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PCT/ US98/ 07887 PREPARATI ON OF HI GH ACTI VI TY CATALYSTS;
THE CATALW®I98/4%iD THEI R USE 1. Field of the Inventi onpcTnsesn7ss? .
This invention relates to a process, or nethod, for 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 a

catal ytic nmetal and rheniumonto a refractory inorgani c oxide support,
notably titania; the__ _catalyst; its reduction, and use of the catal yst for
conduct i ng carbon ARATION QI HHGH AGTIVELY (GATALESRS al | y

Fi scher-Tropsch reacti ons.THE CATABXSI§ ANDI THEIR USE Car bon
nonoxi de hydrogenati on reactions are well known. For exanpl e,

Fi scher-Tropsch synthesis processes, or processes for the catalytic
conver si on gf Fsléat Eﬁgigv%aéb I.e., a mxture of hydrogen and carbon

nonoxi de, t istillate fuels or mxtures of CJerr]+ liquid
hydr ocar bons are wel | known. For exanple, the Goup VIII non-noble
nmetals, iron, cobalt, and nickel have been w dely used to catal yze

Fi scher-Tropsch reactTids invefitich fé182s to'® pedcess, of Mhéd dor drnmrddhetorn

various supports, and pronoted with various other netals. In U S

4,568, 663, of yhightactvity catalystby disparsionefoeatalytic metaks or mesalani ch  utilizes
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concentr at F’:&mﬁ ' $Emfai : LGsAckd onto a
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i mportant functions are served by the rhenium A major function is served
by rheni um hiudrogenating reactionsysspemnially Fisober-Tropsel seactionsir i ng whi ch cobal t
nitrate deconposes to cobalt oxide, in that it causes

2. 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 supports, and promoted with various other
metals. InU.S. 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, drying, 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 to cobalt oxide, in that it causes



-2 - the cobalt oxide to becone nore highly dispersed. It also preserves
the cobalt oxide in highly dispersed state under high tenperature

oxi di zin I.ii ons, such as is found useful for regenenghi | t )
catalystgwgﬁgg#gjalso a function of the rheniumto Iomerlﬁﬁg&?gﬁggfature of
the reduction of. cobalt oxide to the zgro val ence state, which is required
to achieve full activity. Rhenium nmake§~it easier to nore fully reduce the
cobalt. High dispersal, and full reduction of the cobalt results in a nore
active catalyst. This result however does not cone w thout cost, for

r heni um i sthe cobalnoxide ity beogme siore highlydispessed Thiualso praserves theseabalt need

for means to better disperse the cobalt with a | ess ni um
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I nventi on, \éﬂfuﬁp ' F&J&t&e&, 3 ion' ¢t cAbER okile todh®@e@l process
for the prrgpara tlo:)‘iﬁg\;gfﬂgﬂggrltpg yst usercu ornt[ﬁle hydrogenation of  carbon
nonoxi de, wAGReRisedts,whichds feqiredto dthigve fult attivitys t Rhediemanaakesyiteasiend
process for the use of this catal yst for conducting such re cti&nft,

for the

especi al | yto métedully reducehe pokalt:t High disperaal and £yl reduction gf the

producti on of err]+ liqui ydrocar bons from,hydrQgen ang., carbon

nonoxi de. ’Ieﬁ"-lf’g@ ng%?“é’(vf’g’ﬂ{agﬁq' %r@pﬁﬁn&yﬁn@%ﬁ?@gmvﬂbﬁa pr ef or med
parti cul at - | | t TSel gth (a) a
conpound, ‘g‘}i?&f ﬁ’%%ég ‘gg{‘%‘f gﬁﬁéﬂ:sgfe, C%X?HIBH%"( g:h? ,s, gg{f%ﬁ?gﬁglgg\%er or an
I ron G oupfy¥Rieahs & 'Bettd?)dishebst thelcobilt BAthA Jedséramowit of téniudnfingr ef er abl y,
a prefornmed particulate refractory inorganic solids support, preferably

titani a, |imeamsyfoegpraveringiherhenium, ardipbothdr more available;dess expeniivg yt i c
netal, or netals,.suitably copper ar an Jron Goup.,netal, (b) a polyol,
or pol yhydmatenalsdgnpromefig %@(ﬁ@pe&} ,E%BF“%PEg‘edPgt\alﬁeni um In
| mpregnati ng t he support, the support is contacted, preferably, with a
single solution

3. 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-Tropsch 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 polyol or polyhydric
alcohol. And preferably, a preformed particulate refractory inorganic solids
support, preferably titania, is impregnated with (a) a compound, or salt, of a
catalytic metal, or metals, suitably copp;:r or an Iron Group metal, (b) a polyol,
or polyhydric alcohol, and (c) 2 compound, o salt, of rhenjum. In impregnating
the support, the support is contacted, preferably, with a single solution
containing both (a) and (b), or all of (a), (b), and (c), respectively. The polyol is



containing both (a) and (b), or all of (a), (b), and (c), respectively. -The
pol yol is WO 98/ 47617 -3 -
suffici enwobgamistri bute the conpound or salt of the cat aP@gr/uUsIsesssal
copper or Iron Goup netal in highly dispersed form onto the support;

