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PREPARATI ON OF HI GH ACTI VI TY CATALYSTS: THE CATALYSTS AND THEI R USE Fi el d
of* the '|\Pyegk+@p This invention relates to a process, or ppiRRskoshey the
production of a.high activity catalyst by dispersion of a catalytic netal,
or netals, particularly copper or an Iron Goup netal, notably cobalt, or-
both the catal ytic netal and rheniumonto a refractory I norgani c oxide
support, notably titania; the catalyst; its reduction, and use of the :
catal yst for conducting car bon nonoxi de hydrogenation reactions, especially
Fi scher-Tropsch react| ) fQgenation
reactions are well 3 e i Si s processes,
or processes for the catal QN gas, i.e., a mxture
of hydrogen and carbon no E A 3 Aﬂf i Iﬁgre-gg-rgllate fuels or

m xtures of C5+ liquid hydrocar bons are wel | known. For exanpl e, the G oup
VIIl non-noble netals, iron, cobalt, and nickel have been wdely used to
catal yze Fi scher-Tropsch reactions, and these netal s have been deposited on
vari ous supgogisf laﬁ ] onoted w th various other nmetals. In U S. Patent
4,568, 663, BLLO #2990y scl osed a process of this type which utilizes a
highly active catalyst conposition constituted of cobalt- rheniumtitania,
Co-Re-Ti Q2. This catal yst, i s pade ., by inpregnating a_ ,concentrated
aqueous sol ution of ¢ Ilﬂvﬁﬁqrhl’.egatﬁﬁg“ BETPRRSS @r@@a@deg‘?foﬂlﬁ RrPgYEIQn

support by ctrp ae h1 ne\llc%%tlyocn?alyst ot B{SBQ}SK‘,"{IE bFE%atd yttup %%tal 0 megdl and then

particularly copper or an Iron Group metal, notably cobalt, or both the catalytic
metal and rhenium onto a refractory inorganic exide support, notably titania;
the catalyst; its reduction, 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
hz‘u'/e been widely used to catalyze Fischer-Tropsch reactions, and these metals
have been deposited on various supports, and promoted with various other
metals. In U.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—titam'a, 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, drying, and then

calcining to decompose the nitrate salt to the oxide. Several important



calcining to deconpose the nitrate salt to the oxide. Several inportant
functions are served by the rhenium A major function is served by rhenium
duri ng WI98436%i nati on of the catal yst, during which cobBFT/UsPR8 e -
deconposes to cobalt oxide, in that it causes the cobalt oxide to becone
more highly dispersed. It also preserves the cobalt oxide in highly

di spersed state under high tenperature oxidizing conditions, such as is
found useful for regenerating cobalt catalysts It is also a function of
the rheniumto |ower the tenperature of 2t he reduction of cobalt oxide to
the zero valence state, which is required to achieve full activity. Rhenium
makes it eiﬁmﬁfoﬂsmrmenleﬂlhy therrheiam. t Aemajol fitictidri Bisetivesiey stedniwand ful |
reduction of the cobalt results in a nmore active catalyst. This result
however ~doduringtthe salsinationcefi the satalyst oduring: which ¢ebalt nittate decompesesensi ve
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process for the preparation of a catal yst useful for the hydPogenatTon of

car bon nonesbale catayses:i Hlib wisb@ funEtien o€ the riemdeh todowey te, teiiperatarabf st

and process for the use of this catalyst for conducting such reactions,
especi al | ythe reduction of cobalt oxide to the zero valence state, which is required to

achieve full activity. Rhenium makes it easier to more fully reduce the cobalt.
High dispersal, and full reduction of the cobalt results in a more active catalyst.
This result however does not come without cost, for rhenium is a relatively
expensive commodity. Thus, there exists a need for means 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 reductien of the metals.

Summary of the Invention

The present invention, which meets this and other needs, relates
to a novel process for the preparation of a catalyst useful for the hydrogenation
of carbon monoxide, especially to a Fischer-Tropsch catalyst, the catalyst, and
process for the use of this catalyst for conducting such reactions, especially
Fischer-Tropséh synthesis reactions, i.e., reactions for the production of Cs+
liquid hydrocarbons from hydrogen and carbon monoxide. In the preparation
of the Fischer-Tropsch catalyst, a preformed particulate refractory inorganic
solids support is impregnated with (a) a compound, or salt, of a catalytic metal,
or metals, suitably copper or an Iron Group metal, and (b) a carbohydrate, or
sugar, characterized as a monosaccharide or a disaccharide. And, preferably, a

preformed particulate refractory inorganic solids support, preferably titania, is
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Fi scher-Tropsch synthesis reactions, i.e., reactions for the production of

Cerr] I' drocarbons from hydrogen and car bon nonox
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preparat|on o) he Fischer-Tropsch catalyst, a prefornmed par

refractory inorganic solids support is inpregnated with (a) a conpound, or
salt, of a catalytic netal, or nmetals, suitably copper or an Iron G oup
netal, and (b) a carbohydrate, or sugar, characterized as a nonosacchari de
or a disaccharide. And, preferably, a preformed particulate refractory

i norgani c solids support preferably titania, is WD 98/ 47620
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dispersed form, onto the support; and, the rhenium, when added, 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 carbohydrate.

