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The present invention relates to a catalyst for use in a process for the preparation of hydrocarbons comprising cobalt and manganese
and/or vanadium, supported on a carrier, wherein the cobalt: (manganese + vanadium) atomic ratio is at least 12:1. Preferably, the cobalt:
(manganese + vanadium) atomic ratio is at most 1500:1. The invention further relates to a process for the preparation of h
which comprises contacting a mixture of hydrogen and carbon monoxide at elevated temperature and pressure with a catalyst as described
hereinbefore. Typically, at least part of the cobalt is present in the metallic state.




10 active nmetal of Goup VIII of the Periodic Table of the

El enents (Handbook of Chenistry and Physics, 68th edition, CRC

Press, 1987-1988). In particular, iron, ni ckel, cobalt and ruthenium
are well known catalytically active metals for such catalyst. Cobalt -
has been foundghQrdmss be nost suitable for catal ysing a preceeen2s7hi ch
synthesis gas 1s converted to primarily paranjqjc hydr ocar bons
containing 5 or nore carbon atons. |n other words, the Cerr]
selectivity of the catalyst is high. Much research effort has

been directed to finding 20cararLy®riziy PrROCReE FORATHE OPREPERATIGN

sel ectivity than known cat al yst r higher activity.
Thus, European patent specification No 8§Ségéé§?ﬁﬁﬁgh§) descri bes that the
C[err] selectivity of catal ysts conprising cobalt and zirconium
titaniumor chrom um ojpdSpresent Eﬁﬁ@ﬂﬁl&@rfél%rteshﬂ:\ﬂ RJcatalgkt sxdernal -

surface area, can rove cont a the catalyst with a
synt hesi s gas havi mFogesswt Hﬁdgg&eHrFBa %ﬁ%ﬁﬂl?ﬁﬂhﬁbﬁﬂ?ef% ¥ Bti o,
typicatly, from 1. kynthksds gas, that 1sEmrmﬂ:)elaIrqoa:tﬁerttarbpacmbnoaidenaM

178 008 di scl oses cobalt catal ysts supported on a porous carrier,
wher ei n Hydrogen® _ |
5 The preparation of hydrocarbons from synthesis gas is

well known in the art and is commonly referred to as -
Fischer-Tropsch synthesis.

Catalysts suitable for use in a Fischer-Tropsch

synthesis process typically contain a catalytically

10 active metal of Group VIII of the Periodic Table of the
Elements {(Handbook of Chemistry and Physics, 68th
edition, CRC Press, 1987-1988). In particular, iron,
nickel, cobalt and ruthenium are well known catalytically
active metals for such catalyst. Cobalt has been found to

15 be most suitable for catalysing a process in which
synthesis gas is converted to primarily paraffinic
hydrocarbons containing 5 or more carbon atoms. In othe;-
words, the C5+ selectivity of the catalyst is high.

Much research effort has been directed to finding

20 catalysts having a higher cst selectivity than known
catalysts at the same or higher activity.

Thus, European patent specification No. 398 420"
describes that the C5+ selectivity of catalysts
comprising cobalt and zirconium, titanium or chromium on

25 a porous carrier, having a small external surface area,
can be improved by contacting the catalyst with a
synthesis gas having a low hydrogen to carbon monoxide
ratio, typically, from 1.1 to 1l.2.
. European patent specification No. 178 008 discloses
30 cobalt catalysts supported on a porous carrier, wherein



-2- nost cobalt is concentrated in the peel of

particle. Eur opean pat ent speC| fication No. Iﬁ'ﬁ SHEETUHASIBEENS| a
cobalt/zirconia on silica catal yStefe S rxed REPLACED yst bed
whi ch catal yst satisfies a rel atijoTHIBESHNERIHAS N |t he |nterna| surtace
area and the gudesas surface ar ' ipean pat epcTapyddzent i on
publication No. 339 923 d 0 ported cat al yst of cobalt
with Re, H, V, No, Ta, Cr, Zn and Ian@hanlde el ements as possible
10 pronDter net al s. United StatesPatent No. 5,162,284

di scl oses a copper®ost cobaliniy pnasniratedndanthe reakiah the qatalaste
the C5+ sel paktytly. Eur opean.patent specification No.

168 894 discloses 15 gyp o8l ORS¢l Apelcd 216801 Bh ASIU S A 8 W'2A%% LS
Gerr] cobalt/zirconia on silica catalyst for use in a fixed
5 catalyst bed which catalyst satisfies a relation between
the internal surface area and the external surface area.
European patent specification No. 168 894 discloses
an optimal activation procedure to increase the C5+
selectivity of a cobalt-based Fischer-Tropsch catalyst.
10 - European patent specification No. 363 537 describes
an increase in activity of cobalt catalysts supported on
titania, by adding up to 15% by weight of silica to the
titania carrier.
European patent application publication No. 498 976
15 describes catalysts containing cobalt and rhenium
supported on a titania carrier. It is claimed that these
catalysts have .a high~volumetrib productivity (activity).
Despite the research effort in this field there is
still room for improvement. Accordingly, it would be
20 desirable if a catalyst could be found which has an even
higher C5+ selectivity at the same or, preferably, higher
activity than known catalysts. :
It has now surprisingly been found that a catalyst
comprising as catalytically active compounds cobalt and a
25 small amount of manganese and/or vanadium, typically
comprising a cobalt: (manganese + vanadium) atomic ratio
of at least 12:1, exhibits a higher C5+ selectivity and a
higher activity when used in a process for the
preparation of hydrocarbons, compared to catalysts which

30 are otherwise the same but containing cobalt only, or
containing a relatively higher amount of manganese and/or
vanadium.

European patent application publication No. 71 770
describes a process for the preparation of linear
35 o~olefins from synthesis gas. Inter alia cobalt/manganese
and cobalt/vanadium catalysts are claimed to be
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selectivity of a cobalt-based Fischer-Tropsch catalyst.

Eu[ppgan p?tenL Fpecififation No. 363 537 descri bes an increase in
activity of cobalt catal ysts supporteqg-on T a, by adding up to
15% by wei ght of silica to the 28 TH!S&‘ﬁEgT@%Sr$%$p S %urgpean
patent appli cg i99ﬂoﬁgb| i cation No. 494 976 REPLAGED ge | besperkpdenasTs
cont ai ni ng cobalt" and rheni um supported on a titania carrier. It is
claimed that these catal ysts have a_hjgh volumetric productivity
(activity). 25 Despite the research effort_in this field there is

still room for i napplduaitle Anc thiis nprycess. \Whe €He selectivigyspfale if a
catal yst could be Jﬁg}%@ld‘o&pﬁgiﬁe S¥SAt and maryGieee Chearkagebesfi vity

at the same or, pre ably, _hi ﬁ ro. activity than known catal ysts.
30 | t haé‘ﬁbw’§hﬁﬁ@ﬁé% Sry been found that a catal yst
conprissi ng as cat al yt ivzal Idera@tieteet oaboutt®8&lobhl tChemd §oc., Chemgpml |
amount of RANgaNe$Quumyn,, pages 798-79¥PaEsttibe selecti¥@TRbifbEdoR of C3
cobal t: (manganese) atomc ratio : _
’ hydrocarbons from carbon monoxide and hydrogen using
cobalt-manganese oxide catalysts. The cobalt/manganese
ratio is typically 1:1l.
_ International PCT application WO 93/05000 describes a
10 ~ Fischer-Tropsch catalyst comprising cobalt and scandium.
Optionally, the catalyst contains additional promoters

like thoria and/or other materials such as magnesia and

manganese.
"The Fischer-Tropsch and Related Synthesis" by H.H.
15 Storch, N. Golumbic, and R.B. Anderson (John Wiley and

Sons, New York, 1951), referred to in International PCT
Application WO 93/05000 provides a review of early work
on Fischer-Tropsch catalysts, including catalysts
comprising cobalt and manganese and/or vanadium. On page

20 120 reference is made to experiments in which it was
found that cobalt-vanadium oxide and cobalt-manganese
oxide catalysts were inactive as Fischer-Tropsch
catalysts. However, on page_198 reference is made to
experiments in which it was found that a catalyst

25 containing cobalt and manganese in a atomic ratio of
6.2:1 had a higher Cgt selectivity as compared to a
catalyst containing cobalt and thoria, but at a
significantly lower synthesis gas conversion.