and, the rhenium when added, is suffixient to produce full reduction of

t he di spersed nmetal. Wereas rhenium has been used in the past to produce
bot h of these functions, a far |esser amount of rheni um is required to
produce bot erS| a reduct i the rheni umis used
in conj uné{‘ '&n %utﬁgﬂg,s?mpouncpor Saie bt tie ca&% ’L@@PGT O 1%fhe
practice t}gmc [ t ng
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hydroxyl -added;is bifficient teprodice Gily edduction iofithe dispdreed metalg Wheieas cal

f or mul a: [err where n is an integer
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[err] where n' is an int eger defining the nunber of CHOH groups, or
groups in a straight chain of carbon atons each of which bears a hydrogen
and a hydroxyl groPplyals usefubjinrthe prastice of this iruentidn ascharacteripedeaser abl y
fromabout 2 to about, 4. Exenplary qof .pol dr| C aI ohoI S, B£ glcblyol S,
useful in mwectﬁp&mte@mg straight Carb%‘ihﬁ“éﬁﬁa oaammﬁy i cohol ;
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and hexi t Ghfgpytguch as allitol, dulcitol, gluciotol, SOI’bI tol,

CnHon+20x

where n is an integer ranging from 2 to about 6, and x is an integer ranging from
2 to n. In other words, nis 2, 3, 4, 5 or about 6, and 2 < x < n this including
such polyols as 2,3-dihydroxybutane, 2,3,4-trihydroxypentane, 2,2-dihydroxy-
hexane, 2,2,4-trihydroxyhexane, and including more preferably the sugar

alcohols; most preferably those alcohols having the formula
HOCH; - (CHOH)y - CH,OH

where n' is an integer defining the number of CHOH groups, or groups in a
straight chain of carbon atoms each of which bears a hydrogen and a hydroxyl
group, 1’ ranging from O to about 4, and more preferably from about 2 to about 4.
Exemplary of polyhydric alcohols, or polyols, useful in the practice of this
invention are glycol, a dihydric alcohol; glycerol, a trihydric alcohol; tetritols
such as erythritol, threi_tol, and the like; pentitols, such as ribitol, arabinitol,
xylitol, and the like; and hexitols, such as allitol, dulcitol, gluciotol, sorbitol,

mannitol, and the like.



mannitol, and the |ike. 4 -
It has been found that the copper or Iron Goup netal can be nore
effectiv%(y”ggﬁlgersed onto the support via use of the poh,\aJ W&&

rhenium as” a consequence of which no rheniumis required to € a fuII
and conpl ete dispersion of the catalytic netal, or netals. However, sone
rheniumis generally useful, and sonetrmes required since its presence
enabl es a nore conplete and full reduction of the dispersed copper or lron
G oup netal to the zero valent state. Accordingly, in the preferred
practice of this iitvedtbeen foand that th foﬂboﬁ@@ﬁp@ﬂ&tﬂl@hﬁé\inbwf
rhenium and both a conpound or salt o Pper or an Iron Goup netal and a

pol yol areffestivelydispersedcintp Sressuppoet vapse of the pql tlmmupthmamm,aasd
rhenium -into the sol.i ds ,support cQq nent, of aI st ring the
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cal ci nat '@BfulTélﬂ sopRtitheseqbired sific® U8 pi@edte éﬁm@mﬂmr@a&nm&@w conpound,
are thus effectlvely dis ersed during the inpregnation step, and during

cal ci nat ifall reduetionl ofdhe dispersad coppdryordrotbGsoupmetat 4o thezeve valedt cryst al [ it es

of well dlspersed oxi.des of the copper, or Iron Goup netal, and th rhem um
Essent i alst3fec ly cidfhe prelens Practice pf this inyeatiops a swall amaynd o
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to produce a activity in a‘reduc coppéer or lron

G oup metmétal, hadicheniom; aity the sdlidsisupport conpontatost the sawdlyso daring theon
nonoxi de hydrogenat I on or Fischer-Tropsch reaction, than with a reduced
cat al yst igipregnationp dispersion offhssioppenor e Gronp metalintosthe prefosmedonoxi de

hyd t h dit
made. ' ates aratias B e HEERet A fis ey Eh siile e R ERPENE s racte
W thout  ygeethitfing AllY Riduction 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 polyol is removed by
combustion leaving behind crystallites of well dispersed oxides of the copper or
Iron Group metal and the rhenium. 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 thenium is required overall when prepared with a '
polyol to produce a full, similar level of activity in a reduced copper or Iron
Group metal/rhenium 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 polyol.
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Descri ption The catal ysts are fornmed by deposition of the
cat al yti wosst4aéty or nmetals, on a previously pilled, pel |PSTRAIR9SMTB&Ted,
extruded, spray dried, or sieved support material by the inpregnation
method. In preparing the catalysts, the nmetals are deposited from sol ution
on the support in preselected anounts to provide the desired absolute
anounts, and weight ratios of the netals being deposited. Catalysts
constituted of c¢obalt and rhenium supported on titania, or a

titani a- cBnt Retailed Desgapion ;| | ca, etc. with or without the addition of an
additional netal, or netals, pronoter or nodifier, e.g., ruthenium

haf nium zirconium titanium chromum thoria, copper, etc., exhibit
superior- hydrocarb ' b &didi . '
selectivities int hgﬂe%@ﬁﬁﬁr@%@%?ﬁgﬁlgﬁggﬂ?o&glgtrlgﬁaﬂggﬁ ocar bon
l'i qui ds. fmétilshdrva ptdviousty pilledapelletedydtrmded,textrudgd cspraydtiednal sievedt nent  of
the support with a solutjion, suitably an aqueous, sol ution, whjch contains
t he pol yosupperymatesial byithe impregnataon methodo Inipreparingtbgcatalystsdhe of the