The carbohydrate, or sugar, useful in the practice of this
invention is characterized as a monosaccharide, a sugar which will not
further hydrolyze on treatment with dilute acids, or a disaccharide, a sugar
which will yield two molecules of monosaccharides on hydrolysis. Exemplary
monosaccharides include trioses, e.g., glyceraldehyde, dihydroxyacetone and
the like; tetroses, e.g., erythrose and the like; pentoses, e. g., arabinose, xylose,
ribose and the like; and hexoses; e.g., glucose, mannose, galactose, fructose,
sorbose and the like; and useful disaccharides include, e.g., sucrose, maltose,
lactose and the like. Of the monosaccharides the pentoses and hexoses,
particularly the latter, are preferred, along with the disaccharides. Sucrose is

particularly preferred.

It has been found that the copper or Iron Group metal can be
more effectively dispersed onto the support via use of the carbohydrate, or

sugar, than with rhenium, as a consequence of which no rhenjum is required to



the rheniumis used in conjunction with the carbohydrate. The carbohydrate,
or sugar, useful in the practice of this invention is characterized as a _
nonosacc W& 9886203 sugar which will not further hydrolyze SRTUSEBITHht with
dilute acids, or a disaccharide, a sugar which wll yield two nol ecul es of
nonosacchari des on hydrol ysis. Exenplary nonosacchari des include trioses,.
e.g., glyceral dehyde, dihydroxyacetone and the |like; tetroses, e.g.,

erythrose and the |like; pentoses, e.g., arabinose, xylose, ribose and the
| i ke; and hexoses; e.g., glucose, nmannose, gal actose, fructose, sorbose and
the |ike; and useful disaccharides include, e.g., sucrose, maltose, |actose

and the |i keffect afild andhempleteadispersianhef thervatadyiic metalhor osdals. particul arly
the latter, are preferred, .alang with the_.di saccharides. Sucrpse is
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required since its presence enables a nore conplete and full reduction of
t he di sper satddopiparcompound or salt of copper or an Iron Group metal and a

garbohydratc, or sugar, 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 the

preformed catalyst resulting from the presence of the carbohydrate, 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 étep, and

during calcination the carbohydrate, or sugar, 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 reducing agent,

e.g., hydrogen. Surprisingly, in the preparation of a catalyst it is found that

considerably less rhenium is required overall when prepared with a |

cérbohydrate, or sugar, to produce a full, similar level of activity in a reduced

copper or Iron Group metal/thenium catalyst of given composition, used in a

carbon monoxide hydrogenation or Fischer-Tropsch reaction, than with a

reduced catalyst of corresponding composition, used in a similar carbon

monoxide hydrogenation or Fischer-Tropsch reaction at similar process

conditions, made in a preparation otherwise similar except that the catalyst was

made without use of a carbohydrate.



Iron Goup netal to the zero valent state. Accordingly, in the preferred

practic Ls invention, a small anmount of a conpound gkr/E3dsloses
r heni um%gégaﬁg‘fh a conmpound or salt of copper or an Iron Goup netal and a

carbohydrate, or sugar, are enployed to disperse the copper or Iron G oup
metal, and rhenium onto the solids support conponent of the catalyst
during the inpregnation; dispersion of the copper or Iron Goup netal into
the preformed catalyst resulting fromthes presence of the carbohydrate,
while the rheniumis effective in permtting full reduction of the catalyst

after calciqstiﬁn!LThe.c§EEer or lron Goup netal conpound, and rhenium
conpound, ar& ely dispersed during the inpregnation step, and
during calcination the carbohydrate, or sugar, is renoved by conbustion
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of a carbohydrate.
additional metal, or metals, promoter or modifier, e.g., ruthenium, hafntum,
zirconium, titanium, chromium, thoria, copper, etc., exhibit superior
hydrocarbon synthesis characteristics and provide high selectivities in the
conversion of synthesis gas to Cs+ hydrocarbon liquids. Suitably, the metals -

are codeposited by contact and treatment of the support with a solution,

suitably an aqueous solution, which contains the carbohydrate, or sugar, e.g.,

sucrose, in addition to the compound or salt of the copper or Iron Group metal,

e.g., cobalt, or the compound or salt of the rhenium, 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 rhenium
_— can be deposited from solution in sequence, or codeposited from the same
impregnating solution, and the carbohydrate can be deposited from solution
insequence with the copper or Iron Group metal, and rhenium, or codeposited
with the copper or Iron Group metal and the thenium. The carbohydrate can

