratio of hydrogen to |
carbon monoxide in the synthesis gas is about 2.1:1 for the production of
higher hydrocarbons. However, Ho/CO ratios of 1:1 to about 4:1, preferably
about 1.5:1 to about 2.5:1, more preferably about 1.8:1 to about 2.2:1 can be
employed. These reaction conditions are well known and a particular set of _

- reaction conditions can be readily determined by those skilled in the art. The
reaction may be carried out in virtually any. type reactor, e.g., fixed bed,



metal salt solubility and added manufacturing cost. Suitahle rhenium
compound¥QP¥HHe common wat er sol ubl e ones, especially peqqeﬂgﬁ 07888 d and
ammoni um-perrhenate. The catalytic netal, copper or Iron Goup netal,
preferably cobalt, is added to the su ort i n anount sufficient to provide.
from about 2 percent to about 50 percent, preferably from about 5 percent
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car boxyl i H%&‘bbﬂ'lioﬁs asbiftinite hgl? qealityGrarafiih SoNERS Whith,df desﬁéd,c‘daarne to

di sperse the copper or Iron oup nmetal conpound throughout the support,

f r om abouhydrotreatedrto remoab olbefuimpurities; tor employediisithoirt hydetreating tper cent
to about 25 percent, of the_nulti-functional carboxylic acid generally
bei ng adeamiﬁ'é I‘f@%&@fﬁﬁﬁ'ﬂ@’ﬂ%‘ﬁ%l’&ﬂ“&& i e réggtor wagtrCrstii s even

ore liquid hydrocarbons from the F-T reactor, on the other hand, can be upgraded

by various hydroconversion reactions, ¢.g., hydrocracking, hydroisomerization,
catalytic dewaxing, isodewaxing, etc., or combinations thereof, to produce such
products as stable, environmentally benign, non-toxic mid-distillates, diesel and
jet fuels, e.g., low freeze point jet fuel, high cetane jet fuel etc., isoparaffinic
solvents, lubricants, e.g., lube oil blending components and lube oil base stocks
suitable for transportanon vehicles, non-toxic drilling oils suitable for use in
drilling muds, technical and medicinal grade white oils, chemical raw materials

and various specialty products.

The following non-limiting examples, and comparative
demonstrations, exemplify the more salient and preferred embodiments of the

invention.



effectively than the rhenium Preferably, the multi-functional carboxylic
acid Weo 984761918 : : PCT/US98/07888 - -
PCT/ US98/ 07888 8 is added to netal salt inpregnating solution such that the
mol e ratio of the carboxylic acid conppund to netal is about 0.1:1 to about
0.6:1, preferably - fromabout 0.2:1 t¥ about 0.5:1. The catal yst, after

i npregnation, is dried by heating, suitably at tenperatures ranging from
about , 30[6}5,@@]@9 about 120[err]C, in an air, nitrogen or other gas stream
or under vacuum The netals are converted to an oxide form by cal cination,
suitably at tenperature ranging from about 200[err]C to about 550[err]C,

preferably from abou Qﬂ.{? Ql%h ] 8‘%% L functi onal

carboxyli-c acid is b‘ﬁrsﬁég'{’ Sgg%@t};ss%eg, _rgﬂr_eme)g\ye rre m t ﬁcs:%(??st. The

cat al yst 'gexiem 2pitiléirastative tegis sipport Biit intlulingalaminasid wlica, hydr ogen
at- tenperdture ranging from about 250[err]C to about 550[err]C, preferably
f r om about witha conckitrated aiqueousistiitton bLcobalt niteate and perrhemiccid vra about 0.5
hour to about 24 hours at pressures ranging from ahove anbi‘ﬁnt to about 40

at nospher ethe intipiesnd veatness tephague: dln mos| preparajiens, as tabulatednt | on,
Conposi t | JHErERAn GUISTRRERL SRptRSBl EFTOORYin BEIdS NGF SRS MPAlsi & gas
hydr o carBBALLbcrte GEid SOLMIGHE B oS fiydciflal GBSy QPR Ebmerglly O1,
160[ err] C $&gng'ad8éd in concentration of 0.306 mole per mole of elemental cobalt. The
* amount of water present in each impregnating solution was adjusted for the
wéfght of the acid Addéd to maintain a constant 15 wt.% cobalt, calculated as

elemental cobalt, in the solution. In a base case preparation, for comparative
purposes, no multi-functional carboxylic acid was added to the cobalt
nitrate/perrhenic acid solution. In some cases the catalysts were made by single
impregnations (about 7 wt.% Co in the finished catalysts) in the exploration of
preparatioh variables. In other cases, a second impregnation was applied to
increase metals loadings and produce finished catalysts more typical of those
which may be employed in large scale operations. In each preparation, after
'-impregnaﬁon-th-e- catalyst was dried and then calcined in air to decompose the

nitrate salt to the oxide and burn off the organic additive.