| G | 10, | h d | f th
et um - I afF SepsitEN o foldon SRR boprhit i sesioned WHouRta 0y rotal
and the CopRAROhey tagﬁ%ufehﬁn@flﬁg'r%ﬂ‘%tweigh%mﬁos of the metald Béingat al ytic

metal, copper or Iregn nmet al he“rhenium can be deposited from
sol ution idepsside Tkalysts consteneed dfabbaltamitrheniaarsupporte oaditatiangr ol ut i on,
and the polyol can be deposited fromsolution in sequence with the copper
or |ron Gtitara-containing suppartsilica, etsr withderpwithouttheiadditioneof ancopper or Iron
G oup netal, _and the rheniu The pol yol t hus b .codeppsited with a
catal yti c afgitgn: 'BF“#éFéP%t;]S@P“?‘?&Sé r mo agi&’éaﬁﬁnﬁm‘ﬁ’ﬁg}‘ﬁ?’i on by a

- conpe SRR g, ERLFHEEL OB e i, Sty “ogprost o 1
| pr egnat iggdrctaltidn YathSRCHabacléristEn afd Prévide hifiisdidstivierdiashér om about 1

to about “20 tinmes"the volume of the support, and is generally carried out
at ambi entconversion 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 polyol, e.g., sorbitol, 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 polyol can be deposited from solution in sequence
with the copper or Iron Group metal, and rhenium, or codeposited with the
copper or Iron Group metal and the rhenium. The polyol can thus be
codeposited with a catalytic metal, or metals, or it can be deposited from
solution by a separate impregnation. Preferably however, the polyol is
codeposited with the copper or Iron Group metal and the rhenium. The volume
of impregnating solution used in an impregnation usually ranges from about 1 to

about 20 times the volume of the support, and is generally carried out at ambient



. 6- or elevated tenperature Preferably, the inpregnation is carried out
at conditions of incipient wetness, and at essentially anbient
t enper at Yog/shfy7accordance with the incipient wetness te(ini.i{&dg, 758p 1S
known, the volunme of the inpregnating solution and anmount 0 ma?a S is
predeterm ned to correspond to the ma\%' mum vol ume which will just fill the
I nternal pore volune of the support, "With no liquid in excess on .
i npregnation of the support. Various refractory inorganic oxide supports
are useful in the formation of catalysts pursuant to the practice of this
i nvent i onor &evated semperatuseic Rreferaply, the impregnation: i3, cantiedout at conditions ed,
silica, siljca-alumna, alumna, and the |ike. Hi ghly
concent r aPEHCIRIENY Wetngss, Qﬁ‘k‘ at ?%ﬁ%ﬁag}mﬂt eEperatpre WCOMSQWI%
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cat al yU Csaifibi whd anfoufifBrmefld § REJAATBALA 15 cOtredd3Rd 16 R MakimiR! ! s can

general ly be used. However, ound e nitrate salt,

especi al | yolume whichorifljust filt diesinternal pore velunes oD heasuppoit] with ice nost
readi |y ayail able and | east expensive salt and, nore inportant]y, it
possessesligpid iniexpessiondapregnasion of shesupport, Various weffactospanerganist at e i s

I i table, alt h it Sl t | e. Cobal hl ori d d
Ul Tato af e spPRAF A ek ¥ RedORmSROBPECHRYSR Piryiot & e aptos % o
o PR HPbEFHGH P 8%,
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Sol vent s gitibgahintian, alahdna, mad thelikeed, e.g., al cohols, ketones and the
| i ke, but these solvents are generally not preferred because of |ower

nmetal salt solubility and added manufacturing cost. Suitable rhenium
conpounds are the. n water sol ubl e, speci.es, especially perrhenic acid
and anmoni um perrhgﬂ%concentrate%met saltgﬁgtx@hstgp ‘Ps(fdﬁﬂf%hl?%@opper or
lron G ou ggﬁﬁ% e nr : balt, is
added to ?ﬁ S %%@{o‘élaﬁ{ogbs utggeglgu%a %Itl iﬁgeﬁ?&[qge %\ﬁ%&%&%ﬁgﬁ 2 percent
to about mtabdsadiny perdingiregrdtion, highet el loddings 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 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 polyols.
Solvents other than water may be used, e.g., alcohols, ketones and the like, but
these solvents are generally not preferred because of lower metal salt solubility
and added manufacturing cost. Suitable rhenium compounds are the common

water soluble species, especially perrhenic acid and ammonium perrhenate.