thus be codeposited with a catalytic metal, or metals, or it can be deposited
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Detail ed Description The catal ysts are forned by deposition of the

catal yti V8341620 or netals, on a previously pilled, pell etR&I/UHEEB2E,
extruded, spray dried, or sieved support material by the inpregnation

met hod. In preparing the catalysts, the netals are deposited from sol ution
on the support in preselected anobunts to provide the desired absol ute
anounts, and weight ratios of the netals being deposited. Catal ysts
constituted of cobalt and rheni um support®™ed on titania, or a
titania-containin? support, silica, etc. with or without the addition of an
addi ti onal rfeomlsoluttomby alsspanatoimpregnatiomoRréfermbly howeyer, thdreni um

haf ni um _zi rconi,u titanium, chrom um_thorja, copper, etc., exhibit
superi or hycﬁaég%h ates OhEvEAT; 1§ codspasited w idﬂ% CAPRErdYem &irppp metal and

per i or ~hy cFegeehss 1§ conl _ TR et
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the car bohy or-sugar, e.g., sucrose, In ad ohpound or

salt of the genprdly eurrid ont & aubieneonklevated tenfpebatite. Preférablyc @hpound or
salt of the rhenium or both the conpound or salt of the copper or Iron

Group net al impregnationdscamei eut atxonditfonsid intipientwetiiess, and at gssentiakly al |,

copper or | am igxto te pne%t?llré. nnglcctorr1 arxrogewn{t}Lll 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 liguid in excess on impregnation
of the support. Various refractory inorganic.exide 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, sitica-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
gén'erally be used. However, it has been found that the nitrate 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 is also suitable, although it is less water
soluble. Cobalt chloride and sulfate are not suitable for making hydrocarbon
synthesis catalysts, presumably because of poisoning by residual anions not
removed in the calcination, regardless of the promotion of dispersion by
carbohydrates. Solvents other than water may be used, e.g., alcohols, ketones

and the like, but are generally not preferred because of lower metal salt



can be deposited fromsolution in sequence, or codeposited fromthe sane

| npregnati ng sol ution, and the carbohydrate can be deposit | ution
insequenwgﬁ"f’ﬁmt he copper or Iron Group netal, and rheni UP%%/{(])%&@% gposi ted
with the copper or Iron Goup netal and the rhenium The carbohydrate can

t hus be codeposited with a catalytic netal, or netals, or it can be

deposi ted WO 98/ 47620

PCT/ US98/ 08025 6 from solution by a sepasate inpregnation. Preferably
however, the carbohydrate, or sugar, is codeposited with the copper or Iron

G oup netal and_the rheniym The val unme of_i.npregnat.ing sol uti pn used in an
i mpr egnat i owlubdﬁb’la‘}ldraéﬁﬁaé“ M@BBE@%‘W%“%Q&%“@ ?@EP?MWF of

t he support, and is _genefal rrl i r d
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I nci pi ent \A@&t}ﬁéﬁ{teand at essentially anbient tenperature. In accordance
with the in€rprént wetness technique, as is known, the volune of the

i npregnating solution and anmount of nmetals is predeterm ned to correspond
to the maxi mum vol une which will just fill the internal pore volune of the

support, with no |i quiTheicatalxtiesetaln coppereasrizon Giroup metel, prpisoahly ther i ous
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percent to about 35 percent of the elemental metal, based on the total weight of
the finished catalyst (wt.%; 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 fo 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 ranging 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 carbohydrate is added to the .
impregnating solution in concentration ranging from about 2 percent to about
20 percent, preferably from about 6 percent to about 15 percent, based on the
weight of the total solution; and the solution is contacted with the support to
disperse the metal compound, or compounds, onto the support. In such
treatment, it disperses the metal, or metals, onto the support even more
effectively than the rhenium. The catalyst, after impregnation, is dried by
heating, suitably at temperatures ranging from about 30°C to about 120°C, in



the Iike. H ghly concentrated netal salt solutions are nost desirable for
preparing hydrocarbon synthesis catal ysts because they generate the highest
met al | owadsigreper | npregnati on, higher netal | oadings | edRETYGSMBAB8E28rn t o

hi gher catalytic activity. Common salts or conpounds of the catalytic
nmetals can generally be used. However, it has been found that the nitrate
salt, especially in the case of cobalt is preferred because it is the npst
readily avail abl e and | east expensive salt and, nore inportantly, it
possesses the highest degree of solubili8ty in water. Cobalt acetate is al so
suitable, although it is | ess water soluble. Cobalt chloride and sulfate
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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
Cs+ hydrocarbons. The Fischer-Tropsch, or hydrocarbon 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.
Hov'vever, H>/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, moving bed, fluidized
bed, shurry, bubbling bed, etc. The waxy, or paraffinic product from the F-T
reactor, or reactor utilizing the catalyst made pursuant to the practice of this
invention, is an essentially non-sulfur, non-nitrogen, non-aromatics containirig

