0 5 OCT 2004 WO 01/76736 PCTI EPO1 04072 1 A PROCESS FOR PRODUCI NG (5 0CT 2004
HYDROCARBONS, AND A CATALYST SU TABLE FOR USE I N THE PROCESS The present

i nvention madewm33et 0 a process for produci ng hydrocar bons RGIgRREHMTResi s
gas, and to a catalyst which is suitaBBle for use in the process. The

catal ytic preparation of hydrocarbons from5 synthesis gas, i.e. a mxture
of carbon nonoxi de and hydrogen, is well known in the art and is comonly
referred to as Fischer-Tropsch synthesis. Supported catal ysts suitable for
use in a Fischer-Tropsch synthesis process typically contain a 10

catal ytical ly acti ve prRejoES DFOE ERODVCTINGD fH YDROCRRBONS, C ANTAIH enTATiveT
El enent s (Handbook of Chenist%ﬁIand Ph 68th edition, CRC Press,

Sics
1987-1988). In particular, ir TA%P%ké@? Udbatl BHE PRYHERSUm are wel |

known catal ytically active nmetals for such catal ysts. Reference may be
made 15 to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP- A- 363537, . EP- A- 4Did@7prapentpipvenyzion mhbakes sta adnreaesasiehterest in

fi.ndi ng cat al yst Leh p ' ' d b yi i n esgcopnversi on
of carbon nnnoxi§£°¥ﬁ%%n9a?gétggaﬁ§%?%ggfﬁﬁn%§§#ﬁgé%¥pﬁ¥?rcﬁ grts 4
hydr ocar bons contatalpgtSwhichoie saibablat bos uéé Chrn ther prarboss”

hereinafter), and which mpimse the forpation_of carbon, dioxide. which is
a carbon contai ni ng T%?-ﬁ?gﬁgéglﬁfpfﬁﬂ?ﬁ%ﬁg n ?¥0%§§r%%ﬂfgﬁpﬁr §PMgly been
found thag when gpntﬁgsi§595g§cmeé;TgOﬁﬁghugyn@he&ﬁﬁbanCﬁbﬁbXSﬂeiSndSed

whi ch contains inorgani c phosphate nore hydrocarbon, in particEIar nor e
C5+ hydr ocar bonshydregpassisarBoh Wnewndén 5he PFbJAREdLISFEPRRERLYt here is

}gfsadeC'i“e of 1Beerfaliak¥SLsaflk¥hby-$Pobbah LhRtRaLELYSts may be used

i "  Supported catalysts suitable for use in a
Fischer-Tropsch synthesis process typicélly contain a

10 catalytically 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, ironm,
nickel, cobalt and ruthenium are well known catalytically
active metals for such catalysts. Reference may be made

15 to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498%76 and EP-A-71770.

There is a continuous interest in finding catalysts
which provide an improved selectivity in the conversion
of carbon monoxide into valuable hydrocarbons, in

20 particular hydrocarbons containing 5 or more carbon atoms

(*Cg+ hydrocarbons” hereinafter), and which minimise the

formation of carbon dioxide, which is a carbon containing
by-product of low value.
It has now surprisingly been found that when in the

25 Fischer-Tropsch synthesis a catalyst is used which

contains inorganic phosphate more hydrocarbon, 1in

particular more Cg+ hydrocarbons, and less carbon dioxide

are produced. Further, there is less decline of the

catalyst activity so that the catalysts may be used for a
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prol onged period of tine without the need for replacenent or

re-activation. Accordingly, the present invention provides for
produci ng W 8Y#d3r bons, which process conprises 5 cont actiﬁ@@ﬁﬁi@?@re of

car bon nonoxi de and hydrogen at el evat ed tenperature and pressure with a
catalyst conprising a Goup VIII netal_ supported on carrier,_ which