The catalytic metal, copper or Iron Group metal, preferably the
latter, and more preferably cobalt, is added to the support in amount sufficient to

provide from about 2 percent to about 50 percent, preferably from about 5



-7- percent to about 35 percent of the elenental netal, based on the-
total weight of the finished catalyst (w.% dry basis). The nmaxi mum net al
| oadi ng W98/4761Y be obtai ned per inpregnation wll dependpCiusesiomss7suppor t
pore volunme, which will in turn depend upon the support conposition, and
the metal concentration in the inpregiati ng solution. Miltiple

| npregnation/cal cination steps may be used to obtain high final netal

| oadi ngs. Ot her netals, e.g., thorium cerium hafnium uraniumand the

| i ke can gﬁ% ' ' | ] Ly fethe
finished @grtca ys%bb%ﬁejf;rgb@g&%ﬁﬁ%%&é@g%ﬁﬂ,ﬁé@géﬁgtg@i?étay\g%w of atioto
copper _or tHe fRisREd¢HalYEL (. %a iy Msigho Sthu from
about 0.025:1 to abou 0(. 1:1. emﬁimgﬁ] ?geg%edu@oﬁf éi%a%%ﬁitﬁfi@%bfe

concent r avbtainedffer impragnation will\degendiupen die suppbitporé vehane wisich will

rheni um e| enental copper . or Iron G oup, netal é_ke. g., Re/Co weight ratio) in
the fini sHeGR depanduponhe suppernt sampesiionpawbthemetsl aoraentmation in ther ef er abl y

ot cgnat FReresBRir SR vt merbanalBhl leinatih Rept By 3esB80 T (o
bascd on TheutBigh (R pAA10NAERTORE ietdls” € Tpribh, EOiTah, ARREATCY oo

with the aramhontand chellikpearsbe nddediifidesired tomiodify dirprﬁﬁﬁ%)ﬂi&%tivﬁ?bﬂ the
support. In such treatnment it disperses the netal, or netals, onto the

support etherfinighed catalyst; i These mataly when preseritare added inawveilghttatiodbt er

[ ti is,dried b ti i tabl t .t [ f

about 30 E9PHeEOF Honmsaiaup et rangtie Rhpveabaly 604§ pocteratly Fomabouas st eam
d tal el | ci nati on,

or under yaR¥UN, ah3Gt 68t P Rh?x;x]igmf%”é’tﬁfe %8 the 8%%%{'%8%%%‘8% cal ¢l nati on

suitably at tenperature rang rom about 200 550[err] C,

pr ef er abl yufficient abprovidtdiveight Fati® of blerienfl Shatitunteleitedtd] Reppdorol s

bur ned, conbusted, and renoved fromthe catal yst. The catalyst is then
act i vat edlron Groupmetalr(e.gs,UR¢/8lol yeight tatin)dn thedinished datalyst raigingfrpmr at ur e
rangi ng from about 25Q[err]C to abo 50[err]C, _preferably fraom about
275[ er r | CABQYL 1ipapout %1, P%??erasfxéa@ﬁmgpf%:%F%ab%cdh:lddy hour to
about 24 BulyS THe gty aided &' e IhprEAIRHAR WhitANRh Wheddrtfiat 4

at nospheres.
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 an air, nitrogen or other gas stream or under vacuum.
The metals are converted to an oxide form by calcination, suitably at temperature
ranging from about 200°C to about 550°C, preferably from about 250°C to about
400°C, and the polyol is burned, combusted, and removed from the catalyst.

The catalyst is then activated by reduction, suitably by contact with 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.



- 8- The catal yst produced in accordance with this '
I nvention, particularly those conprised of the Iron Goup netals,

COr r espOoeoglshe1§0NMPOSi - tion to those known, and useful parkiRRssdeaVver sion
of synthesis gas to Cs+ hydro- carbons. The Fi scher-Tropsch, or hydrocarbon
synthesis process is carried out at tepperatures of about 160[err]C to
about 325[err]C, preferably from about®190[err]C to about 260[err]C,
pressures of about 5 atmto about 100 atm preferably about 10-40 atm and
gas hourly space velocities of fromabout 300 V/hr/V to about 20, 000

VI hr/V, preferably fTheratibestpradiged/iinaéooriancebeith this j@ativhhr/ V. The
stoichionetric ratio of hydrogen to carbon nonoxide in the synthesis gas is
about 2. 1particelarly those sermpriseshobtheromGroun metdls comgsPonds iR GRMPOSK er r | / CO

or e or abl o8 o g, and sfhFirbE ot BRR of smiesly bR Gt Bl o ©

condi tion ) ' : : hhd SFNS can
e r ead: | TRSRs) The FHE TAO0CR, Bhydrdbaon sghtiehis st WharROfoat s,
carri ed oyémpérattires ofabout 169°C Ypebat:3250C, prfefaahlyfﬁmckbbadwmmng bed,

fluidized bed, slurry, bubbling bed, etc. The waxy, or garaffinic pr oduct
from t he mbdut260°Copressures ofiabout Jiatm tazabont 100 atm; p lysabouplP-40ant to

the practice of, this invention i,s an_gssenti al =sul fur - nitrogen,
non- ar orratapwnéca%bpmlmpwe?&%wﬁ%ﬁf PR #EO%MW i%ﬂk%&r%@% pr oduced
and shi pp F e [ B t chem cally
reacting g%} pﬁ%ﬁ@?b@“ﬁéﬁﬁtﬁgpyﬁ%&oﬁ%?slsg)gpq{)/rhg%cggé and upgr aded
at a refi RejivhisleRic RRIRASIHydrofnAdUakBorl mefibRide fin the §Ahadis gds i€ aboytot
separator and col d separator |7quids, respectively, i.e., Cier r}- Jerr]
hydr ocar b@nk.1 foothetproductidn afthigher hiytdrogeabaiis. i Howevere HidCQitatios of 1:1desi r ed,
can be hydrotreated to renove olefin inpurities, or enployed w thout

hydr ot r eatte mboutct: by preferably abodt 1.5k teesous 2. wdympreopreferablymbout &8¢k or wax,

or Jerr]+ Ijquid hydrqcarbons fr the F-T reagtor, on ot her ,hand, can
be upgr adde abgut il fan beemployed-c  bessreagtion F‘Eﬂfﬁ?o’& gc W‘?t"{/]g'l“'(’i’é‘l‘ andAng,