Australian patent application No. 46119/85 describes

30 a catalyst containing cobalt, silica and a base or
alkaline material, typically an alkali or alkaline earth
metal. Optionally additional promoters may be present
chosen from salts of elements chosen from the group of

. aluninium, magnesium, zinc, copper, manganese, chromium,

35 vanadium, germanium, boron, molybdenum, lanthanum, the
Rare Earths and the like or combinations thereof and

\
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-2a- of at |least 12:1, exhibits a higher Cferr] selectivity and a

hi gher activity when used in a process for the preparation of

hydr ocar bons, conpared to catal ysts ich afr-e—pt herw se t he sanme but
contai ning cobalt only, or 5 cdmig ISHEGT AASBERN yel y hi gher amount of
manganese. wo,.mm%?luropean pat ent {appl i RE\PLMEQoubI I ¢ati on por/EPd/0EsH
descri bes. a process tor the preparatep—ef—trmear . a-olefins from

synthesis gas. Inter alia cobalt/mnganese. 21Q -

catalyst is clalned tQ be
y sengc or antimony. It is claimed that these catalysts

have a high selectivity towards lower boiling l-alkenes.

Typically, the catalysts according to the present
invention do not contain alkali or alkaline earth metals,

5 apart from possible impurities introduced with starting
materials in the preparation process of the catalysts of
the present invention. Typically, the atomic ratio of
alkali or alkaline earth metals to cobalt metal is less
than 0.01, preferably, less than 0.005.:

10 United States patent specification No. 4,588,708
discloses cobalt and manganese containing catalysts for
use in isomerisation and hydrogenation of olefins and
hydrogenolysis. The cobalt/manganese atomic ratio may
vary between wide limits. In one Example a catalyst has

15 been disclosed, containing cobalt and manganese in an

| atomic ratio of 39:1, on a silica support.

Therefore, according to the present invention there
is provided a catalyst comprising cobalt and manganese
and/or vanadium, supported on a carrier, wherein the

20 cobalt: (manganese + vanadium) atomic ratio is at least
12:1, with the proviso that the catalyst does not contain
cobalt and manganese in an atomic ratio of 39:1 on a
silica support.

According to another aspect, the catalyst comprises

25 cobalt and manganese and/or vanadium, supported on a
carrier, wherein the cobalt: (manganese + wvanadium) atomic
ratio is at least 12:1, and wherein the carrier comprises
titania, zirconia or mixtures thereof.

The catalyst preferably comprises cobalt and

30 manganese, wherein the cobalt : manganese atomic ratio is
at least 12:1.

Preferably, the cobalt: (manganese + vanadium) atomic
ratio is at most 1500:1; more preferably at most 500:1;
still more preferably at most 100:1; most preferably at

35 most 38:1.
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- 3- applicable in this process. The CJerr] selectivity of a

catal yst conprising cobalt and nanganese in aratio of 1:6, is only
50% Van der Riet et al. ( Che og., Chem 5

Coémmun., pages 798-799 describe sel ect WH!S‘SHEHt HA& BEENG err]

hydr ocar bons fgamg, e% pon monoxi de and ydroQEﬁLAGth PCT/EP96/02577
cobal t - manganese "oxi de catal ysts. The ratio is
typically 1:1. | nt er nat i onal PCI.qppllcatlon WO 93/ 05000
describes a 10 Fi scher-Tropsch catal yst conprising cobalt and

scandi um Opt | Bhel cpbailke (BaRgARRse doMtanaddivaddptredsl rakipoier s

l'i ke thoria and/ or pRlelfRirabayeatalleastchs ab; Mofe Prefidbly at led8HJRGESL.

AT G S T SaCe O Tt

and R B NEM/YOrk 1951),
referrdd to in InternaflfoRaprpferred embod%ﬂﬁntmﬂﬁh@nCﬁEWQSFOSQOG prOV|des a

reV'FW/Of early WO&%fractory Qﬁlaéséaﬁfxéf0nﬁﬁﬁmﬁﬁ&ﬁkﬁﬁ%ﬁathﬁﬁéUﬂéﬂﬁactory
20 3120 ref er cfBhde: SAAISES CRELIe LIt GR fitante, ziPeBREn
t hat cobal t - vanadi eom mixdaresdtbebebf, nsuclarses silica-alumindeoraphyyical
were inactive as FipgcRetel 888hNas silica and titania. Preferably, the
carriexr comprises titania, zirconia or mixtures thereof.
10 According to a preferred embodiment, the carrier
comprising titania, zirconia or mixtures thereof, may
further comprise up to 50% by weight of another
refractory oxide, typically silica or alumina. More .
preferably, the additional refractory oxide, if present,
15 comprises up to 20% by weight, even more preferably up to
10% by weight, of the carrier. . '
~The carrier most preferably comprises titania, in
particular titania which has been prepared in the absence
of sulphur-containing compounds. An example of such
20 preparation method involves flame hydrolysis of titanium
tetrachloride. It will be appreciated that the titania
powder derived from such preparation method may not be of
the desired size and shape. Thus, usually a shaping step
is required to prepare the carrier. Shaping: techniques
25 are well known to those skilled in the art and include
palletising, extrusion, spray-drying, and hot oil
dropping methods.
The amount of cobalt present in the catalyst may vary
widely. Typically, the catalyst comprises 1-100 parts by
30 weight of cobalt per 100 parts by weight of carrier,
preferably, 3-60 parts by weight, more preferably,
. 5-40 parts by weight.
In addition to manganese and/or vanadium, the
2 catalyst may comprise one or more additional promoters
35 known to those skilled in the art. Preferably any
additional promoters are selected from Group IIIB, IVB,
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catal ysts. However, on page 198.reference s made to [ [

. . ’ exper

Which it was found that a catalyst 23 =l obal t ang HQHSQ;ZS;n
in a atomc ratio of 6.2:1 h%dTwslﬁ"%m%;gEeﬁ' selectivity as

gogﬁa;ed tgla I cat al yst contai|ni ng BEB nd thoria, but at a
I fican y omer nt hesi s gas conversion Ahntmm#ﬂun

( . at ent
apF!lcatlon qé?éS descri bes 30 a catal yst containing cob:?t,
silica and a base or al kaline materialg _typically an alkali or

al kaline earth nmetal. Optionally additional Rronnt
present chabennbbdem mateks (T Gxawmd idhgdeh ?r%mqélé%’ﬁl oo
gg?g;ﬂ:ﬂg} g§92§3'%ﬁFn%hﬂ9 ni@Bﬂﬁ? , o RfEgATEm, morenpuefesibly Lramfriium
i ke or combi nati OH: g% Opoghgnme AMUM ¢ R oup viIT BRM enEBd oty tdifle
or rhenium, niobium or tantalum. Especially preferred
5 additional promoters include zirconium, titanium,
ruthenium, platinum, palladium and/or rhenium. The amount
of additional promoter,. if present, is typically between
0.1 and 150 parts by weight, for example between 1 and
150 parts by weight, per 100 parts by weight of carrier.
10 The catalyst according to the present invention may
suitably be prepared by methods known to those skilled in
the art, such as by precipitating the catalytically
active compounds or precursors onto a carrier; spray-
coating, kneading and/or impregnating the catalytically
15 active compounds or precursors onto a carrier; and/or
extruding one or ‘more catalytically active compounds or
precursors together with carrier material to prepare
catalyst extrudates.
It will be appreciated by those skilled in the art
20 that the most preferred method of preparation may vary,
depending e.g. on the desired size of the catalyst
particles. It belongs to the skill of the skilled person
to select the most suitable method for a given set of
circumstances and requirements.
25 A preferred method of preparing the catalyst
according to the present invention is by impregnating the
catalytically active compounds Or precursors onto a
carrier. Thus, typically, the carrier is impregnated with
a soiution of a cobalt salt and a solution of a manganese
30 and/or vanadium salt. Preferably, the carrier is '
impregnated simultaneously with the respective metal
salts. Thus, aocording to a preferred embodiment, the
process for preparing the catalyst according to the
present invention comprises co-impregnating the carrier
35 with a solution of a cobalt salt and a manganese and/or
vanadium salt. In case a cobalt and manganese containing
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-4- arsenic or antinony. It is clainmed that these catal ysts

have a high selectivity towards |ower boiling 1-alkenes.