| Most of the preps were made with a spray-dried titania support.
Two batches were used which were obtained by calcining the raw spray-dried
suppbr_t at two different temperatures, as indicated in the following table. An
extruded alumina support ground to 63-125 micron size and a spray-dried silica

support were alsoused in a few examples.
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325[ err] r ef er abl y from about 190[err]C to about 260[err res of
about 5 awsé'%out 100 at'm preferably about 10-40 atm a#é%%%ﬁi%ﬁ ’
space velocities of-fromabout 300 V/H/V to about 20,000 V/Hr/V, - :
preferably from about 500 V/Hr/V to abppt 15,000 V/ Hr/V. The stoichionetric
rati o of hydrogen to carbon nonoxide in the synthesis gas is about 2.1:1
for the production of higher hydrocarbons. However, Herr]/COratios of 1:1
to about 4:1, preferably about 1. 5 1 to about 2.5: 1 nore preferably about
1.8:1 to gjeen . STt T Ot Ut oSy |
ondSmrfacsAtw be H.hPotey det er fi ned
by those gkil 'B@sxgﬁaﬁ&? ar

Tmnﬁ.e:@t iqn may Cg:ar ri ef Vglhmie) c¥/g’ t valll y

AI\[‘\ 09/ /I7R‘I

fluidized Eed, slurry, bubbling bed, etc. {The

frorpobbe F T reactogg or rea}ct@33uti l'izingi{the
cat al yst he—§ LLm.s—mmu-gJH-s_a.n_e.ss.e-nt-L-él |y

non- sul fur} on- arorratlcs cont ai ni ng hydfocarbon. It is{a

l'iquid prgduct (Z)an’b pr od d and shi ppedqf rom-a regygpe area tola

reflnery 3 1e fnr 1rt.her hem call YA i ﬂ_ng_én_a_m_i_e;y of
pr oduct s, pr.%g%% and 4pgr ad5'4b at a frefineryggsite. ﬁep@ast or produdts
taken fror§the reactorHll hot separator and col ¢ separator |iqdids,
respectivery, Clerr] hycrocar bonsm CaNnst gt u{ 827“ gh qual ity

paraffin Ivent§ﬂWﬂ ch, if de5|# , can

waxy, or

(1)  94% Rutile - 6% Anatase TiO;
(2)  27% Rutile - 73% Anatase TiO; -

Each of the catalysts were characterized by the following tests.

O; Chemisorption;: measured with O; pulses in helium at
25¢°C after reduction in hydrogen at 450°C. Results are expressed as
: mlcromoles O; per gram and as an O/Co atomic ratio. The oxygen chemi-

sorption is a measure of the relative dispersion of cobalt oxide on the support.

Fixed Bed Hydrocarbon Synthesis (HCS) Test: conducted at
200°C, 280 psig, with a syn gas feed of 65Hz-31CO-4Ne and GHSV
adjusted as required to give conversion around 70% at 16-20 hours on stream.
Catalysts were diluted with 1-7 parts by volume of titania to minimize |
temperature gradients in a 0.25 inch ID reactor, used to conduct the test. Prior
to introducing the syn gas, the catalyst is reduced in situ in hydrogen .for one

hour at the temperature shown in the Tables. Conversion of CO and selectivity
to methane (mole % of CO converted to CH,) are shown in the Tables. Values



hydrotreated to renove olefin inpurities, or enployed w thout hydrotreating
to produg®gmméige variety of non-toxic wax products. The PeEWIS8/O7888<, -OF -
Clerr]+ liquid hydrocarbons fromthe F-T reactor, on the other hand, can be
upgraded by vari ous hydroconversion reactions, e.g., hydrocracking,

hydr oi soneri zation, catal ytic dewaxi ngl2i sodewaxi ng, etc., or conbinations
thereof, to produce such products as stable, environnentally benign,

non- t.oxi ¢ fa}d%:gne Jetd\;aﬁn o Qhidh [Rathe @it o litersFCO cbﬁ%rfté&géxe poi nt jet

fuel, high ce etc., | soparaffinic solvents, |ubrictants, e.g.,
| ube oil Ui(ﬁﬁdjeﬁgrmmf@obalt,sarerﬂbd mbhndedlmbaeleofthu:’ﬁablssu tabl e for
transportation vehicles, non-toxic drilling oils suitable for use in
drilling-nmnuds, technl cal and medi ci nal grade white oils,.chenical raw
materials and va rod Js0 limting
exanpl es, 'Eﬂéleclon# St PB&M@S ﬁpf f’ﬁ%‘ﬂg"ﬁ'&‘@ salient and
pr ef erred enbodi nents of the inventi on V\D 98/ 47618

PCT/ US98/ 07888 10 Exanples A series of catal ysts were prepared by
i mpregnating a SUppoTébleqeﬂﬁﬁﬁhhiesathfé%sdlﬁdﬂtaﬁx@gt VAEE différeft muflopor t, but

including alumna and silica, wth a concentrated aqueous so ut I on of

cobal t ni tfuattondlCapisoxylivacidsas impregnation aids ifor dispershighesobatthni que. In
nmost of the preparations, as tabulated

throughout a support. The examples were made with the rutile titania support,
without any rhenium promoter. The key results are given in the last column,
i.e., reference being made to the O/Co chemisorption data. The catalysts are
grouped according to the length of the longest carbon chain in the organic acid.
Example 1 demonstrates for comparative purposes a run made without use of |
any multi-functional carboxylic acid in the preparation. Examples 2-7 show -
minimal improvement when the catalysts are produced by dispersion of the
cobalt with 3C multi-functional carboxylic acids. In Examples 8-14, on the
other hand, wherein 4C to 6C multi-functional carboxylic acids were used in