Cher cor - R L SEHARHRN Sl B Bei bt ROt ditindd by uffse SRR BR1 ' NS
non- t oxi ¢ 1 grtdThHeirbdcioRSmay be Shiric6htlif virkwilySanyCtyPe redc, g dnedpoi nt | et
bed, moving bed, fluidized bed, slurry, 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 essentiatly non-sulfur, non-
nitrogen, non-aromatics containing hydrocarbon. It is a liquid which can be
produced and shipped from a remote area to a refinery site for further chemically
reacting and upgrading to a variety of products, or produced and upgraded at a
refinery site. Separator products from an F-T reactor, i.e., hot separator and cold
separator liquids, respectively, i.e., C4-C;5 hydrocarbons, constitute high quality
paraffin solvents which, if desired, can be hydrotreated to remove olefin
impurities, or employed without hydrotreating to produce a wide variety of wax
products. The reactor wax, or Cy¢+ 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



WO 98/ 47617 9- fuel, high
cetane jet fuel, etc. isoparaffinic solvents, lubricants, e.g., |ube oil

bl endi ngwapsgpmesent s and | ube oil base stocks suitabl e forrcirsmesypmst ati on-
vehicles, non-toxic drilling oils suitable for use in drilling nuds,

techni cal and medi ci nal grade white gr |, chem cal raw materials, and
various specialty products. The following non-limting
exanpl es, and conparative denonstra- tions, exerrpl [ fy the nore salient
and pref erred enbodi ments of the invention.

A series ofuetdiigh pemane Mmlpcﬁpmpmlcmh@ghalummﬁsQrgpdrlbe oil generally

arutile Oﬁ&{l at ase ti ta‘ a%ﬁﬁpgg Fégtg K%S!F g{%@nw a:rﬂr{:@nt rat ed
aqueous soO COMROREHYs I nci pi ent
t - el b ft
117022 L5 e ARG R RS B 5
sol uti ons, mbaﬁumlgvme@ma@bﬂl ¢hemichteraRomaceiats, hﬂd%ﬁéﬁﬂ pechity 10 wt. %

(U

concentration in the inpregnating sol ution. The am)unt of water present
in each i nprodgetst i ng sol ution was adjusted for the weight of the polyol
added to maintain a nearly constant 15 wt. % cobalt, cal cul ated as

el emental cobalt, in the solution. In base case preparations, for.

G e P PO S S8 o n i abBid nd AR pfnsies e ©

i npr egnat | s, E"‘*‘é*‘? thé Mbre’éafient dhd fefdrddl e?ﬁ'l%ilrfdehﬁrﬁﬁhé RRAbR

cat al ysts) | oration o ‘preparation variables. In other cases, a
second |npregnat|on was applied to i ncrease netal s | oadi ngs and produce
finished catal ysts nore typical of those which may be enployed in |arge
scal e operﬁzﬂnnkﬁ In each preparation, after | npregnation the catal yst
was dried and then calcined in air to deconpose the nitrate salt to the
oxi de and burn off the organic additive.

A series of catalysts were prepared by impregnating a support,

generally a rutile or anatase titania support, and silica, with a concentrated
aqueous solution of cobalt nitrate and perrhenic acid via the incipient wetness
technique. In most of the preparations, as tabulated hereafter, different polyols
were dissolved in cobalt nitrate/perrhenic acid solutions, the polyol generally
being added in greater than 10 wt.% concentration in the impregnating solution.
The amount of water present in each impregnating solution was adjusted for the
weight of the polyol added to maintain a nearly constant 15 wt.% cobalt,
calculated as elemental cobalt, in the solution. In base case preparations, for .
comparative purposes, no polyol 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 titania supported catalysts) in the exploration of
preparation 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
impregnation the catalyst was dried and then calcined in air to decompose the

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



-10- Most of the preps were made with a spray-dried titania
support. Two batches were used which were obtained by calcining the raw

spray- dr ivpslogiagport at two different tenperatures, as ingicgajsgslhosksy the .
following table. A spray-dried silica support was also used 1n a few

exanpl es. C$I ci nation Surface Area Herr]O0
Por e Desi gnati on Tenper at ure fé rjc nerr]/g Vol urre,
cclg Rutile[err] 1000 19

0. 33 Anat ase[ err] 500 29

0.50 Si | i ca Most of the preps wefetdmade with a spray-dried tifdhia support.

1.02 (1) 94% Rutile - 6% Anatase Ti Q2 (2) 27% Rutile - 73% Anat ase
Ti g err] Two batches were usqwhich weresobtained by salginivgdhe ravd spraytdisds ol | owi ng

et 1 aim at SHRROE e ST oAty A kyRrasel i e falaping pble sl ts are |

expr essedg, I mi § Co atomc ratio. The
oxygen Che@g%ﬁ?ﬁaﬁ? gaﬁeaissuérlgé g%’&ﬁ‘ rel ati dl spersion of cobalt
oxi de on the support. Fi xed Bed Hydrocarbon Synt hesis (HCS)
Test: condugcted at 200lerr] C 280 nsig with a svn gas feed of
64H err] - 32C0O 4Ne and sﬁace Locity a:iju ag Lequfre ive
conversi o around 70% at ﬁ% a&: §Hﬁd ca 2b0p(§]-e
Designation cmperature m /g Volume, cc/g
Rutile!) 1000 19 0.33
Anatase®™ 500 29 0.50
Silica 800 170 1.02