: a

Group VI netamore predemdes nadtd ok thipe vithaud 15Re maed 8w which

cat al yst furtherrerpci?yém% ) iqarganigakesphate in a quantity of at |east
e

0.05 %v, calcula as el enental phosphorus relative to the weight of the
catal yst. The G oup Addordistcly i She efzasshlty inverdriom g owdlesteprfaass s

i ron, nickel, cqgbalt_ and r.utheni 1 refer C ;
rutheniumis sel€& &F FETHE ‘éyodukprg ‘iﬂl\{ﬁc’%r?ét %ﬁ%eg)é%’geé/scsobé;%%lasg%%

catal ysts and rddrienritimdas e aaind ks cagitvm anoredaitdes ednd Highrygeat datof
C5+ hydrocar bons.. Most referﬁggy, coba|t is selecteq}as thglC?oup VI
netal . 20 A furﬁ%@r"a{?@ﬁglteﬁrﬁﬁ e ROeiHS Wk thr AP L¥He activity

of the catalyst & 156 eftdMdy W1 Wt cLOMYTd Aedlos Yt dest Segas into
hydr ocar bons. Suc‘?{m bﬁ]le l§fdurther rr%t als may be sel%:t ed from manganese,

vanadi um  zircowiigh Gieup M Ehdnetaherf e et diterkeals t (PaFety 250 net al
compr i S, suppolla i S d S in TR Lot I YEMMR R, i ckel
cobal t, 10ron andinorgareirs yshospita e fin thequaretily sef ext ebedsord ndhgimese,
Porgani ¢ phosprEA BT IRES A 115 oreay Midiorud 10 e e BEPERE Feigne
of the catalyst.
The Group VIII metal is preferably one or more
selected from iron, nickel, cobalt and ruthenium. More
15 preferably, cobalt or ruthenium is selected as the
Group VIII metal, because cobalt based catalysts and
ruthenium based catalysts give a relatively high yield of

C5+ hydrocarbons. Most preferably, cobalt is selected as

the Group VIII metal.

20 A further metal may be present in order to improve
the activity of the catalyst oxr the selectivity of the
conversion of synthesis gas into hydrocarbons. Suitable
further metals may be selected from manganese, vanadium,
zirconium, rhenium and ruthenium. A preferred further

25 metal is manganese or vanadium, in particular manganese.

Catalysts which comprise, supported on a carrier, a
Group VIII metal selected from nickel, cobalt, iron and
ruthenium, and a further metal selected from manganese,
vanadium, zirconium and rhenium, which catalyst further

30 comprises inorganic phosphate in a quantity of at Jeast

0.05 %w, caliculated as elemental phosphorus relative to
the weight of the catalyst, are novel. In a second aspect
the present invention also provides these novel

catalysts.
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0.05 %v, calculated as elenental phosphorus re ative to the weight gf t[r}ﬁ]
catalyst, are novel. In a second aspect the present invention al so[l 0c 4
proovi des t Wapeu/mdsel catal ysts. SUBSTI TUTE SHEET (RULE 26)PQI/EPIBO®TL 2004

WO 01/ 76736 PCTI EPOL /04072 3 The anourt of Group VIII netal present in the

catal yst may vary widely. Typically, the catalyst conprises from1l to 50
%v Group VIII netal, Thasetcomt led waiogip VS It metmbdt Rresenst ive the t he

11O O Rt VSl %Al ST Y S s, SheT AOLI9,k0 30 o on

same basis. T resent, pically
from0.05 and 60 Hmprimes tiguncd Ito f&OOr%leGromp IIEI%\/mehxasled balsetdhem\mhﬁwt

of the netal relatiyv 10t t he ht to' ratio
of the Group VI I I¥ ttq'ff'e tvt\ﬁkjt ﬂ:eerla%é‘t é’?&ﬁp i r? T@Q‘t é;%y
is typicakly at amra%ﬂy aNdd t40 B,y RioE@! |p)te§br@b§.ty 20@cl 30Thae: igROTgRNI C

phosphate nmay be present in the 15 cat "al yst in any ampbunt of at |east 0.05
%w, cal cul ated asams é’rﬁ?ﬂtfa-l phosphorus, relative to the weight of the

catal yst. Typically am; og@?&s@m&%ew Hetlaq REepeiisdnt ,an samount
a preferre

of less than 5 % an amount is in the'rangé of fromo0.1 to
2.5 %v, for exanplypi2@:ld.b Emm&m(l%@rsh@ Basi goreekapdical ly [fersus

horgam o cartl el Lo d WP pAASHUR GHL ity Bel BRD IR AN

In a preferred Imearrier is a actory carri
Exanpl es10f suit ad etl-reefwanjmtr Yo hxitde czararhyats i ncI ude 25 aI um na, SI | | ca,

H;?ELZS ghgﬁogisa or rﬂeXtau{c?n?lé hrearteloclc 'of %%Ch roup l\)II(‘Iam‘fieltuniI % %h eDhyS| cal
further metal, as present in the catalyst, is typically
at least 5:1 and it is typically at most 200:1.