Typically, the catal ysts accordinng to the present i nvention do not
contain alkali or alkaline earth nmetals, 5 apart from possible

I mpurities inkyeskgogss Wi th starting materials in the PCEERPGEZSTN
pr.ocess of the catal ysts of the present invention. Typically, the
atomc ratio of al kali or al kaline earuh netals to cobalt netal is
| ess than 0.01, preferably, |ess than .1 Uni.t ed
States patent spec‘F?F%éY?Bnl‘Nom 4935@3-’9?55'33 RoSt BF%%?B%%JSY G g hg
manganese contalnlﬁgneehafaséa dallution is empéojyeadi shnsuitsatilieomedindd to
hydr ogenati on 0; Oéfhwsa@n&%e 3 condBi{Fa9RAOLYFhE1o NEs 0&?6&%4 pnganese

atomc ratio ma tween_ w limts. In one

catal yst has 15 ml%EEﬁed?§d¢Q%ﬁﬁP cobldi Rikgatsnand %ﬁﬁﬂ?ﬁﬁﬁﬁnﬂ%§¥qq? an
atomc rati® of 39sd18£.38.2:1, on a silica support. Therefore

according 1o the Presehhel INSNILAN {iCtFeatnent 1hoePbRULE] MioRald By

conpri%ing cobalt and on-a
carrier, wherein téeydog and, ceppldangliwhngsadsdping. Drying %ﬁ(ﬁﬁRiQQﬂLX) i S
at | east 1Radri it but her N Rdniperiltairet BE 68t 8bY300 dUESEIIOtu &Y ai N
24 hours, preferably, 1 to 4 hours.
10 Calcination is typically carried out at a temperature

between 200 and 900 °C, preferably, between 250 and
600 °C. The duration of the calcination treatment is
typically from 0.5 to 24 hours, preferably from 1 to
4 hours. Suitably, the calcination treatment is carried

15 out in an oxygen-containing atmosphere, preferably air.
It will be appreciated that the average temperature
during the calcination treatment will normally be higher
than the average temperature during the drying treatment.

The catalyst according to the present invention is

20 typically used to catalyse a process for the preparation
of hydrocarbons from synthesis gas. Typically, when in
use in that process, at least part of the cobalt is
present in its metallic state.

Therefore, it is normally advantageous to activate

25 the catalyst prior to use by a reduction treatment, in
the presence of hydrogen at elevated temperature.
Typically, the reduction treatment involves treating the
catalyst at a temperature in the range from 100 to 450 °c
for 1 to 48 hours at elevated pressure, typically from 1

30 to 200 bar abs. Pure hydrogen may be used in the
reduction treatment, but it is usually preferred to apply
a mixture of hydrogen and an inert gas, like nitrogen.
The relative amount of hydrogen present in the mixture
may range between 0 and 100% by volume.

35 According to one preferred embodiment, the catalyst
is brought to the desired temperature and pressure level



cobalt and manganese in the formof a solvated dispersion in an

atomic ratio of 39:1 or 38.2:1 on a silica support. Accor di ng
to another aspect, the catalyst conprises.25 uuuﬁ_& and manganese,
supported on a carrier, wherein THIS SHEEIHAS BaEYqnese)

atomc wbdbiesi s at | east 12:1, fand WREPEAGERD he cdrri FCTEPIZERES
titania, zirconira or m xtures thereof. he catal yst preferably
conprises cobalt and 30 manganese, where|@ the cobalt : manganese
atomc ratio is at |least 12 e

bly, the
cobal t: (manganese) iR a nitroggp,gas atm°sPherFat§Bb?§q3Fnﬁi¥ Yy Fatalysite
preferably at nost G80ctnptacted w1th|aIgaﬁnm;xmueéecabtgiaingnsmlgjx)smalanst

EE%[?EERE&TaEHEET amoiRt! 0#8h¥drogen gas, the rest being nitrogen gas.
During the reduction treatment, the relative amount of
5 hydrogen gas in the gas mixture is gradually increased up
to 50% or even 100% by volume. '

If possible, it is preferred to activate the catalyst
in-situ, that is inside the reactor. European patent
application No. 95203040.1 describes an in-situ catalyst

10 activation process which comprises contacting the '

|  catalyst in the presence of hydrocarbon liquid with a
hydrogen—containing gas at a hydrogen partial pressure of
at least 15 bar abs., preferably at least 20 bar abs.,
more preferably at least 30 bar abs.. Typically, in this

15 process the hydrogen partial preésure is at most 200 bar
abs. |

In a further aspect, the present invention relates to
a process for the preparation of hydrocarbons, which
comprises contacting a mixture of carbon monoxide and

20 hydrogen at elevated temperature and pressure with a
catalyst as described hereinbefore, typically comprising
cobalt and manganese and/or vanadium, wherein the
cobalt: (manganese + vanadium) atomic ratio is at least
11:1.

25 The process is typically carried out at a temperature
in the range from 125 to 350 °C, preferably 175 to
275 °C. The pressure is typically in the range from 5 to
150 bar abs., preferably from 5 to B0 bar abs., in
particular from 5 to 50 bar abs.

30 Hydrogen and carbon monoxide (synthesis gas) is
typically fed to the process at a atomic ratio in the
range from 1 to 2.5. It is known that low hydrogen to
carbon monoxide atomic ratios will increase the Cg*
selectivitj of Fischer-Tropsch catalysts. It has now most

35 surprisingly been found that the Cs* selectivity of the
catalyst according to the present invention is remarkably

_—
_—
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The cobal t: (manganese) atomc ratio is preferably at

| east 15:1; nore preferably at |east 16:1; still nore preferably at
| east 18: 1. In a preferred enbodi nent, the carrier is a 5
réfractory oxide carrier. Exanples of suitable refractory oxi de
carriers inclugeoglppgdyna, silica, titania, zirconia OPCTIEPI502573

t hereof, such as silica-alum na or, physical m xtures such as silica
and titania. Preferably, the carrier <c@prises titania, zirconia or
m xtures thereof. 10. Accor di to a. pref.erred enbodi nent, the
carrier conBi PRy ngVER: ST SUML FVRLASP AR SAt BEVEREr ot Thmy

further conprise uphwdrsganb90me¢§pnncnonpxﬁd&uatomic ratief r ot aryrefkexieed
typically silica or egbdBliR@ntMof ethe hydroddr¥c¥ ¥ynthekis BAGELE0NGE the
refractory oxide, if pres%nth 15 ., w&fnﬁ{ufes up,to 20% by melgﬂé, even,
more preferably up P§esent invemtiop, \themydraosm, Lo, gprban monoxide atomic
The carrier $most prebéiabiy tonphe sengde tfyroma,1.5nto 2.5. particul ar
titani a which has been p ' ﬁggga : 0. : .

sul phut - cont ai ni ng corrpgfﬁﬁdgggg?é%(g]meﬁ e of q'geﬁ'é’ﬁl%é’ may ¢’%$%£)‘51r% jl'rcl)nmfr%? hod
i nvol ves flame hydr 5PRgR§ 8Rd: 1% FyRiF211lY in the rapgeofrem. 499 eI be

appreci ated that theobbbamNldl/h, for xumise dRyom/ @80f LOMIBOCND/ B ation
Thapn oY 0ot Pe of  rne prblfss P the HpdideibaPEs diiPoctBbild ity
10 be conducted using a variety of reactor types and
reaction regimes, for example a fixed bed regime, a
slurry phase regime or an ebullating bed regime. It will
be appreciated that the size of the catalyst particles
may vary depending on the reaction regime they are
15 intended for. It belongs to the skill of the skilled
person to select the most appropriate catalyst particle
size for a given reaction regime.
Further, it will be understood that the skilled
person is capable to select the most appfopriate
20 conditions for a specific reactor configuration and
reaction regime. For example, the preferred gas hourly
space velocity may depend upon the type of reaction
regime that is being applied. Thus, if it is desired to
operate the hydrocarbon synthesis process with a fixed
25 bed regime, preferably the gas hourly space velocity is
chosen in the range from 500 to 2500 N1/1/h. If it is
desired to operate the hydrocarbon synthesis process with
a slurry phase regime, preferably the gas hourly space
velocity is chosen in the range from 1500 to 7500 Nl1l/1/h.
30 The invention will now be illustrated further by
means of the following Examples.
EXAMPLE I (comparative)
Commercially available titania particles (30-80 MESH)
of the rutile variety were impregnated with a
35 concentrated cobalt nitrate solution.