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

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. Resulits are expressed as micromoles Oz
per gram and as an O/Co atomic ratio. The oxygen chemisorption 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 velocity
adjusted as required to give conversion around 70% at 20 hours on stream.
Catalysts were diluted with 1-7 parts by volume of titania to minimize tempera-
ture 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 450°C. Conversion of CO and selectivity to methane (mole % of CO
converted to CH) are shown in Table 2. Values for "Cobalt Productivity”,



Catal ysts were diluted with 1-7 parts by volune of titania to mnimze
tenpera- ture gradients in a 0.25 inch ID reactor, used to conduct the
test. Pr WO 9¥476i7nt r oduci ng the syn gas, the catal yst is P&ETOEO078B7 situ -in
hydrogen for one hour at 450[err]C. Conversion of CO and selectivity to
met hane (nole % of CO converted to CHfjgr.r]) are shown in Table 2. Val ues .
for "Cobalt Productivity", WO 98/ 47617 whi ch has the units of
liters of-CO converted per hour per-gram of cobalt, are also included in

Tabl e 2. Table 1: Ef.fect.of Paglyols D spersion Al d

Table 1, %Eﬁh@% WS Qf; Piqidlcﬂ@" o Q0BLPH; At %?%altdﬁ? er ent
pol yol s asgid . | jgls for dispersing cobalt throughout a support
Exanpl e 1$a|1§30 a g‘gggtrl%lq?b%loﬂpol yol havi ng been added to the inpregnating
solution: Al of Exanples 1-5 were made with the rutile titania support
wi t hout having added any rhenium pronoter. The key results are given in
t he seconddble 1t dEffectadfRalyols As. DispefsioreAdds bei ng nade to the O Co

chem sorption data. The catalysts are grouped according to the | ength of
t he | ongest carbon chain in the polyol, or organic used as a dispersing

aid. Exanple 1, as iddicat QNSLEates -' poses a run
made w t hout use of ’g‘g’QF gﬁ%plgiw& 'epa'g{eirg%ng@g%‘rlpb]\égﬁu{shom no

| npr oveneng; i 1idh G dsPfoP dispeskinyy cobaltithfAighbupa sizfporeobal t
wi th pol y\r}fllny gpg%%(l)slcﬁllﬂr#%ganpl es 3-5, on“%ce ot her hggng, \?\h@fbei n

gl ycerol dhxhnsple Hiit alcontrekpre polyel having beenusdded to théimpregaatmgt i ons, hi gher
rel ative dispersions were obtained. These, al coho.&s .give (O Co val ues

rangi ng f rsoltiongebllof Exampleschapvare mads with thesuie i@sia supperiowithogt ¢ he

base case,and t hg, r.un de with the | vyvinyl sal cohel . .Er i of the
st r uct ur e2YNg ?@CGMEEE%P@HEM?%WW %ﬁ‘?l&sﬁrgﬁ‘fe&rlgltﬁ%g‘faﬁdéé of the
preferred : @Rﬁh | east 3
at ons, prel@?g%%ﬁg%.ﬁg{%&ﬁ@%&%ﬂ%%gﬁg%t@l’(lkgé{l)tgﬂi;gg ed, rt|izi‘rir{')r g&g cobal t
di sper si orcayly$tsufy grogipédaccording to the length of the longest carbon chain in the

polyol, or organic used as a dispersing aid. Example 1, as indicated,
demonstrates for comparative purposes a run made without use of any polyol in
the preparation. Example 2 shows no improvement when the catalysts are
produced by dispersion of the cobalt with polyvinyl alcoho!l. In Examples 3-5,
on the other hand, wherein glycerol and sorbitol, respectively, were used in the
preparations, higher relative dispersions were obtained. These alcohols give
0O/Co values ranging from 0.360 to 0.546 compared to values of less than 0.3 for
the base case and the run made with the polyvinyl alcohol. From a list of the
structures of the polyols tested, the critical structural features of the preferred
polyols are shown to have a total carbon chain of at least 3 atoms, preferably 5
atoms. The polyols, it is believed, improve cobalt dispersion by covering the
titania surface with a thin "blanket" of the polyol, which provides a trap for
molten anhydrous cobalt nitrate as it is generated in the pores during the drying/
calcination process. In the absence of something so polar to bind to, the cobalt

salt probably coalesces into larger crystallites as it decomposes to the oxide.



titania surface with a thin "blanket" of the polyol, which provides a trap
for nolten anhydrous cobalt nitrate as it is generated in the pores during
the dryi@4@fesusahci nation process. In the absence of sonepfifgosisgdd©! ar to
bind to, the cobalt salt probably coal esces” into larger crystallites as it
deconposes to the oxide. -12-

I n Exanpl es 6-14 both cobalt and r héri2dm wer e | npregnat ed onto an anat ase
titania support. Exanple 6 is enployed as a control. No polyol was added to
the solution in this run to i npregnate the anatase titania support.