~ the pfeparations, higher relative dispersions were obtained. These acids give an-
0O/Co ovér_ 0.4 compared to a value ef less than 0.3 for 'thé base case. From a

" list of the structures of the acids tested, the critical structural features of the
preferred acids are shown to have a total carbon chain of at least four atoms,
preferably S atoms. The multi-functional carboxylic acids, it is believed,

| improve cobalt dispérsion by covelfihg the titania surface with a thin "blanket"
of the acid, which provides a trap for molten anhydrous cobalt nitrate as it is

- generated in the pores during the dryi:xg/(:alcination process. In the absence of

| something so polar to bind to, the cobalt salt probably coalesces into larger
crystalhtes as it decomposes to the oxide. The preference for the longer chain
length is especxally mgmﬁcant notmg, e.g., how relatively ineffective a shorter
chain is, like malonic acid. This longer chain, it is believed, does not chelate to

a single species, but rather attaches itself to two entities, the cobalt on one end
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hereafter, different nulti-functional carboxylic acids were dissolved in
cobal t nWom‘lemer rhenic acid solutions, the nulti-functi J{HUPHOBBRy|ic-
acid generally being added in concentration of 0.306 nole per nole of :
el enent al' cobalt. The anount of water _ present in each inpregnating solution
was adjusted for the weight of the acid added to maintain a constant 15

.% cobalt, calculated as elenental cobalt, in the solution. In a base
case . pr epawdttietitanfacon thergthent Theremapppearsam evidencd of edmplexationl car boxylic
acid was added to the cobalt nitrate/ perrhenic aC| d sol utloPm@gbsorre cases

t he cat al betweenei enghﬁam;c@ﬁ ng%a@dqﬂﬂdg}halqwﬂs the starting 50 Yn the

f hed t al h f t bl | th

cases. o URLapRrroRtany thovelhodmBleRalioR ey SetR daeh ag e ikl .1 ngs and.
d f | d

g scahtd S%Zﬂgﬁﬁéﬁﬂéc%‘g%ﬁa ¥ rtekssy THis B fortitafe beBasp® SrP Oved 11

cat al yst e i fgo:%?ﬁxb@ﬁgp&ﬂ'lté 'b@Qﬂud‘.K‘le?:k sohublél emdiace whdldperforie sal t

to the ox e organic additive. Nbst of the preps were made

with a spgcorl glin tit véryxoneentratpd solutions abased hereirer e -used which were
obtai ned by calcining the raw spray-dried support at two different
tenperatures, as indicated in the following table. An extruded al um na

nggolrj;egr?lrjlng ‘EgWG51‘5ﬁq@ﬁmﬁ“%z’&%ﬂggg&pﬁxhpieff il Support vere

PCT/ US98/ 8 s8e§'§ed1, ¥ail to show a significant activity credit despite the nnproved cobalt

dispersion. The problem lies in achieving full reduction of the improved
dispersion; a problem solved by including a small amount of rhenium as

reduction promoter as subsequently illustrated.

Comparison of Example 15 with Examples 16 and 17 illustrates
that the dispersion advantage seen for the two best multi-functional carbdxylic
acids, glutamic acid and citric acid, is also present after a second impregnation
is applied to achieve higher cobalt loading. As will be observed, the
reducibility problem however is danipened somewhat by the higher metal

" loading (it is easier to reduce 12% Co than 7% Co), so an activity credit is
observed to augment the dispersion credit. Example 16 represents a very active
Re-free Co-TiO; catalyst.

Table 2: Effect of Multi-Functional Carboxylic Acid Leading

| ~ The molar ratio of the multi-fanctional carboxylic acid to
elemental cobalt was varied with glutamic acid, citric acid, and tartaric acid, as
shown by Examples 18-29, summarized in Table 2. It is clear from these data
that an optimum ratio exists between about 0.2 and about 0.5, w1th the best
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Cal ci nation Surface Area H20 Pore Designation Tenp. [err]C

n{ err]/ gwo 98/47618\Vol une, cc/g Rutile([err]) . 1000 PCT/US98/07888 19 -
0. 33 Anatase([err]) 500 : 29 - 0.50 Alum na

540 - 189 0.48 Siliga 800 170
1.02 (1) 94% Rutile - 6% Anat ase Ti (ﬁaer r] (2) 27% Rutile - 73% Anat ase