Is required to prepare the carrier. Shaping techni ques 25 are wel |

‘known to those skilled in the art and incl ude pal | eti sing,
extrusion, spray-drying, and hot oil dr oppi ng net hods.

The amount of cobalt present in the catal yst nmay vary wi del y.
Typically, thg ¢ é@ﬂst conprises 1-100 parts by 30 wei REIVERSS/0258D al t
per 100 parts rght of carrier, preferably, 3-60 parts by

wei ght, nore preferably, 5-40 parts-bygwei ght.

I n
addi ti on to nanganese, t he catal yst C rjse
one or more additional TheofplBELONLWaS PIERRRRT Py Pﬁ&génék??ﬁg% tjonr%ihe_ art .
Preferably any nitratedi(cbqNai) pt 6ipldlerto & degperetutef obn® &G dup Yhus,

of ] ‘nitrate to dissolve in if® &ableryeidl s
of Group VI11 of tFEEAASGIPE FohFa or o o oe

water. The impregnated titania particles were dried for
5 2 hours at 120 °C and subsequently calcined in air for
4 hours at 400 °C. The catalyst (I) thus produced
contained 10% by weight of cobalt compounds; expressed - as
cobalt metal.
EXAMPLE Il _
10 The procedure of Example I was repeated but now the
impiegnating solution contained in addition manganese
nitrate. The solution was prepared in the same way as -
outlined in Example I, but part of the solid cobalt
nitrate was replaced by manganese nitrate
15 (Mn (NO3) 2.4H20) . .
The catalyst (II) contained 10% by weight of metal
compounds, expressed as metal. The cobalt:manganese
atomic ratio amounted to 20:1.
EXAMPLE III (comparative)
20 The procedure of Example II was repeated, but the
impregnating solution contained more manganese nitrate.
The catalyst (III) contained 10% by weight of metal
compounds, expressed'as metal. The cobalt:manganese

atomic ratio amounted to 10:1.

25 EXAMPLE IV

Catalysts I, II and III were tested in a process for

the preparation of hydrocarbons. Microflow reactors A, B
and C, containing 10 grammes of catalysts I, II and III
respectively, were heated to a temperature of 260 °C, and

30 pressurised with a continuous flow of nitrogen gas to a
pressure of 2 bar abs. The gatalysts were reduced in-situ
for 24 hours with a mixture of nitrogen and hydrogen gas.
During reduction, the relative amount of hydrogen in the
mixture was gradually increased from 0% to 100%. The

35 water concentration in the off-gas was kept below
3000 ppmv.



rhenium niobiumor tantalum nore preferably from G oup | VB, the

noble metals of Group VIII of the Peri odi C Tabl e or rhenium

ni obi umor tantalum Especially pref gt addi.ti onal pronoters

i-ncl ude zirconium titanium JH!%@HEEWASI BEENLM pal | adi um and/ or

rheni um The ¥Psifoas: of additional RERAMAGEBr, if| presemtrEpssmasrr

typically between 0.1 and 150 parts by wergtts for exanpl e between
.1 and 150 parts by weight, per 100 pafjs-by weight of carrier. 10

The catal yst according_to_the present jinvention may sui t abl e

prepared by nethods kngﬁn]rlPUlPQOE%d‘é‘R‘FJ}qnedtlhﬁ Pressuretﬂﬁsa?‘?cr%a/a@ by

precipitating the eatbayt absl|¥he reacticrmase carrpjedndatowiph es miodreont o

a carrier; spray- e hgd{oggﬁt LAg. cgﬁ&ﬁp ¥ o¥1Ye0 atI Qpﬁ‘g%at é.f'&n:t.@e:atlo

catal yti cal | y 15 ng ds of precurso rrier; and/o
extrudi ng one or nBfe2é¢drappdi gaFegrerature &fnmEdn § ofthe Gusv afm@ttﬁ-’%c#%
together w sh carrigeo mayerhal to prepare cat al yst extrudates.

prefert ed method of pr B85r SroR Febe s’ 101 bafleang & Irdate

desired size of thhyglaps;aybpn produc‘@apqn dlidge |qatbéw§ﬁgperoh@m Fnd | the

the skilled per sonc5+ selebﬁ:ﬁf’c??teiﬂ%m axlial 9Rligh¥ebBpLehPigd S ik

set of ¢l rcl‘tmE ?nﬁ grgggrﬂoguﬂfoep cq: were determined for each of
10 the reactors after 100 hours of operation.

The results are set out in Table I.

TABLE I
Reactor: A B C
Catalyst I 1I _ III
(no Mn) (Co/Mn = 20) (Co/Mn = 10)
STY (g/l/h) 70 100 65
Cst select. 89 91 87

(%)

It will be appreciated that both the activity and the
selectivity of catalyst II, according to the invention,
is much better than the activity and selectivity of

15 catalysts I and III, not according to the invention.

Accordingly, in a further aspect, the invention
relates to the use of manganese and/or vanadium for the
purpose of increasing the activity and/or Cg* selectivity
of a cobalt-containing catalyst in a process for the

20 preparation of hydrocarbons.

-
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referred nmet hod of preparing the catalyst accordi ng

°ta€t f Jﬂlﬂlﬁmmﬂﬂﬂﬂ | A e Thas. Typi cal |

fri“etr". {Thus, typically, the
carriet is i'npfeghated with t salt and a

solutron of a se 30 sal t. Pref erpdu/geosniser
carrier “ﬂﬁgﬂﬁgﬁpregnated srnultaneousLylgnth the respective netal
salts. Thus, according to a preferred enbodi nént, th or
preparing the catal yst according to the preseﬁﬂ“SﬁUﬁﬁFﬂﬂﬁséga%rises
co-inpregnating the carrier 35 with @ sahutirs df a cBBBLACEaIt afd a
manganese " salt. In case a cobalt and manganese cont al ni ng
- 8- in a nitrogen gas atnDsphere Subsequently, the catalyst

is contacted with algash mattakystc comprasiBgorrha sﬁi’dlmanganese and/or

vanadium, supported on a carrier, wherein the
cobalt: (manganese + vanadium) atomic ratio is at least
12:1, with the proviso that the catalyst does not contain

5 cobalt and manganese in an atomic ratio of 39:1 on a
silica support.

2. A catalyst comprising cobalt and manganese and/or
vanadium, supported on a carrier, wherein the
cobalt: (manganese + vanadium) atomic ratio is at least

10 12:1, and wherein the carrier comprises titania, zirconia
or mixtures thereof.

3. A catalyst as claimed in claim 1 or 2, wherein the
cobalt: {manganese + vanadium) atomic ratio is at least
15:1.

15 4. A catalyst as claimed in any one of claims 1 to 3,
wherein the cobalt:(manganese + vanadium) atomic ratio is
at most 1500:1. '

5. A catalyst as claimed in any one of the preceding
claims in which at least part of the cobalt is in the

20 metallic state.

6. A process for the'preparation of a catalyst as
claimed in any one of claims 1 to 4, which comprises
impregnating the carrier with a solution of a cobalt salt
and a solution of a manganese and/or vanadium salt,

25 followed by drying and, optionally, calcining.

7. A process as claimed in claim 6, which comprises co-
impregnating the carrier with a solution of a cobalt salt
and a manganese and/or vanadium salt.

8. A process for the preparation of a catalyst as

30 claimed in claim 5, which comprises subjecting a catalyst
‘as claimed in any one of claims 1 to 4 to a reduction .
treatment in the presence of hydrogen.