hydrocarbon. It is a liquid product which can be produced and shipped from a



| atter, and nore preferably cobalt, is added to the support in anount
sufficient to ovide from about 2 percent to about 50 pe erably
from abg@'f)%/%sgﬁcent to about 35 percent of the el enental f,ﬁg@gfs,/&@?sed on
the total weight of the finished catalyst (wt.% dry basis). The maxi num
netal | oading that can be obtai ned per inpregnation will depend upon the -
support pore volune, which will in turn depend upon the support
conposition, and the netal concentration ¢n the inpregnating solution.

Mul ti ple inpregnation/calcination steps may be used to obtain high final
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about 30[err]C to about 120[err]C, in ) ) "
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
corﬂponents and lube oil base stocks suitable for transportation 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.
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air, nitrogen or other gas streamor under vacuum The netal.s are converted
to an oW@es4Wein by cal ci nation, suitably at tenperature RCIARBGIRPFom about
200[err] C to about 550[err]C, preferably from about 250[err]C to about

400[ err] C, and the carbohydrate is burned, conbusted, and renoved fromthe
catalyst. The catalyst is then activated by reduction, suitably by contact
‘Wi th hydrogen at tenperature ranging from about 250[err]C to about
550[err] C, preferably from about 275[err}°C to about 425[err]C, for periods
rangi ng from about 0.5 hour to about 24 hours at pressures ranging from
above anbi eiBxatplepout 40 atnospheres. The catal yst produced in accordance
with this invention, particularly those conprised of the Iron Goup netals,
corresponds in conposition to those known, and useful in the conversion of

synthesis gas to Cs+ 073 [ bon
synthesis process is %gérﬁ’ésgé out X%t!?ieﬁ%ﬁ%&%?&gﬁﬁgg%@n%ﬁi r to
about 325[ e ], @ rutilehnd ablayafate titalie eippdit#idr dilicd, ovidl a Wondemtfed] C,
pressures-ef about 5 atmto about 100 atm preferably about 10-40 atm and
gas hourly squesswssleizon pfsollt ftrate atd perrBenic\icid vid the indipient HEAER

VIH IV, preferably fyrom abo 500 V/ Hr/V to _ahout 15,000 V/H/V. The

st oi chi onet Fqcamca%q- Gﬁyfh‘kﬁiﬁé’ﬁeﬂ%‘m%@ﬁ died dereatterndiffpenthesi s gas i s

about 2. 1: 1c£1%%h§ﬁ?at95r QUHE s OvRA il e SEA nﬁ%(a‘?é/%‘é% B9 d%cid solutions, the
carbohydrate generally being added in concentration of greater than 10 wt.% in
the impregnating solution. The amount of water present in each impregnating
solution was adjuéted for the weight of the carbohydrate added to maintain a
nearly constant 15 wt.% cobalt, calculated as elemental cobalt, in the solution.

~In a base case preparation, for comparative purposes, no carbohydrate was

addéd to the cobalt nitrate/perrhenic acid solution. The catalysts were made by
single impregnations (about 7 wt.% Co in the finished titania supported
catalysts) in the exploration of preparation variables. In each preparation, after
impregnation the catalyst was dried and then calcined in air to decompose the

nitrate salt to the oxide and burn off the carbohydrate, or organic additive.

, The catalyst preparations, or preps, made with a spray-dried
titania support were obtained by calcining the raw spray-dried support at two
different temperatures, as indicated in the following table. Spray-dried silica

supports were also used, and these too are identified in the table.



However, Herr]/COratios of 1:1 to about 4:1, preferably about 1.5:1 to
about 2. Q. JRLE preferably about 1.8:1 to about 2.2:1 cyp Sfmgbgyed
These reac ?on conditions are well known and a particul ar set reaction
conditions can be readily determ ned by those skilled in the art. The
reaction may be carried out in virtually any type reactor, e.g., fixed bed,
novi ng bed, fluidized bed, slurry, bubbling bed, etc. The waxy, or
paraffinic product fromthe F-T reactor,yjor reactor utilizing the catalyst
made pursuant to the practice of this invention, is an essentially
non-sul fur, non-nitrogen, non-aromatics containing hydrocarbon. It is a
liquid product mhlch can be produced and shi pped froma WO 98/ 47620
PCT/ US98/ 08p25=8=rerote— T - yoSTretor—furtier——cienrcarTy
reacting angl upgr adi ng to a var(iaicmaubnpr hduSusfacerAreaodycHgOdate upgr ade
to a variety of[ngggﬁﬁbﬁ at |a rq@hﬂemg sife. Seggbgtor prodgﬁhﬁe de/g. . hpt
separ at or apd—eotd—separator—tguas—respectivelys SHo—hy-drocar-bonp
constitute high quallty paraf fin sol ventsjwhich, if deS|red can be
hydrotreatefl to renove ol efijn inpurities,jor enployed wi tihout hydrotreat ng
to produce b wi deRuilellety of| wax PP@@ucts| The rd&tor welx, 0¥3 Jerr]
liquid hydrbcarbons fromtheg F-T reactor, {on the other hand can be

upgr aded byfvarious hydrocorjversion react’ons, e.g., hydrocracking,
hydr oi somer{ zati on, catal ytijc dewaxi ng, i $odewaxing, etc.| or conbi nation