The inorganic phosphate may be present in the

15 catalyst in any amount of at least 0.05 %w, calculated as
elemental phosphorus, relative to the weight of the
catalyst. Typically the inorganic phosphate will be
present in an amount of less than 5 %w and a preferred
amount is in the range of from 0.1 to 2.5 %$w, for example

20 0.5 %w, on the same basis.

Generally a porous inorganic carrier may be found
adequate for use in the present invention. In a preferred
embodiment, the carrier is a refractory oxide carrier.
Examples of suitable refractory oxide carriers include

25 alumina, silica, titania, zirconia or mixtures thereof,
such as silica-alumina or physical mixtures such as
silica and titania. Preferably, the carrier comprises
titania, alumina, zirconia or mixtures thereof, in
particular titania or alumina.

30 The carrier comprising titania, alumina, zirconia or
mixtores thereof—may—further—comprise—up—to—56—%w—of
another refractory oxide, typically silica, based on the
total weight of the carrier. More preferably, the

additional refractory oxide, if present, comprises up to
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silica and titania. Preferably, the carrier conprises titania, alunﬂﬁqunzmr
zirconia or mxtures thereof, in particular titania or alumna. 30 T

cdrrier lﬁkggltrtania, al um na, zirconia or Leo anOthq@gbﬁ%@gﬁbzbre

oxi de, typ lica, based on the ,total weight of the
preferably, the additional refractory oxide, if present, conprises up to
SUBSTI TUTE SHEET‘éaHkE 2@%n0 5 OCT 2 01/ 7673 CTI EP01104072 4 20

%, even more prefefably up T T0PY eﬁﬁb RetBahe f%a Vs, OFhEN@afAmEr nost
preferably conprbsststitania, in partrcular titani a which has been

prepared in the absence 5 of sulghur-contarnrng conpounds. An exanpl e of
such preparation net ¢t YR PP R R BLF PR compriFeant ihania, in

tetrachl ori de. |§aﬂ&iéuiﬁta@PEﬁﬁiQtﬁﬂléHaﬁaﬁh@eéﬁiﬁ%éﬁar@ﬁ“@ﬁrtggré¥§g§2£9m

such preparatron met hod may not be of the desire I'ze and shape
usual |y & shapi if stekrherteonppinbegt eompepade. tAe esampbe. oShapthg

techni ques are W t S e nd |n | ude e |srn
ext rusi on, spra}wsgérng andlﬁ %ﬂéﬁlkﬁéégg?%QE%%T%ah gsﬁﬁtggygf%ﬁﬁﬁu
sui tably be pr epzaamd:}ylamidimdslt kwbldh he aﬂsgersckiiﬂ:@dl PR&EODheSHERaASaby
precipitating the (%5 gstajyii % actrve conponents or_ precursors onto
the carrier; spryitdat egﬁ? HhI PTTRA LM OR MeERPEgRAYi AgttRe of
catal ytical |y acile el opadest fe Oind PSIREE § sorﬁus)nt@swflgaérsﬁ‘éplﬁgdé%p
extrudrg% one or, nore —catalytically active conponents or precursors

t oget her 20 wi t ET ARRredut @ PRSP B phlep afar eie i yShapkigutiachniqThe ater m
"catal ytically aedi Ve fOpoeitse 01 1AeS I PE T QR MhbingE! Egllggx.?’lng,

further netal and the i1 norganic
extrusion, spray-drying and hot oil dropping methods.

The catalyst may suitably be prepared by methods
known to the skilled person, such as by precipitating the
15 catalytically active components or precursors onto the
carrier; spray-coating, kneading, mulling and/or
impregnating the catalytically active components or
precursoxrs onto the carrier; and/or extruding one or more
catalytically active components or precursors together
20 with carrier material to prepare catalyst extrudates. The
term “catalytically active components” includes the
Group VIII metal, any further metal and the inorganic
phosphate, as present in the catalyst. It is not excluded
that, in addition to the catalytically active components
25 and the carrier, the catalyst comprises further
components.