This Sheet Has Been Re: ﬁ
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anmount he rest being nitrogen gas. During the
I'edUCtl l '] “ﬁmt“mm“ rel ati ve amount of 5 hydr ogen gas in the gas

m xture I graduakl ysintreased up THI 1 100% by vol une.
If possible, it is preferred to acti vctg§§§'%§\c€(§/g in-situ, that
is inside the woamegdsa nternational Ratent Publ i cat | ROT/END6/02877. 7137

describes an in-situ catal yst 10 activatipp process which conprises
contacting the ‘catal yst in the presence of hydrocarbon liquid with
a hydr ogen- contai ning gas at a hydrogen partial pressure of

at :ceas; | 15 :)alr abfgéop%eﬁﬁé%@éy ga}dr |1ﬁﬁfpr%@abat;ahsof hydrocarborsy which
preferably at |eas ar_a

hydr ogen parti al pr&?EBFéS?E %n%é{?i‘%g(# ¥m.;!t§lr% of ééf)bon néhokide J"rﬂf a
further aspect, thehydsegae abvelevaked émafcare and PresgiER skt & the
p][ epargti on of hédr 9_@35@_ B8, as Wi £ined in tgldﬁ_ﬁ{fﬁ{l ses contacting a mxture
~of carbon nopoxi de at_ el.eva

 pressure W tE 14° aﬁﬁt%?y%#%%%@%bﬁ%@&%@? |n‘% ‘?Ro)? L%Jypl ca ms 1

conpri$ing tob&l inaadprecesscte; the preparation owm@rwamns.
cobal t: (manganese) atomc ratio is at |east 11:1. 25
The process is typically carried out at a tenperature '

This Sheet Has Been R
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in the range from 125 to 350 [err]CV_pfeferany 175 to 275[err] C

The pressure is typically in the rardéﬂsﬁwmxﬁ}; ! 150 bar abs.",, **~;
pgeferably from5 to 80 bar abs., i REW pEFLN r. from 5°to, 50 ,har,”
abs. 30 Hydr ogen and car borr—eqex Csynt hegi s 'gas),.i.5 - .,
typically fed to the process at a atom c ragio in the - range from1
to 2.5. It is known that | ow hydrogen to carbon nonoxi de atom c
ratios wll inonessecdtbal€] esrfoncentratedl ent thiet peell bifscher catapssit
catal ysts. It ~00%4 gost 35 surprisingly been found that the Cerr]
selectivity of e - catal yst according to the present invention is
remar kabl y Eurqpear/ papant specification No. 167 215 discloses a

PCT/ EP96/ 02577 cobalt/zirconia on silica catalyst fér use in a fixed
5 catalyst bed which catalyst satisfies:a relation between
the internal surface area and the external surface area.

European patent application publication No. 339 923
discloses a supported catalyst of cobalt with Re, HEf, V,
Nb, Ta, Cr, Zn and lanthanide elements as possible

10 promoter metals.

United States Patent No. 5,162,284 discloses a copper
promoted cobalt mangaﬁese catalyst to increase the Cgt
selectivity. - \

European paﬁent specification No. 168 894 discloses’

15 an optimal activation procedure to increase the Cg™
selectivity of a cobalt-based Fischer-Tropsch catalyst.

European patent specification No. 363 537 describes
an increase in activity of cobalt catalysts supported on
titania, by adding up to 15% by weight of silica to the

20 ' titania carrier. '

European patent application publication No. 498 976
describes cétalysts containing cobalt and rhenium
supported on a titania carrier. It is claimed that these
catalysts have a high volumetric productivity (activity).

25 Despite the research effort in this field there is

'.still room for improvement. Accordingly, it would be
desirable if a catalyst could be found which has an even
higher Cg* selectivity at the same or, preferably, higher
activity than known catalysts.

30 , It has now surprisingly been found that a catalyst
compriéing as catalytically active compounds cobalt and a
small amount of manganese and/of vanadium, typically
comprising a cobalt: (manganese + vanadium) atomic ratio

This Sheet Has Been REﬂ
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catalyst is to be prepared, nost preferably a highly concentrat ed
solution is enployed. A suitable nmetped—te E ffve at such a. . 7.
concentrated solution is to use a TH!S SHEEtTdﬁ%Sgg l$1(rl.ten cobal t. nitratke
and manganese nitrate 5 sal ts. - REPLACEDrhe i.fpregnation treat ment:
is typically foll owed by dryi ng and, _optionally, calcining. Drying
is typically carried out at a terrﬁe?gtl]re of 50 to 300 [err]C for up
to 24 houyrs r ef Yo X : + i i [
typically carr i%ed aiotultO'Leaafs(‘:i-';la]tbée'rr]i)’e;Ie a’%l'glrbgiég)'t_g snl%kg?l\r/\e%% 280%1%1%%8%[%??] %:
preferably, bethigreR5ctinity when goeed ekt | pIoees®ir B0F ofhdf t he

cal ci nation tr‘iﬁt{ﬁlﬁaﬂ&n of h}{)&ﬁ’&&%&ﬂsfréﬁﬂ\ 2 Ped Oc@4chOMl $st 8 heenbl y

from1l to ours. Suitably, the calcination treatpent |s carried 15

out in an oxyg@re MRETHIRE R0 FARe Ul rePREabrIngG Fobalt onlyy of; || pe

appr eci af ed th%ﬁ{ﬁﬁ%ﬁ{)@%é%@ﬂ@lyﬂrmgmr amodnt i 6f thargaatsénahdgor
treatnent will nor raaj I e hi gher than the average tenperature
during the dryiif'@ ment . The catal yst according to the

present invention iBudfpean pdtygmitcadpyl icedicon pebhigaeianplocess 7P t he
preparation ydr S Y, £s) o FYPE y, when in
Ssae eSS 0T oot RSB pRE AL 8R oV RL AR |

use in that pr E{: sent -inits

metallic state.a-olefins from synthesis gas. Inter alia coba manganese
10 and cobalt/vanadium catalysts are claimed to be
MVM12/TS0404PC
Thislslliiet[iiiflalilelnli{eliliwd
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Thérefore, it is normal |y advant ageous to activate 25 t he catal yst
prior to use by a reduction treatnent -t he presence -of - hydroqen .

at el evated tenperature. - Typi ?H{S/SH @PHA@#E%N' on treatnment_ - .+
i nvol ves treating the “catalys in the range fr'om;
100 to 450 [err]C for 1 to 48 Ly vafe pressure, typically
from1l 30 to 200 bar abs. Pure hydrogemn nay be used in the

reduction treatnment, but it is usuall preferred to_ap m xture

of hydrogen and2BfePA&r PTgRRtYMORY nikt dgeslaimed thaﬂm¥h%§%ﬂ¢%%ﬁbﬁ%%ﬁt of
hydrogen presenhaig ahaighxiselectivity ﬂm;an“crmgem@ﬁ vm:emihg':mﬂ-alpr@&ﬁ@y.

o 35 o the dASPIERTI, HROS RIS S BRI D ol Y
97/ 00231 invention do @EﬁfEE@ﬁkﬁZBhﬂkall or alkallne earth metals,
5 apart from possible impurities introduced with starting
materials in the preparation process of the catalysts of
the present invention. Typically,.the atomic ratio of
alkali or alkaline earth metals to cobalt metal is less
than 0.01, preferably, less than 0.005.
10 United States patent specification No. 4,588,708
| discloses cobalt and manganese containing catalysts for
use in isomerisation and hydrogenation of olefins and
hydrogenolysis. The cobalt/manganese atomic ratio may
vary between wide limits. In one Example a catalyst has
15 - been disclosed, contaﬁflng cobalt and manganese in an
atomic ratio of 39:1% on a silica support.

Therefore, according to the present invention there
is provided a catalyst comprising cobalt and manganese
and/or vanadium, supported on a carrier, wherein the

20 - cobalt: (manganese + vanadium) atomic ratio is at least
12:1, with the proviso that the catalyst does not contain
nthe form of oo sotvated dispzrsions 38.2:1
cobalt and man§§ﬁ€§%YTHqEE—EEBEIE_f§tlo of 39.TV6E—E“J
silica support.