Exanpl es 7-14, on tlhExamples trdAddothycobalt drad rhennim sweobimpregnated entodi f f er ent
hydroxyl-containingaconpound | yol s were added t he, i ppregnati ng

sol uti on aanatasediania Suppart, ééseﬁ{)lepﬁﬁcﬁgplemm aﬁemlﬁﬁ*l%n?kya was | E, ani a
- i . i Exa 5] 7, i

oo P Adtet 15 e Sotion SRR ifpifeamafe g AhatSe Rianiz SBRET .1 The o oo

ratio of %ﬁ?@é& @lwbﬁm@aﬂiemwg#ve%*}e&h& ‘?1"3%5#?%33‘%? d}ﬂ%‘d\j\lﬁxa”edi ol and

1,2,6-tri Xxyhexane, respectivVv an exot el ope en drying the

cat al yst shydretylctomeainingtdompoands, \ortpolydls wese bdddderoahle impreghdting r eact i on
devel oped as_the result of an oxjdation reaction, and nmay_ be avoi ded by use
of a wat efolution el impregnate bethnebalt and thenumniato theirantase fitania supperty. | cobal t

) h h hand, o i i.n Ex | 10- 14,
Wi ch o TpehTaRh g a8 CUChraos SR amBIE: Baid it B Bito: o
consi der a@ky fih edfd]%s'iﬂeﬁ‘glﬁi\}ea%ﬁd%ﬁ?u the O/Co ratio of thé ?ﬁe}g?lﬂﬁat ion of a

silica suppoft Wth an I npregnati bn so I'dn contal ning inc g

concent r avapinproved withi theuseef thee], eiheraiediclcand 12,6t @ihgdraxghefanepbal t and
rheni umonto the support (Exanples 16-18) vis-a-vis the control which

cont ai nedrespectivelye ar exetharm dewslaped whes drying ¢he eatalystsubatidamaged they O Co

rati os.

catalysts. It is believed that this reaction developed as the result of an oxidation
reaction, and may be avoided by use of a water soluble cobalt compound other
than cobalt nitrate, e.g., cobalt acetate. On the other hand, all O/Co values
obtained in Examples 10-14, which used preferred polyols as impregnation aids,

were for the most part considerably higher than in the base case.

Impregnation of a silica support with an impregnation solution
containing increasing concentrations of sorbitol as the dispersing aid, to disperse
cobalt and rhenium onto the support (Examples 16-18) vis-a-vis the controi
which contained no dispersing aid (Example 15) likewise shows increasing 0/Co

ratios.
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[err] - 15- Tabl e 2:

Hydr ocarbon Synthesis Tests Wth Co-Re-SiJerr] Catal ysts

The i ncor'WOP&#768h of sone rhenium pernits nmaxi m zati on of PEHESIBPAMBAcar bon
synthesis activity of the catal yst The polyols function well in generating
cobalt dispersion, but the activity ofisthe catal yst does not .
correspondingly increase until the cobalt oxide is reduced to the active
zero- valent state. Sinply applying higher tenperature in the reduction

over | ayer Vit 2f NPy Shighehis XISEPWif COSRERcltatfd 1,05 o

silica, are processes that are favored by hi gher tenperature which
counteract any positive gains in reduction.
The incorporation of some rhenium permits maximization of the

hydrocarbon synthesis activity of the catalyst. The polyols function well in
generating cobalt dispersion, but the activity of the catalyst does not
correspondingly increase until the cobalt oxide is reduced to the active zero-
valent state. Simply applying higher temperature in the reduction step does not
improve the activity because the growth of a titania overlayer with titania, or
sintering of the cobalt metal in the case of silica, are processes that are favored

by higher temperature which counteract any positive gains in reduction.

A series of four runs were made with each of the catalysts
produced in the preparations described by reference to Examples 15-18; the
catalyst of Example 15 being that used for the run described in Example 19; the
catalyst of Example 16 being that used for the run described in Example 20; the
catalyst of Example 17 being that used for the run described in Example 21, etc.

Example 19 is a control; no polyol having been used to impregnate the rhenium
and cobalt into the silica support. In each of Examples 20-22 however sorbitol
was used in the impregnating solution in gradually increased concentration. The
Cobalt Productivity of the catalysts, as will be observed, shows a rapid
improvement, i.e., from 2.66 (Example 19) to 3.55 (Example 20), and with the
introduction of sorbitol as a dispersing aid, up to 5.16 (Examples 21, 22).

While Cobalt Productivity is very useful in assessing cobalt
effectiveness in the hydrocarbon conversion reaction, Weight Productivity is the
activity measure that best defines the relative performance of a catalyst in a
slurry reactor. Weight Productivity results (cc CO converted per hour per gram
of catalyst) for Examples 19-22 show that the higher metal loading obtained with
the silica support is significant.
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A series of four runs were made with each of the catal ysts produced in the
preparations described by reference to Exanples 15-18; the catal yst of
Exanpl e woofglsrg t hat used for the run described i n Examgrassbsorsshe

catal yst of Exanple 16 being that used for the run described in Exanple 20;
the catal yst of -Exanple 17 being that used for the run described in Exanple
21, etc. Exanple 19 is a control; no polyol having been used to inpregnate
the rhenium and cobalt into the sidgga support In each of Exanples 20-22
however sorbitol was used in the inpregnating solution in gradually

i ncreased concentrati on. ivitv of the catalysts, as wll
be observed, shows a rapijd i npfovenent| i.¢e., from 2. 46 (Exanple 19) to
¢ .