Tiderr] Each of the catalysts were characterized by the follow ng tests.
02 Chenmi sdigpersion creditsoccarring atat@juti0:3 mole of acidperanolerofaobalifer allC af t er
reduction in hydrogen_ at 4500C., Results are expregsed _.as njcronples Jerr]
per gram dhigeaeidsn ¢his 53119 may\reflgct more ﬁwmm parkhto s a

measure of, the reJative dis sion of .cobal lde _on the suppert: Fixed
Bed Hydroélé? B‘W"éﬂ [ i@f%@@g&? ﬂ&)ﬁ@?&tt@%ésgtm B%Pﬁ’-rl’ﬁ%?’ psi g,
with a sy : 3 e | lged to
gi ve convZ? g@&@?ﬁgﬁ@@g%g{egﬁg@gﬁgﬁg@ﬂpst r \eéa%%%a%{og?ﬁ%ﬁ@e%f di | uted
wth 1-7 sUétee ' ' Ublinket" is @eftiiprobahicke di sin a
0.25 inchﬁle{[‘)h?ggg’f\g?% usecgﬁf?eggﬁgﬁté Plk?gk?glsl?fgePri or to ints‘ri%l?uc'liqri?g t he
syn gas, toptimuahatidsCoiratio arhycthus be asunctiom ofi thir support surfacearemur at the

tenperature shown in the Tables. Conversion of CO and selectivity to
nmet hane (nole % of CO converted to CH4) are shown in the Tables. Val ues

Table 3: Effect of Rhenium

. The inéorporation of some thenium permits maximization of the
hydrocarbon synthesis. activity of the catalyst. The acids function extremely
well in generating cobalt dispersion, but the activity of the catalyst does not
correspondingly increase unless the reducibility of the dispersed cobalt oxide to
the active zero-valent state is improved. Simply applying higher temperature in
the reduction step does not solve the problem because the growth of a titania
overlayer with titania, or sintering of the cobalt metal in the case of alumina or
silica, are processes that are favored by higher temperature and counteract any
positive gains in reduction. The addition of some rhenium however greatly

" improved the extent of cobalt oxide reducibility at 300-450°C. Examples 30-
34 of Table 3, base case examples not of this invention, show that activity
gradually increases with Re:Co ratios up to about 0.09, but there is no further
improvement in activity at higher Re:Co ratios. Examples 35-39, on the other
hand wherein glutamic acid is used to promote dispersion on the base case
rutile support, show a rapid increase in activity as rhenium is introduced into
these glutamic preps. Cobalt Productivity over 5, which is higher than the best
of the base case éatalysts, is achieved with only a 0.01 Re:Co ratio. Examples
40-45 show similar findings with the higher pore volume, anatase form of the
support. Here activity also increases dramatically with rhenium, with an
optimum raﬁo occurring at about 0.04, which is half the base case optimum.
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for " Cob‘-&ﬁg”’ﬁ%ﬁuct ivity,"-which has the units of liters BE@Wﬁ&erted'

per hour -per gram of cobalt, are also included in each-of the Tables. Table
1: Effect of Milti-Functional Carboxyljg Acid Conposition Table 1 .
sunmmari zes the results obtained with different nmulti- functional carboxylic

aci ds as inpregnati ajd r di spersing the cqgbalt throughqut a support.
The exanpl es were naogg“tﬁ éﬂi’@ﬁgf?ﬁf%"gytl very usedubinassessipg ehalt any rheni um

being. e eetVRedy R ht Ry kel ot refiblont MHEH: Brodfioniyigif

accor di ng e dchivity aeistirethat best/ defings therRIAAR eg&g&r&xix&etdgg %&@ggﬂu@ aﬁci d.

Exanpl e 1 denonstTates f_or conparati ve purpos run na se of
any mul ti -dlumgtreastor. WeightPtodactivity réslts ifec OO ponvirted perthoui e grain 7 show
m ni mal i nprovenent when the catal KStS are produced by dispersion of the

cobal t wi tof catalyst) for Examples-30-48 show,that thevigher metal obtatnetd, on the
The- pr eparWithdhe Risher Rore YOXImS, puatase BapRsrb Adds SEIBALY fodhe These aci ds
Cuse. " Fr orfivaftege e BCE Blitbrfo-IW et Sine Ssaciatn bigher, | oo
chai n of - (ACtVRY LabilyRs. \Culnpirso dfle Salalist S TARUP 457 with Tatfsicbate P PO"
car boxyl i ccase iR;ksCoiratib,sisbwli‘tmtiﬁerasrthueaﬁgyglofbdwgﬁesgmnm Jpvering the

titania surface wwth a thin "blanket" of the acid, which provides a trap
for nolten anhydrous cobalt nitrate as it is generated in the pores during

the dryinofgpleGd:N@ther MEQRaRd Suppbfs 2bsence of

Table 4 provides Examples 46-49 showing that dispersion
improvement with glutamic acid occurs with other Group VIII metals besides
cobalt, e.g., copper and nickel. Examples 50-54 show that glutamic and citric
acids improve cobalt dispersion on alumina, with or without added rhenium.
Examples 55-56 show that glutamic acid improves cobalt dispersion on a silica
support. Solutions as concentrated as possible at room temperature were used
in these preps —In the Examples using organic acids, the mole ratio of the

organic acid to cobalt in the impregnating solution was 0.3.
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something so polar to bind to, the cobalt salt probably coal esces into

| ar get cWR9M7I® es as it deconposes to the oxide. The pr FCITEEIBBTRVYr 't he

| onger chain length is especially significant; noting, e.g., howrelatively
i neffective a shorter chainis, |ike lonic acid. This longer chain, it is
bel i eved, does not chelate to a singl&’species, but rather attaches itself
to two entities, the cobalt on one end WO 98/ 47618