According to another aspect, the catalyst comprises

25 cobalt and manganese and/or vanadium, supported on a
carrier, wherein the cobalt: (manganese + vanadium) atomic
ratio is at least 12:1, and wherein the carrier comprises
"titania, zirconia or mixtures thereof.

The catalyst preferably eomprises cobalt and

30 manganese, wherein the cobalt : manganese atomic ratio is
at least 12:1. '

Preferably, the cobelt:(manganese + vanadium) atomic
ratio is at most 1500:1; more preferably at most 500:1;
still more preferably at most 100:1; most preferably at

35 most 38:1. '
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ih a ni trogen gas atnosphere. Subsequently, the catalyst S

contacted with a gas mixture containing only a snmall c.amount ofs  ~es-
hydr ogen gas, the rest being nitrogen—gas |ng the reduction .
treatment, the relative anmount of 5 THK%§HE @ﬁség¥ iln the: ga§1n1xtUﬁea|s
gradual ly increased up to 509% or eﬁEﬁL ol une.

If possible, it is preferred to activatre the catalyst I n-situ, that
is inside the reactor. European patent =~ 11 - application No. 95203040.1
describes an oS! b LANAING rdhct fon ACtAY L ODSREQCRSS IOLEDACOAPLLSES
contacting the catalyst in't pres rocar IQUI8 with
a hydr c?gferha@b mk$ ni e gesagkien h\y@ﬁa ogeRrr padt mat pitbsarwigture

at }eaSL|15 Pa&nﬁ Bydc @ﬁeé%@|daﬁ%oﬁe@??oi@déaﬁgaQSHg/Co atomlEDESt#ﬁ
preferably a S ar abs i ca n | process e .
hydrogen parti & ;%f%ﬁnﬁ%ﬁl% Ggm g %Qrboo C. ThgsGHSV amounted g g
furthersaspect gsdtharpfeqent invention relates to a process for the

preparation of hydrgcarhons i ch Ses_co tactln a mxture
of carbon nonoxi de &hd SFECe LIRS ¢f bRk éﬁTgFévgf%ﬁe?ﬁ e?ﬁtgf |
pressure with @ydrocarbemtptyducaspelestitbedcabadyabeperehotypi eall yhe

conpri si ng Cst selectivity, expressed as a weight percentage of the
_ total hydrocarbon product, were determined for each of
10 the reactors after 100 hours of operation.
The results are set out in Table I.

TABLE I
Réactor: A B C
Catalyst I (Compardive) TT III ( compeatative)
(no Mn) (Co/Mn = 20) (Co/Mn = 10)
STY (g/1/h) 70 100 65
Cgt select. 89 91 87

(%)

It will be appreciated that both the activity and the
selectivity of catalyst II, according to the invention,
is much better than the activity and selectivity of

15 catalysts I and III, not according to the invention.

' Accordingly, in a further aspect, the invention
relates to the use of manganese and/or vanadium for the
purpose of increasing the activity and/or C5+ selectivity
of a cobalt-containing catalyst in a process for the

20 preparation of hydrocarbons.

—_—
Ths&wa

WA

AMENDED SHEET



cObaIt and manganese and/or vanadi um wherein the cobal t:

(man anese+vanad|urr) atomc ratio is ?Q’QS 11:1. 25 |
The progmmum“mu ﬂll“ carried out af FE%Tr HASBEEN © in.the.range
from12 referably 175 EPLACER75 [grr]C.. The pressyre
is typical |y i h the range from5 to - 150 bar abs, preferably from5
to 80 bar abs., in : particular fraoamip to 50 bar abs. 30
Hydr ogen and carbon nonoxi de (synthesis gas) is typically fed to
the process at a atomic ratio in the range from1l to 2. g5 loi0i4s
known that -| ow hydrogen to carbon nonoxi de atomc ratios wll
I ncrease the (Jerr] selectivity of Fischer-Tropsch catalysts. It

has now nost 35 surprisingly bee@ LoAndl Mh8t the Clerr] selectivity
of the catal yst according to the present invention is remarkably

1. A catalyst comprising cobalt and hanganesé and/or
vanadium, supported on a carrier, wherein the
cobalt: (manganese + vanadium) atomic ratio is at least
12:1 and at most 1500:1, with the proviso that the
5 catalyst does not contain cobalt and manganese in the
form of a solvated dispersion in an atomic ratio of
39:1 or 38.2:1 on a silica support.
2. A catalyst comprising cobalt and manganese and/or
vanadium, supported on a carrier, wherein the
10 cobalt: (manganese + vanadium) atomic ratio is at least
' 12:1, and wherein the carrier comprises titania,
zirconia or mixtures thereof. |
3. A catalyst as claimed in claim 1 or 2, wherein the
cobalt: (manganese + vanadium) atomic ratio is at least
15 15:1. _
4. A catalyst as claimed in any one of the preceding
claims in which at least part of the cobalt is in the
metallic state.
5. A process for the preparation of a catalyst as
20 claimed in any one of claims 1 to 3, which comprises
impregnating the carrier with a solution of a cobalt
salt and a solution of a manganese and/or vanadium
salt, followed by drying and, optionally, calcining.
6. A process as claimed in claim 5, which comprises
25 co-impregnating the carrier with a solution of a cobalt
salt and a manganese and/or vanadium salt.
7. A process for the preparation of a catalyst as
claimed in claim 4, which compriseé subjecting a
catalyst as claimed in any one of claims 1 to 3 to a

30 reduction treatment in the presence of hydrogen.
This Sheet Has Been RTlaced
(LT T——



Fol | omi ng reduction, the pressure was increased to 26 bar abs. The

reacti oglmumullﬁmm with a mxture of hydrogen and carbon :
nonoxi d tomc ratio of 2:1, and a tenperature of
200 [err]t ‘Thé Gfisvianbunted to 5 - 800 N1/1/h. -7 ... The» space
time yield (STY), expressed as granmes hydr ocar bon product per
litre catal yst per hour, and the  -CRérr] selectivity, expressed as a
wei ght percentage of the t otal hydrocarbon_product, were determ ned

for each of 10 A 1BROGRSR L ERE Hhe PraRRrabies of BYeresrpRons,
The results ar Qvlﬁf&h 0¢5mpf‘1§@@|@oﬂ1tact1ng a mlxture of carbon monoxide

TABLE |

Cat al yst 30 dSHPEI9ET R Slgvated tomperatyrsend; pEyesure with
(no M) (CaH Matal@t ad CGolatmed 1) claim 4.STY (g/l/h) 70

2.00/‘;) 5 $O Use of g@éfil;ﬂ e¢l claifidd in ahy ondlof claims®{

to 4 in a process for the preparation of hydrocarbons.

MVM12/TS0404PC
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F will be apbrem ated that both the activity and the ﬁféﬁail vity

of catalyst 11, according to the invention, I's much be MﬁNﬁﬂHEEL
activity and selectivity of 15 catalysts | and I'll, not accordipg to

t he i nvention. ~Accordingly, in & further aspect t he i nvention
relates to the use of nmanganese - for the pur pose

of increasing tRgsRCHLWaY @'&d/c.‘?fnc.grﬁ:"ﬂa]te?ﬁll%tt'h\é t;i(eel of thdllcadtalyst
cobalt-containing catalyst in a process for th preparation of

hydr ocar bons. Pparticle. 12

European patent specification No. 167 215 discloses a
-cobalt/zirconia on silica catalyst for use in a fixed
5 catalyst bed which catalyst satisfies a relation between
' the internal surface area and the external surface area.
European patent application publication No. 339 923
aiscloses a supported catalyst of cobalt with Re, Hf, V,
Nb, Ta, Cr, Zn and lanthanide elements as possible
10 promoter metals. | ' |
. United States, Patent No. 5,162,284 discloses a copper
promoted cobalt manganese catalyst to increase the Cg*
selectivity. E
European patent specification No. 168 894 discloses
15 an optimal activation_prdcedure to increase the Cg*
" selectivity of a cobalt-based Fischer-Tropsch catalyst.
European patenc specification No. 363 537 describes
an increase in activity of cobalt cataiysts supported on
titania, by adding up to 15% by weight of silica to the
20 titania carrier. |
European patent application publication No. 498 976
describes catalysts containing cobalt and rhenium
supported on a titania carrier. It is claimed that these
catalysts have a high'volumetric productivity (activity).
25 - . .Despite the research effort in this field there is
still room for improvement. Accordingly, it would be
desirable if a-catalyst could be found which has an even
higher Cg* selectivity at the same or, pfeferably, higher
activity than known catalysts. .
30 It has now surprisingly been found that a catalyst
comprising as catalytically active compounds cobalt and a
small amount of manganese,- typically
cbmprising'a cobalt: (manganese) | atomic ratio