It will be appreciated that the method of preparation
may vary, depending e.g. on the desired size of the
catalyst particles. It belongs to the skill of the

30 skilled person to select the most suitable method for a
given s¥t—of ctircumstancesandregquirements—

A preferred method of preparing the catalyst is by
preparing a mixture of the carrier, the catalytically
active components and/or precursors and a liquid, for

35 example by kneading or mulling, shaping and drying the
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phosphate, as present in the catalyst .-It is not excluded that, |rg59572%4
additi'on to the catalytically active conponents 25 and the carrier

catal yst cw@onises further conponents. It will be appreC|§F§EZPH&@7%he

met hod of preparation may vary, depending e.g. on the desired size of the
catal yst particles. It belongs to the skill of the 30 skilled person to

sel ect the nost miktabéethes hodtdomed CandAspbeéguertlyetabdiningy epachng

the catalyst is b reparing, a nlx the carrier, the catalytically
active conponent%gaﬁgF o3fdc h?s@¢ 5gﬁg‘lghlqwd for 35 exanpl e by

kneadi ng or mnulling, asbapt 91 anpi g ¥d st Ret SURSAhkeH Fa SHEESoh UL Es26h Hs5
0 C7 2004 WD 01176736 PCT/EPO1 /04072 5 m xture_ thus obtained

nd
subsequent | y cal BeRhABlsaRA eBlamplel bSEATPH 9@F§9P§49$?t°ﬂﬁsuﬁigﬁhédes
liquid .is;water, aggvﬁgagraﬁgﬂgflSaﬁHCQraaatE%tBamebnaadsabhaaeltokeéﬁaes

such as acetone such as propanal, and aromatic solvents such
as toluene. Wat#@etes aspaepeefedredq&ﬂQUl¢he Goup VIII nmetal and the

Lg{;g?r metal may bengngkgéﬁdvifthStEQrHh ftbgefﬁﬁEﬁEr'ﬁiﬁgi n2y BS an

a hydroxi de, t such as a ni or an acetate
m xtures thereof empliblyalll enptheutsonsodf theemptadphatelds pmesenaninxidbe

catal yst are, for exanple, phosphor unds co rLSing an ac f
phosphor us, suchaaEYﬁEPébﬁﬁspHBr?csaie gggngpﬁogﬁ AtE K& gn Sﬁgg ﬁofous

acid, bujgl5 preferahky¥ueekhepbesggsphoric acid (H3PO4) , Or precursors

of an acid of phosphorus, that is, a phosphorus contalnln% conpound,

capabl e of forning aSggﬁpb&ﬁdprecursors of the phosphate as present in
the catalyst are, for example, phosphorus compounds
comprising an acid of phosphorus, such as metaphosphoric
acid, pyrophosphoric acid, phosphorous acid, but

15 preferably orthophosposphoric acid (H3PO4), or precuxrsors

of an acid of phosphorus, that is, a phosphorus
containing compound capable of forming a compound
containing at least one acidic hydrogen atom under
circumstances where water is presenﬁ or under such

20 circumstances as applied in the preparation of the
catalyst and/or in the activation of the catalyst, as set
out hereinafter. A precursor of an acid of phosphorus is
for example phosphorus pentoxide, phosphorus
pentachloride or ammonium phosphates.

25 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

30 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 is typically used to catalyse a process

35 for the preparation of hydrocarbons from synthesis gas.
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containing at |east one acidic hydrogen atom under circunstances mﬁgm%T 0
wat er is present or under such 20 circunstances as applied in the 2004

preparati catal yst and/or in the activation of t Tﬁﬁ% , as
set out ﬁ&?géﬂggger. A precursor of ap acid of phosphorusq?% g?xéianple
phosphorus pent oxi de, phosphorus pentachloride or amoni um phosphates. 25
Calcination is typical carried,out at_.a tenperature be en 200 and 900
C, preferably, _Q&ﬁﬁi%&ﬂy¥ﬁﬁp BB e *ﬂeggggaﬁ¥%ﬂeﬁ?'tﬂémfﬁ?ﬁFnE?FBnof
treatment is tyHeadtoup romD. hetl 24shpuesener eheiebl HetadMd §eaftehours.
Suitably, the calcination treatnent is carried 30 out in an