Anatase® 500 29 0.50

~

\* 2

Silica 800 170/202® 1.02/1.18®

(1) - 94% Rutile - 6% Anatase TiO;

(2) 27% Rutile - 73% Anatase TiO»

(3)  Surface area and H,O Pore Volume respectively, for silica of
Examples 20-22.

Each of the catalysts was characterized by the following tests.

O; Chemisorption: measured with Oz pulses in helium at
25¢C after reduction in hydrogen at 450°C. Results are expressed as
micromoles 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 64H, -32C0O-4Ne and space velo-

city adjusted as required to give conversion around 70% at 16-20 hours on



t hereof, to produce such products as stable, environnentally benign,
non-toxic md-distillates, diesel and jet fuels, e.g., low freeze point jet
fuel, hiyeBdi@hbe jet fuel, etc. isoparaffinic solvents, PUDUPWMENS e.g.,
| ube oil bl ending components and | ube oil base stocks suitable for
transportation vehicles, non- toxic drilling oils suitable for use in
drilling nuds, technical and nedicinal grade white oils, chem cal raw

mat erial s and various specialty products. The followi ng non-limting

exanpl es, and conparative denonstrationd? exenplify the nore salient and

preferred enbodi nents of the invention. WO 98/ 47620
PCT/ US98/ 086i2&am 0 Catalyyts everé dilatddewithf 1-0aiands 8t olumiecofititaniy @dmihimize
i npregnating a support, i.e., a rutile and an anatase titania support, and

silica, “wittemperatuce gradaends img Oeumcbdrdastorpasedotoatanduict thet testarPrior

errhenic acid via the incipient wetness technique, | n_ngst of the

Br epar at i onthEHEOduCIE thesyn %a&ﬁbe&a%wwar uesd g s1u i bydrogea for oBbal t

ni trate/pergheni | i . ohydr at e .genergll y .bej ng gdded in

concentrati 5&‘%&83@5%%‘%%#@ ﬁﬂm Qﬁmgﬁ’?e i WF@%&EP&@ ?éfiL?FieSﬁ."%ﬁ‘h e —

amount  of V‘ﬁiﬁkt%éggque %of ET oo RIRANSICHY AelsHbWIntHE Tl Vaker the
car bohydr I a

wei ght of the ate added to nainta

for "Cobalt Productivity," which has the units of liters of CO converted per

hour per gram of cobalt, are also included in each of the Tables.

Table 1: Effect of Carbohydrates As Dispersion Aids -
Rutile Titania Support

Table 1 summarizes the results obtained without the use of any
carbohydrate, for control purposes, and with different carbohydrates, or organic
additives added to the impregnating solution as impregnation aids for
dispersing the cobalt throughout a support. The examples were made with the
rutile titania support, without any rhenium promoter. The Org/Co mole ratio,
column 5 in the Table, presents data which assumes that the disaccharide
sucrose is hydrolyzed to glucose and fructose in the highly acidic cobalt nitrate
solution (pH ~ 2). The key results are given in the last column, i.e., refere-nce
beihg made to the O/Co chemisorption data. Example 1 demonstrates for
comparative presents a run made without use of any carbohydrate in the
preparation. Example 2 also demonstrates for comparative purposes a run
made with a saturated starch solution added as an impregnation aid to the
impregnating solution. Comparison between Examples 1-2 shows that the
added starch is worse than having no carbohydrate at all in the impregnating
solution. In Examples 3-8, on the other hand, wherein gluconolactone, glucose,
fructose and sucrose were used in the preparations, higher relative dispersioris

were obtained. These carbohydrates, or sugars, give an O/Co over 0.4



nearly constant 15 wt.% cobalt, calculated as el enental cobalt, in the
solution. In a base case preparatl on, for conparative pu .
car bohyWOM87®8s added to the cobalt nitrate/perrhenic a(&:’lﬁgl ?Jéta?%n The
catal ysts were .made by single inpregnations (about 7 wt. % Co in t he
finished titania supported catalysts) in the exploration of preparation
variables. In each preparation, after inpregnation the catalyst was dried
and then calcined in air to deconpose tlhe nitrate salt to the oxide and
burn of f the carbohydrate, or organic additive. The catal yst pr epar ations,
or preps, nade with a spray-dried titania support were obta| ned

cal ci ni ng térapared topx walueof desssharp 83 fostthe hesaicaseer Bt ﬁl‘%r es,

used, and UIEBBoRoR 1% DEiPkd ERPIAE r%fﬁ%'e%‘éqo‘fé' by 8&%‘@5&3 ggre Al 5o
PCT/ US98/ 08 5 11 ) t
Tenp. [errBIace with il n%igﬁﬂ?t gof ¥ Eﬁ VoI urTEprow E&S ,l[:}g‘-,r%}]ﬁgﬂa i on