PCT/ US98/ 07888 13 and the titania on the other. There appears no evi dence
of conpl exation between either glutamc or citric acid and the Co+2 in the

starting solution by UV spectrosco t hough conpl exgtion may occur |ater
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is applied to achi eve hi gher cobalt |loading. As will be ob e
r educi bi prfslﬁ?ﬂﬁl em however is danpened sonewhat by the h?éﬁ@%%&

|l oading (it is easier to reduce 12% Co than 7% Co), so an activity credit
is observed to augment the dispersion gmedit. Exanple 16 represents a very.
active Re-free Co-TiO2 catalyst. Table 2: Effect of Miulti-Functional

Car boxylic Acid Loading The nolar ratio of the nulti-functional carboxylic
acid to elenental cobalt was varied with glutamc acid, citric acid, and

tartaric acid, hyJEvF.mp..as. 18-29, summarized in Table 2. It is
clear fromtheseg data that anocg inpmratio exists between about 0.2 and
about 0.5, with [ bes} DpRIY618 |
PCT/ US98/ 07888 ali spef si pis “rg:ejig occurring at about 0.3 nole of acid per
nol e of cobalt fpr—edt—h+pe—petes— Preference for this ratio may reflect
more the ratio of #he apid|tojthg stipport surface area rather than to the
cobalt (these r @s arg pro ﬁrt ongal to each other in nost of these
preps). For exa § t hp Iaé-ﬁﬂ ceRgentrations of acid may be |ess
ef fective becauspthe "bl ah&®i ™| getting too thick, 'supra. The optinum
acid: Co rati t s be a\g inct idgﬁ of the support surface area. Table 3:
Ef f ect of Rh%iu a i pcofe@ft &t on|of sonme rheniumpermts maxi m zation of
t he hydrocar kgn esis BEL{VPIW¥of the catalyst. The acids function
extrenely §
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wel | in generating cobalt dispersion, but the activity of the catal yst does
not -cor rWOPMEIBgl y i ncrease unless the reducibility of tPEI/AIBSWIsESed-
cobalt oxide to the active zero-valent state is inproved. Sinply applying
hi gher tenperature in the reduction quep does not solve the probl em because
the gromh of a titania overlayer with titania, or sintering of the cobalt
nmetal in the case of alumna or silica, are processes that are favored by
hi gher tenperature and counteract any positive gains in reduction. The

addition of s Lhonil l"rmﬁu.ggr1 lv jmroved the ex cobal t
oxi de reduci ' t 300-/45Q[ erir] ¢. Bxanpl 3p- B4 pbf Table B, base case
exanpl es not ipv§rjtﬂcn}'\' shqut|h®Rt] Rk 8§ 1S/ gr bR B Y B G fases with
Re: Co ratios bodt&q. B9, Squt tﬁerﬁ-i?n- @.he'g“rga@r@f in
activity at h ~o~—Frt-HeS-t—EXaid-es) oh—the.pther 1a.m% wher ei n
glutam c acidl i usgd tjo pronbtﬁ dijspgrsijon pn | he| bage gtas¢ rijtile
support, sho %-rapid ijncrleage ijn dctijvitly as rhenfun]is]inyroducg¢d into
these gl utanifrepy. ¢oBdl 8 |PRddudt Rvi & BVER b Iwi CIR | GhiPheg [than the
best of the b cade daTgl9dt®.1 i d TdhTeved MM bnl-y A O Re™Co ratio.
Exanpl es 40- sRow (si m'Iqr flindings With the hl ghger pore voélufe, |anat ase
formof the s ﬁ(&t. Hr & |adt]i Fifty fal so i n§} pasps frapat { @1y |wigh
rhenium wth Soptli mInrjat¥ijomdccurrijng jaei pbolit D. Off, iig¢h ifs hal f the
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effecti v@ppssmréla t he hydrocarbon conversion reaction, Véi ctivity
Is the actiV|g§/ﬁrreasure t hat 'best defines the relative pe? oﬁ%ﬁ%ﬁ%f a -’
catalyst in a slurry reactor. Wight Productivity results (cc CO converted
per hour per gram of catalyst) for Exd9pl es 30-45 show that the higher
nmetal | oading obtained with the higher pore volunme, anatase support adds
significantly to the advantage gained with the glutam c-1ow rhenium recipe
to generate higher activity catal ysts. Conparison of the catal yst of
Exanpl e 45, with half the hase case Re:Co ratio, is twice as active as the
catal yst of base case Exanple 34. Table 4: OQther Metals and Supports Table