oxygen- cont ai ni rRF esEARkerketpeer epAbrRdal PO 3w efuihe GrouppYRET ametiadhat
the average enpeyor fE§%ntdﬂﬁ'ﬂgstﬂétgﬁhﬁb”§£%99,té ge§g%é§ﬂbétw8§ﬁgbby be

hi gher than the average tenperature during the dryi ment .
catal yst Sis typiarad |98 used to catal yse a process 35 for the preparation of

hydr ocar bons from syqnt hesi s _gas,, SUBSTL T SHEET. ULE 26),0 5 ON WO
01/ 76736 PCT/ EPO1/ Ofgﬁref%r%plr%aﬁy?‘gﬁﬁggw na‘g‘é%‘(‘ﬁ?ug?%‘é? E?o%%’g%‘,’ag?
| east part of titee Gotgl st | pakdal tosupeebgnd radutsiort 8keatmehdl ein

Preferably between 50 and 100 %2%of t he C?oug Vi getal I S Bresent inits
metal lic state, RIAT5CDPveBRIE09%8 FhdSS8VILPITREFREEREITFL i s

normal |y advant aggoiisai Dy acth¥akedutbeonatabitheRti PhvbPvHseLb¥atih§deall ON
treatment, in tHe presence of hydrogen at elevated tenperature. Typically,

the reddétion tr@tmtimoay‘égmpaéatuﬁg inethgorengal ysemal OB tenperature

o' b Sn2 {1 OB €0l B EUSLEY PEgaRUAT KBRS Kol Tom L Lo
200 bar abs, frequently for 1 to 200 hours. Pure hydrogen
may be used in the reduction treatment, but it is usually
preferred to apply a mixture of hydrogen and an inert

15 gas, like nitrogen. The relative amount of hydrogen

present in the mixture may be in the range of from 0.1 to
100 %v.

According to a preferred embodiment, the catalyst is

brought to the desired temperature and pressure level in
20 a nitrogen gas atmosphere. Subsequently, the catalyst is

contacted with a gas mixture containing only a small

amount of hydrogen gas, the rest being nitrogen gas.

During the reduction treatment, the relative amount of

hydrogen gas in the gas mixture is gradually increased up
25 to 50 %v or even 100 %v.

It may be preferred to activate the catalyst in-situ,
that is inside the reactor for the preparation of
hydrocarbons from synthesis gas. WO 97}17137 describes an
in-situ catalyst activation process which comprises

30 contacting the catalyst in the presence of hydrocarbon
o] hrvd babrr l hydregen
partial pressure of at least 15 bar abs., preferably at
least 20 bar abs., more preferably at least 30 bar abs.
Typically, in this process the hydrogen partial pressure

35 is at most 200 bar abs.
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may be used in the reduction treatment, but it is usually preferr gl tt?
apply -a mxture of hydrogen and an inert 15 gas, |ike nitrogen. TH@ OCT 2006
relative awountremé hydrogen present in the nmixture may bePCHEPREMPENge of
fromO0.1 to 100 %. According to a préferred enbodi nent, the catalyst is
brought to the desired tenperature and pressure level in 20 a nitrogen gas
at nosphere. Subsequertd orddessaf @t yidie isrepratacie o vty roagrasb on x t £iran

containing only a small anount of hydrogen gas,, the rest bei i t
gas. During theSYRhR:I1®HrI2$ bt 1cq ’%ﬁ’i‘?fg WMo aof{]%%ﬁ%g‘gﬁggas

in the gas mXxtu{g {15e FAYe! by FR6HEEBRAP35@Fd,0 e br 051 ¢ VEHom 007 84
It may be preferred to activate the catal yst in-sft&?ﬁathat i% I nsi de_the

reactor for the §eepbdattonThe PRy8FeEar bonsYRIGH Sy ithdHe ¥RIe 9 from
97/ 17137 descri bgst@%??lg?gftgbﬁgg Fa)éyéfe@&gi + 0 PrQs exe 1\;@13'5cgbgpirrp_{lil ses