1000 r
59 anhydroys égPdt nitrate as iCis %%n@ﬂﬁ‘éd"ﬁ?flﬂ pdres dumcl) %62[5@51“

1. 02/ 1. 18] ealcinafibn proééssRinithe abseﬁf&emfabmhﬁ'xg@@ Holir 7BinBdo) the cobaBos
Anatase TiJerr
t probably coalesces into larger crystallites as it decomposes to the oxide.



(3) Surface area and Herr]O Pore Vol une respectively, for silica of
Exanpl es 20-22. Each of the catalysts was characterized by the foll ow ng
tests. Owosga7€0em sorption: nmeasured with Jerr] pul ses PETAEO8/0RMR AL
25[err] C after reduction in hydrogen at 450[err]C. Results are expressed as
m cronmoles Jerr] per gramand as an O Cerr] atomc ratio. The oxygen .
chem - sorption is a neasure of the rg}ative dispersion of cobalt oxide on
t he support. Fi xed Bed Hydrocarbon Synthesis (HCS) Test: conducted at
200[err]C, 280 psig, with a syn gas feed of 64H err] -32C0O 4Ne and space
velo- city adjusted as required to give conversion around 70% at 16-20

hours on WD 98/ 47620
PCT/ US98/ 08025 12 stream Cat gl ygts |weresdiuted uMth| iy Hard p by vol pne
of titania to mnimze tenperdturlecdradi@mt& iR |as0.25F p&h| D repct or
used to conduct the test. Pridr t{o¥i ntrddg@rgbtma SnYass | he cptal ypt is
reduced in situ in hydrogen fdr dn® lhodr_dt tlhe |t efpel at Uire{ shown| i n the
Tabl es. Conversion of CO and gel gcti|vitly tlo rret hang(mpl e| % of O ponvefted
to CHerr]) are shewn in the fablleg| Valyas~flag|" |t Proguctiv|ty,"
which has the units of liters jof |CB|convBritRd Rer&hd@| e gi&m of cobpl t,
are also included in each of thg|T&hl eq. Tablie 1: Ef f ect | of
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Rutile Titania Support Table 1 sunmarizes the results obtained w thout the
use of any carbohydrate, for control purposes, and with (yc:fr‘;l?s@?/ 025 B
car bohyWa28436200r or gani ¢ additives added to the i npregnating solution a

I npregnation aids for dispersing the cobalt throughout a support. The
exanples were nade with the rutile titania support, w thout any rhenium -
pronmoter. The Org/Co nole ratio, colum 5 in the Table, presents data which
assunes that the disaccharide sucrose i3$5hydrolyzed to glucose and fructose
in the highly acidic cobalt nitrate solution (pH[err] 2). The key results

are given in the | ast . ' AR rr
chem’gsor ption data. EQ%%% @éﬁg‘ﬁ%q ?éﬁgﬁg?g?épng%r at i v@e’pgfrsgg{as%fbg an
made wi N0 YheU3Ealorilo the AARIMISIUIE rorsikiiGicaneaalvity will boxdigihed 2 al so

0

denonstr at es conparative purposes a run made with a saturated starch

sol uti on adggesssomérhemumgsdtcorporatet] into thesuppmrttmpromefeseodustiamor
Conpari son between Exanpl es 1-2 shows that, the added starch is rse than
havi ng no cthelvatalystatEveata snalliamauné of shenium-perAYtssBExMZAtion of 18, | es

3-8, h h hand, ,wh in.al | | . d
Suc o6 werYdroGHbOR SYHUSRASVYI 10 ChENEr The ERbeebpl e e, o
gg; Z;ggg he %%%BQ&F%Q "Bb&ft diersitl e the vty oftid Eitﬁiys?.g%érs/ %%1‘918 / 08\(;\?5

13 correspondingly increase unless the reducibility of the dispersed cobalt oxide to
the active zero-valent state s 'hnij‘fo‘ved. Simply applying higher temperature in
the reduction step does not solve the problem because the growth of a titania
overlayer with titania, or sintering df the cobalt metal in the case of 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 375°C.