4 provides Exa 16- 49 $how n mat di gperfsi dn tijnprijovefrent with gl utam c
acid occurs wi|h otser p Vil talls Qesildeq cqgbalft, E.g., copper and
ni ckel . Exanpl b4 $IBWRNA |yt ¢ |dBd Qilt & [cSAcQp i nprove cobal t
di spersi on on R, W h e ol thduo |added |r wrdnvinmn [Bafpl es 55- 56 show
that glutamc pr vei coballt dqrspergro a |srrfcay support.
Sol utions as c Bfat ¢RaNpBiRI et roBrh BenBer R uBf were used in
t hese preps. | ExamB ¢S usSndSorgani 4 3qi s, I N8k ratio of the
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PCT/ US98/ 07888 22 Addltlonal runs were made with malic acid, a 4C chain

di carboxylic acid with a hydroxyl gropp on the second carbon one wherein-a
titani a support was contacted and inpregnated with a solutlon of malic acid
and cobalt nitrate and a second by form ng a cobalt nmetal conplex with
cobalt nitrate in water and sodi um hydroxi de, and heating as described by
Exanpl e 13 of U.S. Patent 1,914,557. First, a catalyst was prepared by the
i nci pi ent wetness technique as in the fore90|ng, a sol ution containing
cobalt nitrate and nmalic acid, in a nole ratio of acid:Co = 0.3, being

i mpregnat ed from aqueous solution into a rutile titani a support as

descri bed by BramprEs I- 17, mntﬁ'Tﬁe orfowm ng|resul tfs: JExanpl e
Mul ti-Functio E% .% Col [Chem s J o :ﬁé gé)lic Adi d 57 Mal i c
acid <« | PRI @ D2 ben A i 18 Geitl e t he chem sorption
dat a, nalicacébeha\/eyﬁ?-g S'sso-n?..ﬂl‘t-% :
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this procedure nmuch |ike ot her 4C acids, i.e., like tartaric and succinic.
Thus, uswO9M7a&8i s procedure there is a consistent rel atiRFEHISEEneen t he
acid structure, notably carbon chain I ength, and the pronotion of cobalt

di spersion. Quite different fromthe ?gpr egnation, or incipient wetness
procedure, the Patentee makes a sol utfon of the metal conplex and then

evaporates this sol utlon ‘onto a support gf; ‘%0 npl e 13 .of the patent as
a guide, a catal yst Addifionaliunscwerecmade 1¢ 8¢ chain 55 grans of

3725 gr andicaTbOgHR B w MMM%%%%EM éﬁ%g's“ o M
St ;;g‘;;&?mk snPﬂpoE‘?\twgs 86htdbtelimd ipreginitéd with PEGIGHEY bR uGIR aGARUL . VO
hydr oxi de éﬁ‘d’a%@é forkifi '&Qfobhkriﬂ&hléélﬁ exSHitH cobalt 50 m of

Herr]O e wet precipgitate (9.9 grans) was added to a solution of
5.5 grarrsni@dtzeﬁ:mtdanasaamﬁhyafbmde cdiheatinpais deséribédoby Example a8t er

soni cating for about 10 m nutes at 50[err]C. Sone |light pink solid renai ned
undi ssol vefiU.S:HRatenti 1,914,85Zont ai ni ng the cobalt nal at-e conpl ex was decant ed
into a flask containing 30.0 grans of the rutile titania support. The

sol ution was then evaporated onto the support with a rotary evaporator. The

[ow of 375 co/ m n EPSEIGRMITILTs prioht iy e Roiehlf bt Betiinl ™l O
found to gof teToregbing!t AsbRutiontiontaihihig cobalt nitrate and malic acid, in a

mole ratio of acid:Co = 0.3, being impregnated from aqueous solution into a

rutile titania suppoﬁ as described by Examples 1-14, with the following results:

Example Multi-Functional Wt.% Co. Chemis 0/Co
Carboxylic Acid

57 Malic acid 706 297 0.496

As indicated by the chemisorption data, malic acid behaves in
this procedure much like other 4C aéids, i.e., like tartaric and succinic. Thus,
" used in this procedure.there is a consistent relationship between the acid

structure, notably carbon chain length, and the promotion of cobalt dispersion.

Quite different from the impregnation, or incipient wetness
procedure, the Patentee makes a solution of the metal complex and then
evaporates this solution onto a support. Using Example 13 of the patent as a

guide, a catalyst was made according to the following:

11.55 grams of cobalt nitrate [Co(NO;),-6H,0] was dissolved n
100 ml H,O. 3.29 grams of NaOH was dissolved in 50 ml H>O and added
slowly to the stirred cobalt nitrate solution. The resulting precipitate of cobalt



| ower than the 7% target because of the inconplete dissoluti f e

cobal t hW@4%8/476l8 i n t he presence of the malic acid. &ygeﬁc@ﬁgﬁﬁgﬁﬁgtion'
was 93 mcronol es 02/ gram which corresponds.to an O Co ratio of 0.201.
This prep was thus found to be signifiggntly inferior to those made
according to the incipient wetness procedure, supra. Cobalt dispersion as