30 contacting the ca Int esence 0O ydrocarbon 1l1lgad wlx a
partial pressurepaftibtulansfrd®d bato @bsbarprkserably at |east 20 bar

abs., nore prefera at | east .30 : |.cal . hi r

t he hydrogen partialblll%crhé%%‘ﬁllle""mf.%SC?1 é?%n%%?xi%%pab%%‘ éa‘ﬁ?sl.éﬁfs{lB%?’?Tﬁﬁ'?ﬁe
SHEET (RULE 26) Pr&c&%d 2004 m¥ila01t76786ikCihEPndd40Tam 71 The Brbeebswf or
the preparation of hydrocarbons from syn hesif as Is typically carried
out at a tenper aRYRECIFR EReCPARGR BPn?gb 1% ?% TR QS €+gfef§SF§aF?on1
175 to gys C T’Bﬁepé$$sHéfeb§i¥rYEg93i|.¥.|ﬂhéh§e1@@Q£vDEyf6ﬁﬁt5e5 to 150
bar abs., preferably from5 to 80 bar abs., in particular from5 to 60 bar

abs. formation of Cg+ hydrocarbons. The Cg+ selectivity of the

process is preferably at least 90 %w based on the total
amount of hydrocarbons produced, preferably 95%.
However, in the embodiment of the invention in which
15 the Group VIII metal is cobalt and the further metal is
manganese and/or vanadium, which are present in an atomic
ratio of cobalt/{manganese + vanadium) of at least iz2:1,

the Cg+ selectivity of the catalyst is remarkably high,

even when using synthesis gas having a high hydrogen to

20 carbon monoxide atomic ratio. In this embodiment the
hydrogen to carbon monoxide molar ratio is in the range
from 1.5 to 2.5.

The gas hourly space velocity (“GHSV” hereinafter)
may vary within wide ranges and is typically in the range

25 from 400 to 10000 N1/1/h, for example from 400 to
4000 N1/1/h.

‘The term “GHSV” is well known in the art, and relates
to the gas per hour space velocity, i.e. the volume of
synthesis gas in N1 (i.e. at the standard temperature of

30 0 °C and the standard pressure of 1 bar (100,000 Pa))
which is contacted in one hour with one litre of catalyst
particles, i.e. excluding interparticular void spaces. In
the case of a fixed bed catalyst, the GHSV is usually
expressed as per litre of catalyst bed, i.e. including

35 interparticular void space. In that case a GHSV of
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Hydr ogen and carbon nonoxide are typically fed to the process at & 5n@tfamn
ratio-in the range froml to 2.5. Low hydrogen to carbon nonoxi de nol ar

ratios will increase 10 the Co5+ selectivity, i.e. the selegtiy t he
for mati on WP ¥%BE73Pydr ocar bons. The C5+_selectivity of the ?ﬁr@ég&ﬁ%

preferably at |east 90 %w based on the®total amount of hydr ocar bons
produced, preferably 95% However, in the enbodi nent of the invention in
which 15 the Grltﬁﬂﬁ/\ﬂl}/fl/r%t% ¢atbhal PR ¢ RS feR¥FRPPRRES| te sabout

manganese and/ ory g agh h\#%}i‘cgh@g Presgpt in an atomc ratio of
cobal t/ (manganese + vanadi u of atf}'Yeast 12:1, the C5+ selectivity of the

catal yst is renarkallhe hhpgresevior vk pistpar stinmest shydsohavhomgs amény gh
hydrogen to 20 carbon oxi de onj ¢ 11.0. t hi nbodi ment._the
hydrogen to car g’o% Cl;%rhéo%: eé nl%)?%ﬁg %t‘l’%&léstlf néflh%eéé%gﬁ Qﬁ’ggn %Lng to 2.5.
The gas bourly spaoetivet ocedimds CGHHME dedmphafd efixedelyedatyggimeéhia w de

ranges and is typically in the range 25 from 400, to 10000 NL/I/h, for
exanpl e from 400&%%@?&%’7%‘31 OF eihn eRSlATIRg \ReE RRGHRet n1E B LRt |

and rel ates t_oBé1eaﬂ9§e@ﬁt£@ugh§@%@evﬁ9@iéf,tmeeeatm%yel paetokles
synthesis gas in N (i.e. at the standard tenperature of 30 O C and the

standard pressum@yfvarpaAepaudinpooratle rprekion reatnet BBe¥n2she hour
wihone litre ofnCalalyStorPatligongs fo EXEIURING HE! ERBALKI gubar VoI d

i
spaces. In the case I xed bed catal yst, the V' 1s usually expressed
as per Qidtre of m=tsdbrystobsellect ethémdsdi mppropriater patailyatapavbidle
space. In that case a.GHSV of  SUBSTI TUTE SHEET T(’RULE 26) 0 5 OCT 2n04 WO
01/ 76736 PCT/ DFOI794875 2 94E00 N7 T rhoBn eat AT yst particles corresponds

t o about Further, it will be understood that the skilled
person is capable to select the most appropriate
conditions for a specific reactor configuration, the

15 reaction regime and a work-up scheme. 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 bed regime, preferably the gas

20 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 N1/1/h.