REPLACEMENT‘SHEE 5 , 5G

?)escnptlon paged ..... paged e
Claim(s) :paged (2. to paged ..
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) [ Abstract : paged ... to paged ...
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CLAI M$& 1. A catalyst conprising cobalt and nmanga
supported on a carrier, wherein the cobal t: (manganese) rBEPECEMENT SHEET
atomic ratio is at |east 12:1 and at nost 1500:1, with the proviso
that the 5 catal yst does not contain cobalt and rmanganese in the
formof a solvated dispersion in an atom € 2at+o of 39:1 or 38.2:1

on a silica support. 2. A catalyst conprising cobalt and manganese,
supported on a ©&r eteleasteldid t lexhidpits a ddigher Qengeles®)ivity and a
atom ¢ ratio i SyabHeddtletivicy whbh heeldiMaChltddl® S RS COMPI ses

titania, Zirconia or mxtures thereof . A catalyst as
claimed in clai RrEPGTaEiom&feiydnasarbons, q%mrte.d( %Wats which

atomc ratio isage lR3erwi®e the Bamk but conta&ny% adcaid @sl¢l adped in

gg)l;alotn € g i ;hte hpro% aq.lnn%g a relatllvaellr{/!s hllnghmelhxl' Camount oatStm r?gratneosfe.t he

European patent application publication No. 71 770
describes a process for the preparation of linear
a-olefins from synthesis gas. Inter alia cobalt/manganese .

10 _ } catalyst is claimed to “be

o
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nétallic sfatéﬁ 5. A process for the preparation of a CﬁﬂﬁhﬁgﬂEﬁfSHEEr

- 20 claimed in any one of clains 1 to 3, which conprises

i npregnating the carrier with a solution of a cobalt salt and a
sol ution of a manganese salt, fotl8wed by drying and, optionally,
cal ci ni ng. proc Uend cQl rlses 25
co-inpregnatnﬂf3¥ﬂ5?£§¥|%? gﬁ?ﬁaérééggge Th@ é g%§FF%qw&Qy sdlt and a
manganese catalyst compaislng cobalt?and pauqasgsaonntlaerprte-pvam|on of
a catalyst as 4 ngggin claim 4, mhlch conprises subjecting a
catal yst as clalnedlln any_one’of clains to 3 to a 30 reducti on
treatment in the pfarede® Riehy@Eoden. (1996) J. Chem. Soc., Chem.

5 Commun., pages 798-799 describe selective formation of C3

hydrocarbons from carbon monoxide and hydrogen using
cobalt-manganese oxide catalysts. The cobalt/manganese
ratio is typically 1:1.
International PCT application WO 93/05000 describes a
10 Fischer-Tropsch catalyst comprising cobalt and scandium.
Optionally, the catalyst contains additional pzemoters
like thoria and/or ‘other materials such as magnesia and

- manganese. : _
"The Fischer~Tropsch and Related Synthesis" by H.H.
15 Storch, N. Golumbic, and R.B. Anderson (John Wiley and

Sons, New York, 1951), referred to in International PCT
| Application WO 93/05000 provides a review of early work
on Fischer-Tropsch catalysts, including catalysts
comprising cobalt and manganese. On page
20 120 reference is made to experiments in which it was"
found that cobalt-vanadium oxide and cobalt-manganese
oxide catalysts were inactive as Fischer-Tropsch
catalysts. However, on page 198 reference is made to
experiments in which it was found that a catalyst
25 " containing cobalt and manganese in a atomic ratio of
6.2:1 had a higher Cs* selectivity as compared to a
catalyst containing cobalt and thoria, but at a
significantly lower synthesis gas conversion.
_ Australian patent application No. 46119/85 describes
30 . a catalyst containing cobalt, silica and a base or
alkaline material, typically an alkali or alkaline earth
metal. Optionally additional promoters may be present
chosen from salts of elements chosen from the group of
aluminium, mégnesium, zinc, copper, manganese, chromium,
35 vanadium, germanium, boron, molybdenum, lanthanum, the
Rare Earths and the like or combinations thereof and
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CLAI MS . 1. ‘A cat al yst conprising cobal t and mngaﬂEMCﬁWNGrSHEET
vanadi um supported on a carrier, wherein the cobal t: (manganese +
vanadi um) atomc ratio is at Ieast 12:1 and at nost 1500:1, with

the proviso that the 5 catal yst does not contain cobalt and manganese

in the formof a solvated dispersi@n-in an atomc ratio of

39:1 or 38.2:1 on a,silica su catal yst conprisi-ng cobalt
and manganese 3h8PBAC OT antl&&ﬁ&dl&ﬁnl§uﬁﬁéﬂﬂﬁﬂ Shat theseca $ the

10 cobal t: ha&aganeﬁ@ws\éa@@wlwrﬂtﬁtt@ma&dsatno@elrs bfillieRstli-alkenes 12! 1,
thereor. - C3IVRT il o tHE CAAHAES ASSORITE G ZESEENY he
cobal t: (rranganésxeaeﬂtmrmadilwm)otatamﬂtcamataildcai]s. atr ladaet ke eartiHmdtals,

5 apart from possible impurities introduced with starting
materials in the preparation process of the catalysts of
‘the present invention. Typically, the atomic ratio of
alkali or alkaline earth metals to cobalt metal is less
than 0.01, preferably, less than 0.005. ~ :

10 - United States patent specification No. 4,§§§,708
discloses cobalt and manganese containing catalysts for
use in isomerisation and hydrogenation of olefins and
hydrogenolysis. The cobalt/manganese atomic ratio may .
vary between wide limits. In one Example a catalyst'has

15 been disclosed, containing cobalt and manganese in an
atomic ratio of 39:1 or 38.2:1, on a silica support. |

Therefore, according to the present invention there
is provided a catalyst comprising cobalt and manganese{
supported on a carrier, wherein the

20 cobalt:(manganesgl_; atomic ratio is at least

' 12:1, with the proviso that the catalyst does not contain

cobalt and manganese in the form of a solvated dispersion in an
atomic ratio of 39:1 or 38.2:1 on a silica support.

' Sty
'

_ According to another aspect, the catalyst comprises
.cobalt and manganese, supported on a
carrier, wherein the cobalt: (manganese) : atomic

N
th

ratio is at least 12:1, and wherein the carrier comprises
titania, zirconia or mixtures thereof.
The catalyst preferably comprises cobalt and
30 manganese, wherein the cobalt : manganese atomic ratio is
at least 12:1. ' '
Preferably, the cobalt: (manganese) atomic
ratio is at most 1500:1; more preferably at most 500:1;

_ still more preferably at most 100:1; most preferably at
35 most 38:1.
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‘4. A catal'yst as clained in any one of the preceding Cl:ﬁﬂiAhﬁWENTSHEET

which at |east part of the cobalt is in the metallic st
5. A process for the preparation of a catalyst as 20 " claimed in any
one of clains 1 to 3, which conprises - S +npregnating the carrier with

a solution of a cobglt . ~sal t__and sol ution of manganese _and/ or
vanadi um sa&%? F@H?ﬁﬁﬂjﬁiPQﬁ%ﬁ , optiond?F?ngaFEEHPn@§

6. A process aspredierailiyn at digast; Miilh monprpseterably atcdeaspr @gnati ng
the carrier witRi3;30Lltion et 4AP!de 1east Pl and a manganese and/or

vanadi um sal t. process for the preparation of a catalyst as
claimed in claim 4, Inhiacprrefennes srhasdigent,g the carrientdsyat as cl ai ned

in any one of chaiffBdrory DAY cHirier. BebiRd1ON &f cabiBEb1ENrbRRactory
presence of hydroggn. iers include alumina, silica, titania, zir ;
oxide carriers inclu ' ' ' conia

or mixtures thereof, such as silica-alumiha or physical
mixtures such as silica and titania. Preferably, the
carrier comprises titania, zirconia or mixtures thereof.