35 s il S ARG i o S,

di sadvant e . . : ¢ -,

i tur o of HeRle AR BF e wet Biectiffit: (9.9 Bty WA Badl 1 RUORRdn ok €57, 0P ©

di sad t f s 350 | 2 0dal ) . i t
STt - oo maRUREid 250 K0, OA datk VidIEPIiGR TRt afteh dotfediins’ 2 ©
obtai n a 1fyrWb¥ufr0 aiinaestat 50°0N Somé light pink selid remgined uidigsobvedas i s done
in the nethod of this invention. Even as little as 3 w % Co woul d not

di ssol ve. Thesolutiohaontainingithe cobaltamlate|conyplex wastdecanted intope flask

i-mpregnation, which wll tra%gﬁl ate to a significant debit in the catal yst
manuf act ur conjaining 30.0rgramsintdhe rutle titamg suppesc dhesalwtionwas themygest s t hat

oo oy et o5t T ipbo R alroBR vAbokd he BidreRRieAGelinde o
pCT/ Usos! oS Salsiled i Hie Sufft fcactor e W 4158 Bow, of 375 cofmin at 300C
i mpr egnat eghrCPR@irgS The! finished catalyst was found to contain 5.47 wt% Co, which is
lower than the 7% target because of the incomplete dissolution of the cobalt
- hydroxide in the presénce of the malic acid. Oxygen chemisorption was 93
t_nicromoleé 02/gram, which corresponds to an O:Co ratio of 0.201.

- This prep was thus found to be significantly inferior to those
made according to the incipient wetness procedure, supra. Cobalt dispersion as
measured by the relative oxygen chemisorption is especially poor, only 0.201
O/Co versus 0.496 in the preceding example. Thus, there is a disadvantage in
fozming the caobalt-acid complex as opposed to a simple mixture of the nitrate

. salt and the acid. Furthermore, there is the disadvantage of lower solubility of
the complex compared to the nitrate salt and acid mixture. - As indicated by this
test, it is not possible to obtain a 15 wt% Co concentration in the impregnating
solutions, as is done in the method of this invention. Even as little as 3 wt% Co |
would not dissolve. Lower cobalt solubility means less cobalt loading per
impregnation, which will translate to a signi—ficant debit in the catalyst
manufacturing cost, if viable at all.

Spectroscopic evidence suggests that complex formation between
the cobalt and the diacid does not occur at all in an impregnating solution as

practiced in accordance with the present invention; even if some kind of



el

accordance with the practice of this invention, sone type of binding with

t he suppwoossrefsace area nmay occur thereby prowvi di'ng a vePgT[ISPR0788% anket "
whi ch.favors a better dispersion of the cobalt nitrate salt, right before
it deconposes. This theory rationalizes the preference for the five-carbon
acids: the best dispersion pronoters2f#eing those acids which are |ong ]
enough to disfavor bonding both ends to the cobalt but rather favor bonding
to cabalt W\? OftmRddnaiw. Her gﬁ@@% | ete '
reductionco t he cat glqg/ltic Erinaﬁltﬁf:l?q‘%r me gfgé%ﬁéﬁﬂ?gc}?}???gﬁlﬁﬁi eve full
cat al yst actordance withithe prdcticef thistinvertion) somedype af biling with/theé by only a
smal | anmount of rhenium even at | ower reduction tenperatures. :
Sur pri si ngugporisurface argasmay pa@irdherehy providing.a ¥ennhpelar "blankete whiek wi | |

the pr ??22&% aheRer dispersiont F Uie:cpOalt el saits Agh BEfost A AGOMRR R um 15
o0, ' Py 20% |
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et achi eorRerty prafbters bkl homeid whivh ACTIHRE cAbuB RO UMIRRT DS 47615

PCT/ US98/ Bhéidih lehids to the cobalt but rather favor bondinglto cdbattoeith onéendf or mi ng

a catal yst useful for the h&;drogenation of carbon nonoxi de which conpri ses
and to the support with the other.

Complete reduction of the catalytic metal, or metals, is required
to achieve full catalyst activity. Fuil catalyst activity however can be achieved
by only a small amount of rthenium, even at lower reduction temperatures.
Surprisingly, as little as 1/10 of the base case amount .of rhenium will
satisfactorily promote the reduction when the dispersion is accomplished by the
presence of the acid. Activity with this small amount of rhenium is generally
about 20% higher than in the base, whereas it is about 20% lower without the
thenium. It therefore becomes possible with the copresence of the acid to make
drastic reductions in the amount of rhenium employed while yet achieving full

dispersion and reduction of the catalyst.