25 The invention will now be illustrated further by
means of the following Examples.

Example I
A mixture was prepared containing 112.5 g com-
mercially available titania powder (P25 ex. Degussa),

30 49.5 g commercially available CO(CH)j» powder,

8.2 g Mn(&c)5.4H0 (WAC” means acetate), 2.2 § pnosphoric

acid and 45 g water. The mixture was kneaded for
30 minutes. The mixture was shaped by means of an

extruder. The extrudate were dried for 2 hours at 120 °C
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1000 NI /I/h on catal yst bed. The process for the preparation of 05 0CT 2004
hydr ocarbons may be conducted using a variety of reactor types and 5
reaction regomesisf or exanple a fixed bed reginme, a sl urr PCIAREENEYI ne or
an ebullating bed regine. It will be 8ppreciated that the size of the
catal yst particles may vary depending on the reaction reginme they are
intended for. |tahel eagsihadt ferski hbuet dbesski PCedThe petadpsto sel ect

t he nost appropriate catalyst particle,_  size for a_given reaction regine.
Further, it mﬁllcﬁﬁtﬁh8§¢s¥8oﬁwtﬁgt the &g pegndplr ogwig'capable to

sel ect the nost apprepLi abea14endihsopsstoa anspepkbbeskeastOthe
configuration, the 15 reaction regine and a work-up schene. For exanple,

the preferred gasepouatyospatehvdrochrhondy Bepérgouféavwt Reactppe of
" \ ot e boi ; A . SN ! .
R AP LUkt 28 ARPbECEhe T b, EhpSeEuRedl cpncpt

t he hydr ocar bon Sis”p ess Wit I'me, prefera
gas 20 hourly sphaeda ué€l cathyyss phosénlesa whe hangedf tomaS0emperaft@é of

NL/I/h. If it is_desired tq operate.the hydrocarbon. synthesis process wth
a slurry phase r3gﬁne?'pﬁgaePgﬁpﬁurﬁﬁggggig oﬁrF?ngﬁggéu9e%§8Vt Li's chosen
in the range frogyiteg@nt 8a45668 BlpreBsuZe die2i brentaben Whel caewlhet was
illustrated further by neans of the follow ng Exanples. Exanple, |l A

m xture was prepaegycedntiarsity 02 34gheBrs WALR & Mpx&VEE 861 8iEEPIRRa

powder (Pg5 ex. u 0448 5p9 r§AEMBEaL@EE bra e 318 tePeOdhdunt of
powder , 532 gn gﬁg.ﬁga%ogggngégcepgf%)gng.2 g Shgéphgric acid andu25 5
wat er. The m xt uhgdwageknéadétief oix30rei masegr ata Ldivx tlnce egsgeds Kaped Oy

e O N X LS hps T LM SRR Lk ad’ b 0O -Bas! W sCrept
below 3000 ppmv.
Following reduction the pressure was increased to
15 31 bar abs. The preparation of hydrocarbons was carried
out with a mixture of hydrogen and carbon monoxide at a

Hy/CO ratio of 1.1:1. The GHSV amounted to about

930 N1/1/h. The reaction temperature is expressed as the
weighted average bed temperature was 205 °C. The space

20 time yield, expressed as grams hydrocarbon product per
litre catalyst particles (including the voids between the
particles) per hour, was 100 g/1l/h. The selectivity of

COp, expressed in %mole COp obtained relative to the

number of moles CO converted; the selectivity of the

25 hydrocarbons, expressed as %mole of carbon present in the
hydrocarbons obtained relative to the number of moles CO
converted; and the selectivity to hydrocarbons containing
5 or more carbon atoms ({Cz+ selectivity), expressed as a
weight percentage of the total hydrocarbon product, were

30 determined after 30 hours of.operation. The results are
set out in Table I.