Table 2. Effect of Rhenium With Sucrose - Anatase Titania
Support

Examples 9-10 of Table 2, base case examples not of this
invention, show that activity gradually increases with Re:Co ratios up to about
0.69, but there is no further improvement in activity at higher Re:Co ratios.
Example 11, data for a run made without any use of rhenium, is compared with
Examples 12-14. Examples 12-14, wherein rhenium is added and the sucrose
is used in increasing concentration to promote dispersion on the anatase titania
support, show a rapid increase in activity as rhenium is introduced into these
preps. A Cobalt Productivity well over 5 is achieved with only a 0.04 Re:Co

ratio.



conpared to a value of less than 0.3 for the base case. The sugars of this
I nvention, it is believed, inprove cobalt dispersion by covering the
titani a YOMBHEE0With a thin "bl anket" of the sugar, whi chPETHSPBE25 trap-
for nmolten anhydrous cobalt nitrate as it is generated in the pores during
the drying/ calcination process. In the absence of sonething so polar to .
bind to, the cobalt alt probably coall¥sces into |arger crystallites as it
deconposes to the oxide. WO 98/ 47620

PCT/ US98/ 08025 14 [err] [err] WO 98/ 47620

PCT/ US98/ 08025 15 Despite the inproved cobalt dispersion obtained by

di spersion of the sugars onto the titania support, no significant activity
wi |l be obtained unless sone rheniumis incorporated into the support to

pronote reduction of the cagatystTEwENTSTRHTaount of rheniumpermts
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wel |l in generating cobalt dispersion, but the activity of the catal yst does
not correspondi ngly increase unless the reducibility of t | d i
cobal't "o¥PPE47@E0 he active zero-valent state is inproved. p@?ﬂ%ﬁ@%ﬁ% yi ng
hi gher tenperature in the reduction step does not solve the probl em because
the growth of a titania overlayer withtitania, or sintering of the cobalt
netal in the case of silica, are processes that are favored by higher
emperat ure pggheCAURHRIAGH SABY0seoEhd Referliah Wikl SIBELIShpport The addition of
sonme rheni um however greatly 1 nproved the extent of cobalt oxide
reducibility at 375[err]C .Table 2. Ef fect of Rhenium Wth Sucrose -
Anat ase Titania Support Exanples 9-10 of Table 2, base case exanpl es not of
this invention, sBramplest]Sat® show thatrsutnade ynprovesastat dispersizn Go aralicos up
to about 0.09, but there is no further ingprovement in activity at higher
Re: Co rauppod. ImExamplelld nejsueosowvas added fe the mnprssnating solytencstor, heni um

Lﬁd"i nesaaiol pugposess 380 Heatins wi BRRnER. 16 apd coliRu BlpiolR Bl O
hent urit e A SRR BN cORRAaPE! BP8E MBS R e,

| S_achi @y, i 1.85G.% @ BxaplBer9CoAs avident fronY\hed@dtd /étfdidering first
PCT/ US98/ 08025

Examples 16 through 18, the O/Co and Co Productivity ratios increased quite rapidly

with increasing sucrose concentration. Example 19 shows however that a higher
Re/Co ratio, i.e., 0.088, provides no benefit over the lower Re/Co ratio of 0.044 used
in Example 18. This lack of sensitivity of the catalyst to rhenium however does not
appear to be the case where cobalt is used in higher concentrations. Reference is

made to Examples 20-22.

In Example 20 a single impregnation produced a silica catalyst with 17.8
wt.% cobalt, and in Examples 21 and 22 double impregnations produced silica
catalysts with 29.5 wt.% and 29.8 wt.% cobalt, respectively. Rhenium was added
only to the catalyst of Example 21; the Re/Co ratio being 0.044. In Example 21 it is
observed that a relatively high O/Co was obtained, and the cobalt productivity was
particularly high; quite high values as compared with those obtained in Examples 20
and 22, fespecﬁvely.



16 [err] WD 98/ 47620

PCT/ US98/ 08025 17 Table 3: Effect of Sucrose And Rhenium Wth Silica
Support WOASHTEH 15- 19 show t hat sucrose inproves cobalt #CISPYESsORS on a-
silica support. In Exanple 15 no sucrose was added to the inpregnating

solution, for control purposes;

and beginning with Exanple 16 and

continuing through Exanple 19 sucrose wag added in gradually increasing
concentration; 2.86 w.%in Exanple 16 through 11.45 w.% in Exanple 19. As
evident fromthe data, considering first Exanples 16 through 18, the

O derr] and Co Productivity ratios increased quite rapidly with increasing

sucrose concentration. Exanple

i.e., 0.088, provides no
in Exanpl e 18. This |ack
does not appear to be th
concentrations. Referenc
i mpregnati on produced a