Example
(Run #)
19
20
21
22

i
3.55 (Exanmpl e 20), and wi %@e trod o@i Den Off gorb’btol as a dispersing
aid, up to 5.16 (Exanpl ey P1&p2)3 < &R WA Ile Cobalt Productivity
is very useful in assessiing copal® effectiyeness ijn tHe hydrocarbon
conversion reaction, Wi rpdygtivify 7§ The actiVvifty neasure that best
defines the relative perffor ce of a capal wat| \d |[aslfurry reactor. Wi ght
Productivity results (cc ﬁwe&‘ted pefi 1d(_‘gr per % m of catal yst) for
Exanpl es 19-22 show t hat [t he grgar mefal” | oadj ng |o ined with the silica
support is significant. o 16 Ferrd WO 98/ 47617
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-17- Compl ete reduction of the catalytic netal, or netals,
is required to achieve full catalyst activity. Full catalyst activity
however W4W8#613chi eved by only a smal | anount of rheni ®ET/USHSOrSsa | ower
reduction tenperatures. Surprisingly, as little as 1/10 of the base case
amount of rheniumw Il satisfactorilyypronote the reduction when the )
di spersion is acconplished by the presence of the polyol. The copresence
of the polyol with the rheniumallows drastic reductions in the anmount of
(hent um empl oved WdogpiEl rFiiRK oihd Shehtyed el Sr s isepard ' O 1"

L oA Proc gatichtul CilhAadivig! HaRlau§ i oGl VA QORIALI QP! Car bon

nonoxi de I ch conpri ing arefr organic

oxi de suppaly a biall aficugit of\ttiehiin Séetitat MowarvedlictigiHeripeFatures. a)
a conmpound, or salt, of a catalytic netal, or netals, b) a

pol yol haSurprisinglys as littleiasd/ thiehake aseramhaunt of rhenium will
[err] vvherefn i§,an i nteg}er rant?i ng, fr m(f to abqut 6, and x.is_an integer
rangi ng f satisfactorily promote the reduction when the dispersion is accomplished by the

presence of the polyol. The copresence of the polyol with the rhenium allows

drastic reductions in the amount of rhenium employed while yet achieving full

dispersion and reduction of the catalyst.



2 ton, sufficient to disperse the conmpounds or salt of the catalytic
nmetal, or netals, onto the support, and drying, and renoving

t he poI ywogsa@gl”form ng oxi des of the nmetal on.the catal peirnmospesite.
2. The process of claim1l wherein the i rrpregnat ion is via incipient

wet ness. : 3. The process OLBG'Cl aim1l wherein the catalytic
metal, or netals, and the polyol are cbdeposited onto the support froma-
single inpregnating solution. 4. The process of claim1l

wherein the catalytic netal, or metals, inpregnated onto the support

conpri ses CoMIMS:or an Iron Goup Metal.

-19 - 5. The-process of claim1l wherein the support S
contacted with a solution which contains, in addition to a) a conpound, or
salt, of-a catal ytilc depecessdior ferming a catalyss psefubforthe hydragenatiomedi i n' sai d
claim1l ound, or salt, of rhenium

) a co
6. The proegbenmonemer%l%emqﬁe he catalytic netal, or metals, rhenium

and the pol yol are codeposited froma single solution onto the support

impregnating a refractory inorganic oxide support by contact with a

solution which contains

a) acompound, or sait, of a catalytic metal, or metals,

b) a polyol having the following empirical formula

R

where n is an integer ranging from 2 to about 6, and x is an integer ranging from

2 to n, sufficient to disperse the compounds or salt of the catalytic metal, or
metals, onto the support, and '

drying, and removing the polyol, and forming oxides of the metal on

the catalyst composite.

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

wetness.

3. The process of claim 1 wherein the catalytic metal,-or metals,
and the polyol 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.



via incipient wetness, the catalytic netal, or netals, conprises copper or
an lron Goup netal, and the polyol has the fornula
[err] wWhBHQI847¢L7 is an integer defining the nunber of CHEATHISB8/47687 and

ranges fromO to about 4. 7. The process of claim6 wherein
the Iron G oup netal is cobalt, and n.gf. the polyol formula ranges from
about 2 to about 4. 8. The process of claim5 wherein the

rheniumis added to the support in concentration sufficient to provide a
wei ght ratio of elenmental rheniumcopper or Iron Goup netal ranging from
about 0.005:1 to about 0.2:1. 9. The catal yst formed by the

steps described by fanyheiprededs 88BN A Whérsi ?%iﬁ?isscontctd ith 10. A
process for the producti(?ﬁ of C[e’rarﬂ?+ ‘ﬂ‘%’u"éﬂ’ﬁ% car bonsafreoxa %ydrogen
and car bonsstotion wiichsgonitiias,iin additionyto @) atcdaipouhdser saltpef azatalytict i on
conditions, wth a cat algit according to any of preceding clainms 1 through
8. metal, or metals, and b) a polyol as described in said claim 1,

-

o) scompound, orsat, ofsbenim, | NN/ HLANN N

6. The process of claim 5 wherein the catalytic metal, or metals,
rhenium, and the polyol are codeposited from a single solution onto the support
via incipient wetness, the catalytic metal, or metals, comprises copper or an Iron

Group metal, and the polyol has the formula

HOCH, - (CHOH), - CH, OH

wherein 1’ is an integer defining the number of CHOH groups, and ranges from 0
to about 4.

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

and n of the polyol formula ranges from about 2 to about 4.

8. The process of claim 5 wherein the rhenium is added to the
support in concentration sufficient to provide a weight ratio of elemental

thenium: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.

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.