Vol
i npregnating a refractory inorgani c oxide support by contact with a-
sol uti onWOn38476x8ont ai ns a) -a.conpound, or salt, of a cat aRATYSIRATEEE o -

metals, b) a nulti-functional carboxylic acid- havi%_
(CRRerr])[err] - COOH where n is an i%eger ranging from1l t0 , .
substituents R and Rlerr] are the sane®or -di fferentﬁwm”mmm d from
the group consisting of hydrogen, hydrocarbyl, hydrb2 ) ﬂ'ﬁm no
and al koxyCLAIMS:ci ent to di sperse the conmpound or salt®oft tMe eatal ytic

metal , or nmetals, onto the support, c) a conpound, or salt, of rhenium and
drying, and renoving the nmulti-functional carboxylic acid, and form ng-

oxi des of the t al _ Y. W f claiml
wherein The inp egrﬁ‘}‘ﬁ%g#ﬁ @\a‘éﬂ’ﬁnﬁ‘b. we oggl_\ o ﬁp&ﬂ%&ﬁi@i@ SHEET 26
3. The progessn fonoxidewhich ofiprisdshe catalytic metal, or netals, the

r heni um f’frﬁ %e acid are coderggsi ted onto-the support froma single
inmpregnating solution. 4. The process of claim1l wherein the catalytic
metal, or metals, inpregnated onto the support conprises copper or an lron
Group Metal, and impregnating afrefractony inorganicraide suppost by camaet withes f r om

about 2 to 3.. ) )
so?unon which contains

a) a compound, or salt, of a catalytic metal, or metals,
b) a multi-functional carboxylic acid having the formula

HOOC - (CRRY, - COOH

where n is an integer ranging from 1 to about 4, substituents R and R’ are the
same or different, and are selected from the group consisting of hydrogen,
hydrocarbyl, hydroxyl, carboxyl, amino and alkoxy, sufficient to disperse the

. compound or salt of the catalytic metal, or metals, onto the support,

c) a compound, or szilt, of rhenium, and

drying, and removing the multi-functional carboxylic acid, and

forming oxides of the metals on the catalyst composite.

2. The process of claim 1 wherein the impregnation is via incipient

wetness.
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5. The process of _ he catal ytic netal, or netals, rhenium
and t he O /683 cﬂmmmmmmu si ngl e sol utten- onto PCFGSIPPEL8E. Vi a.
i nci pi ent wet ness, thecdtal®ytifc fretal, or netals, conprises cobalt, and
"n" of the fornula HOOC (CRRlerr])[err]-COOH ranges from about 2 to about
3. 6. The process of claim1l wherein 2Be rheniumis added to the support in
concentration sufficient to provide a weight ratio of el enental

r heni um copper 3oTherprocéss aficlaint hiwhereipi the chtabyticinetdl, 6r fietals, the about
0.2:1. 7. The process of claim1 wherein the nulti-functional carboxylic
aci d i s arhemiumpandithe; agid argrendepgsited ontodthe support ifeame atsinglet he nol e ratio
of carboxylic acid:metal in the support ranges fromabout 0.1:1 to about
0.6:1. & IMPEEPARRESAYUBPNC| ai m 1 wherein the catalytic netal, or metals,

| npregnated onto the support conprise copper or an Iron Goup netal, -and
the rheniumis added to the support in weight ratio of el enental

rheni um el emengal Eéss T cldiftl'] WS e FatalPidinetal! 6 MetdlS Ut 0. 005:1 to
about 0.2:1. 9. The ‘catal yst formed by the steps desctiibed by any of

pr ecedi ngjmpreghiated dnto theosupportcoinprisesaioppeor amlronyGtoupsMetdl| and ed by
contact wi th hydrogen. 27 10. ,n a &rocess for the production of Cerr]+
li qui d hydn'bofithedormaladODCHERR dn-GROR zanges fram about:2 498t hesi s gas by
contact of said gas with a catalyst, at reaction conditions, the

I nprovenent wherein the catalyst is made by steps according to any of

pr ecedi ng ol ai g5 7hel B OUA (HaibY illfcrth iy nll ¥PkRly contact with

hydr ogen.
rhenium, and the acid are codeposited from a single solution onto the support

via incipient wetness, the catalytic metal, or metals, comprises cobalt, and "n"
of the formula HOOC (CRR"), -COOH ranges from about 2 to about 3.

6. The process of claim 1 wherein the rhenium is added to the support
in concentration sufficient to provide a weight ratio of elemental

rhenium:copper or Iron Group metal ranging from about 0.005:1 to about 0.2:1.

7. The process of claim 1 wherein the multi-functional carboxylic acid
' is added to the impregnating solution sufficient that the mole ratio of carboxylic
acid:metal in the support ranges from about 0.1:1 to about 0.6:1. |

8. The process of claim 1 wherein the catalytic metal, or metals,
impregnated onto the support comprise copper or an Iron Group metal, and the
rhenium is added to the support in weight ratio of elemental rhenium:elemental

copper or Iron Group metal ranging from about 0.005:1 to about 0.2:1.

9. The catalyst formed by the steps described by any of preceding
claims 1 through 8. '

This Sheer Has Be | THIS SHEET HAS BEEN
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| 10. In a process for the production of Cs+ liquid hydrocarbons from
a hydrogen and carbon mbnbxidg synthesis gas by contact of said gas with a
_ catalyst, at reaction conditions, the improvement wherein the catalyst is made

by steps according to any of preceding claims 1 through 8.

Sheet Has Been Re;ilaced
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