.19 shows however that a h

I gher Re/Co rati o,

Exanpl es 21 and 22 doubl
w. % and 29.8 wt. % cobal
cat al yst of Exanple 21,

Table ‘3: Effect of Sucrose And Rhenium with Silica Support
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observed that a relatively high Oderr] was obtained, and the cobalt
productivity was particularly high; quite high val ues as ith

t Hose obVRi%BEH2Pn Exanpl es 20 and 22, respectively. V\Ogggﬁ%@%%

PCT/ US98/ 08025 18 [err] [err] WO 98/ 47620

PCT/ US98/ 08025 19 Conpl ete reduction of tfie catalytic nmetal, or netals, is
required in the use of a titania support to achieve full catalyst activity.
Ful'l catal yst activityChmpterediditiodcofhbicavdptibinetdle or afetals, Refuiednal |.
amount of rhenium even at |ower reduction tenperatures. Surprisingly, as
little as 1/ihGhetst bE altasmacapporitoachievt fulleatalystwictivitgathiudf catalyst | y
pronote the reduction when the dispersion is acconplished by the presence

of the sugaractivity hawsves eas besghigved dygiae usetoh onkeasmall amount ofEhesius: i c
G sper si on SHETACAORE Gifughion fEnpearye: Surprisingly! af ftudss A0 Sfine'base

: case amount of rhenium will satisfactorily promote the reduction when the
dispersion is accomplished by the presence of the sugar. The copresence of the
sugar with the rhenium allows drastic reductions in the amount of rhenium

employed while yet achieving fult dispersion and reduction of the catalyst.



-20 - CLAIMS: 1. A process for formng a catal yst useful for the
hydrogenati on of carbon nonoxi de which conprises inpregnating a refractory
i nor gani WOPBHd@&@0support by contact with a solution which 86?%@?%4%80%6 a
conmpound, or salt, of a catalytic netal or netals, b) a carbohydrate, or

sugar, characterized as a nonosaccharidg, or di SaCChar+%GSl$elé{|f|'SCée‘éﬂtReb@ced-
di sperse the conpound or salt of the catalytic netal, \ t he
support, c) EAil%g)_ound, or salt, of rheniumdrying, and Hﬂﬁﬂiﬂgwm

car bohydrat%, ‘form ng oxides of the netals on the c '

2. The process of claim1l wherein the inpregnation is via incipient

wet ness. 3. The process of claiml wherein the catalytic netal, or netals,
and the car bohydr aiepracessciod fpmmingeac {vadoS1pR9e hy@ropenation ogl e

i mpregnating solution. 4. The process of claim1l wherein the catalytic

metal , or rnarbos monopddegwhichccampmseashe support conprises copper or an lron
G oup Metal.

te.

impregnating a refractory inorganic oxide support by contact with a

solution which contains

a) a compound, or salt, of a catalytic metal, or metals,

b) a carbohydrate, or sugar, characterized as a monosaccharide or
disaccharide sufficient to disperse the compound or salt of the catalytic metal,

or metals, onto the support, and

drying, and removing the carbohydrate, and forming oxides of the metals

on the catalyst composite.

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

wetness.
3. The process of claim 1 wherein the catalytic metal, or metals, and the
carbohydrate are codeposited onto the support from a single impregnating

solution.

4. The process of claim 1 wherein the catalytic metal, or metals,

impregnated onto the support comprises copper or an Iron Group Metal.

5. The process of claim 1 wherein the carbohydrate is sucrose.

RN O RO THIS SHEET TAS BEEN

-REPLACED




-21 - 5. The process of claim1l wherein the carbohydrate is sucrose. 6. The
process of claim1 wherein the catalytic netal, or netals,_t rm
o gl

Lum and
t he carb®yeR/4620 are codeposited froma single solution ork Sport

via incipient wetness, and the catalytic netal, or netals, conprises copper
or an Ilron Goup netal, and the carbohydfate is sucrose. 7. The process of-
claim®6 wherein the Iron Goup netal is cobalt, and the support is titania

or silica. 8. T f.Qr ' of
oy ecedi g cl ai mb.1 TR PESCGss HY R, PYHCHEinhERApHE 68 ORI il 20,
liquid hydrQeasdipimidh esntainty if sdditioAnd ab arde@ipomdost ealt soffd batalygicgas by

contact of said gas at reaction conditions, with a catalyst according to
any of pr eqnaeiahpraheials ahdth)r acagtbohydrate, or sugar,

c) a compound, or salt, of rhenium.

_ 7. The process of claim 6 wherein the catalytic metal, or metals, the
rthenium, and the carbohydrate are codeposited from a single solution onto the
support via incipient wetness, and the catalytic metal, or metals, comprises

copper or an Iron Group metal, and the carbohydrate is sucrose.

8. The process of claim 6 wherein the Iron Group metal is cobalt, and

the support is titania or silica.

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

10. A process for the production of Cs + liquid hydrocarbons from a
hydrogen and carbon monoxide synthesis gas by contact of said gas at reaction

conditions, with a catalyst according to any of preceding claims 1 through 8.
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