10 - According to a preferred embodiment, the carrier
comprising titania, zirconia or mixtures'thefégf, may
further comprise ﬁp to 50% by weight of another
refractory oxide, typically silica or alumina: More
preferably, the additional refractory oxide, if present,

15 comprises up to 20% by weight, even more preferably up to
10% by weight, of the carrier.

The carrier most preferably comprises titania, in
partiCular titania'which has been prepared in the absence
of sulphur-containing compounds. An example of such

20 preparation method involves flame hydrolysis of titanium
tetrachloride. It will be appreciated that the titania
powder derived from such preparation method may not be of
the desired size and shape. Thus, usually a shaping -step
is required to prepare the carrier. Shaping techniques

25 . ‘are well known to those skilled in the art and include
palletising, extrusion, spray-drying, and hot oil
dropping methods. '

The amount of cobalt present in the catalyst may vary
widely. Typically, the'catalyst comprises 1-100 parts by

30 weight of cobalt per 100 parts by weight of carrier,

' preferably, 3-60 parts by weight, more preferably,
5-40 parts by weight.

In addition to manganese, the
catalyst may comprise one or more additional promoters

35 known to those skilled in the art. Preferably any
additional promoters are selected from Group IIIB, IVB,
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" 8. A prbcess for the preparation of hydrocarbons,
whi ch conprises contacting a m xture of carbon nonoxi-de RERKCR OFSAENTOSHEET
at elevated tenperature and pressure with - a catalyst as clainmed in

claim4. 5

9. Use of a catalyst as clainmed in any one of clains 1

to 4 in a process for the preparation of hyd?ocarbons

10

15

20

25

30

35

the noble metals of Group VIII of the Periodic Table or
rhenium, niobium or tantalum, more preferably from Group
IVB, the noble metals of Group VIII of the Periodic Table
or rhenlum, nloblum or tantalum. Espec1ally preferred
additional promoters include zirconium, titanium,
ruthenium, platinum, palladium and/or rhenium. The amount
of additional promoter, if present, is typically between
0.1 and 150 parts by weight, for example between 1 and
150 parts by weight, per 100 parts by weight of carrier.

The catalyst according to the present invention may
~suitably be prepared by methods known to those skilled in
the art} such as by precipitating the catalytically
active compounds or precursors onto a carrier; spray- -
coating, kneading and/or impregnating the catalytically
active compounds or precursors onto a carrier; and/or
extruding one or more”catalyticaliy active compounds or
-pfecursors together with carrier material to prepare
catalyst extrudates. '

It will be appreciated by those skilled in the art
that the most preferred method of preparation may vary,
- depending e.g. on the desired size of the catalyst
particles. It belongs'to the skill of the skilled person
to select the most suitable method for a given set of
‘circumstances and requirements. i

A preferred method of preparlng the catalyst
according to the present invention is by impregnating the
catalytically active compounds or precursors onto a
carrier. Thus, typically, the carrier is impregnated with
a solution of a cobalt salt and a solution of a manganese

_ salt. Preferably, the carrier is

imptegnated simultaneously with the respective metal
salts. Thus, according to a preferred embodiment, the
process for preparing the catalyst according to the
present invention comprises co-impregnating the carrier
with a solution of a cobalt salt and a manganese

salt. In case a cobalt and manganese containing
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©in a’ nltrogen gas. atmosphere. Subsecuenuly, the catalyst
' is contacted with a gas mixture containing only a small
amount of hvdrogen gas, the rest being nltrogen gas.
During the reduction treatment, the relative amount of
5 hydrogen gas ir the gas mixture is gradually increased up
to 50% or ever 100% by volume.

If possible, it islpreferred to activate the catalyst
in-situ, that is inside the reactor. International Patent
Publlcatlon WO 97/17137 'describes an in-situ catalyst
10 actlvatlon process which compr’ses contacLlng the

catalyst in the presence of hyvdrocarbon liquid with a )
hyarogenfcontalnlng gas at a hydrogen partial pressure of
at least 15 bar abs., preferably at least 20 bar abs., -
more preferably at least 30 bar abs.. Typically, in this

15 process the hydrogen partlal pressure is at most 200 bar
- abs. '

~z

In a furthe:'aSpect, the present invention relates to
a process for the preparation of hydrocarbons, which
comprises contacting a mixture of carbon monoxide and

20 hydrogen at elevated'témperatﬁre and pressure with a

' catalyst as described hereinbefore, typically comprising
cébalt and manganese,  wherein the
cobalt: (manganese) - atomic ratio is at least
11:1.

25 . The process is typically carried out at a temperature
in the range from 125 to 350 °C, preferably 175 to
275 .°C. The pressure is typically in the range from 5 to
150 bar abs., preferably from 5 to 80 bar abs., in
particular from 5 to 50 bar abs.

30 Hydrogen and carbon monoxide (synthesis gas) is
typically fed to the process at a atomic ratio in the
range from 1 to 2.5. It is known that low hYdrogen to
carbon monoxide atomic ratios will increase the Cg*
selectivity of Fischer-Tropsch cat&lysts. It has now most.

35 surprisingly been found that the Cs* selectivity of the

: catalyst according to the present invention is remarkably
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process for the preparation of hydrocarbons, which - conprises
contacting a mixture of carbon nonoxi de and hydr ogen at el evat ed
tenperature. and pressure with a catalyst as clained in claimb5. .

_.11_
Following reductioh} the pressure was increased to
26 bar abs. The reaction was carried out with a mixture
of hydrogen and carbon monoxide at a H2/CO atomic ratio
of 2:1, and a temperature of 200 °C. The GHSV amounted to
5 800 Nl/1l/h. _
. The space time yield (STY), expressed as grammes
hydrocarbon product per litre catalyst per hour, and the
Cgt selectivity, expressed as a wgight percentage of the
total hydrocarbon product, were determined for each of )
10 the reactors after 100 hours of operation.
The results are set‘out in Table I.

T TABLE I
Reactor: A B c .
Catalyst I (coparative) II I11 (carperative) -
: . {(no Mn) ~ (Co/Mn = 20) (Co/Mn = 10)
STY (g/l/h) 70 100 65
Cg* select. 89 )| 87

(%)

It will be appreciated that both the activity and the
selectivity of catalyst II, éccording to the invention,
is much better than the activity and selectivity of

15 ' catalysts I and III, not according to the invention.

' Accordingly; in a further aspect, the invention
relates to the use of manganese o . for the
purpose of increasing the'activity and/or C5+ selectiviﬁy
of a cobalt-containing éatalyst in a process for the

20 preparation of_hydrocarbons.
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CLAIMS

1. A catalyst comprising éobalt and manganese,

supported on a carrier, wherein the
cobalt: (manganese ) atomic ratio is at least
12:1 and at most 1500:1, with the proviso that the
catalyst does not contain cobalt and manganese in the
form of a solvated dispersion in an atomic ratio of
39:1 or 38.2:1 on a silica support. _
2. A catalyst comprising cobalt and manganese.,

supported on a carrier, wherein the
cobalt: (manganese ) atomic ratio is at least
12:1, and wherein the carrier comprises titania,
zirconia or mixtures thereof. .
3. A catalyst as claimed in claim 1 or 2, wherein the
cobalt: (manganese ) atomic ratio is at least
15:1. _
4. A catalyst as claimed in any one of the preceding
claims in which at. least part of the cobalt is in the
metallic state.
5. A process for the preparation of a catalyst as
claimed in any one of claims 1 to 3, which comprises
impregnating the carrier with a solution of a cobalt
salt and a solution of a manganese )
salt, followed by drying and, optionally, calcining.
6. A process as claimed in claim.5, which comprises
co-impregnating the carrier with a solution of a cobalt
salt and a manganese . salt.
7. A process for the preparation of a catalyst as
claimed in claim 4, which comprises subjecting a
catalyst as claimed in any one of claims 1 to 3 to a
reduction treatment in the presence of hydrogen.

i
:.
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