Example II (comparative)

Example I was substantially repeated but with the
difference that no phosphoric acid was present in the

35 mixture.
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05 OCT 2004 WD 01/76736 PCTI EP01/04072 9 and cal cined for 2 hourls) BET H0D
C. The catalyst contained 22 % CO 1.2 %w M and 0.7 %v P. The catal yst
was tested in ocess for the preparati on of hydrocarbons -flow
reactor 5 ?@n‘{lg’ﬁ%ﬁng 10 mM of the catal in the form of }(}1}@%403 d of
catal yst particles was heated to a ten‘berature of 260 C, and pressurised
with a continuous flow of nitrogen gas to a pressure of 2 bar abs. The
catal yst was reduced in-situ for 24 hourgﬁ]ﬂﬁhla m xture of nitrogen 10
and hydrogen gaygBEdym TedUTtTON the retattve—anpint—of i" d;)""" in the
m xture was gradua le ncreased from0% to 100% -'Fjr:e wat efr %oncentrati on

in the of f-gas Weeleeqttivitet @03000Gugdmiv. Fol | ow nl%gorgduct pm3the pressure
was i ncreased t 15 31 bar abs. The preparation of hydroclrbons wals

carried out wi tjrBealavitxitwirtsy dfydmalgmnsantﬁmma]rdo)on Mnbxi dFBmt'i a H2/CO
ratl O Of 1 1 1 TIThaoe LI\, S f\ At 930 !\‘!! / Th
it

t enper at ur e i-s.e;p"?+ ségt?c’s”ﬁ R/oﬁé’fght ed average b%‘&i t enpedat ure was 205

A A o

C. The space 20 pressed-as—grams—hydrocarbon—preduet per
litre catalyst partl %%g%#%% %dlng t he voi ds between the particles) per

hour, was 100 g/l/h. The sel ect|V|ty of (C02, expressed in %mwle C02
obt ai ned rel ative to t he, Jejsqg%nber of nples converted; the selectivity of

the 25 hydrocar bons, T expt R PO/ D REr e prasahy St not he
hydr ocar bons obtmmpié et ati ve. tacébed marbes @ﬁe nPhesnbnconyented; and

the selectivity to hydrocarbons containing or nore_ car bon at ons (C5+

selectivity), expplekaedthan sthewsamlpet c‘éﬁt%’@@“@l‘»etﬁér tdtat BY&rocar bon

product, were 30:dgterat igd aifelySP0, hours of operation. The results are
set out in Table I.
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Exanple Il (conparative) Exanple | was substantially repeated bu '
di fferrence that no phosphoric acid was present in t%e 25 mxturfa.wntﬁrbﬁ%m'
SUBSTI TUTE SHEET (RULE 26) 0 5 OCT 2004 WO 01/76736 10 TABLE

PCTI EPOL/ 04072 Exanplelll *) Selectivify C02 (%l e)0.91.3 Selectivity
hydrocarbons (%l e) 99.198. 7 C5+ selectivity (%) 9492 *): Conparative |t
wi Il be appreciated that the catalyst of Exanple I, i.e. according to the
invention, is nmuch better than the ggiphyst of Exanple Il, i.e. the
conparative catal yst. SUBSTI TUTE SHEET (RULE 26) 0 5 OCT 2004 11 CLAIMS 1.
A process for produci ng C5+ hydrocarbons, which process conprises

fg%:(r:;j[ Bgrgle'a mg,g(t Lg&&jsé:a.rw npf@dﬂlgldﬁng angds hydhpdeacarbehsyat wtiich

and pressure w a_ _catalyst conprisi anese,
the cat al yROCGRS n@o'g%b%??eﬂo%aﬁg?:ﬁ?r Pertt ueﬁeeicgl@aggfpglé}slt al%gl??gg t he
cobalt is gHesBpirbgehhatmadldtateed ot empedamhie hacdt Fessure rvith a

conprises inorgani c phosphate in antjhy ast 0
cal cul at eoc%tjsa]gf%’he_rﬁ%ér}p ﬁ&é@nofﬁ’gaa?el %%?ve“q%rﬁrﬁeeé%\bi thl% o?a}[gﬁ?yggt al yst .
2. A procdssims shpportednonl ai catyiehar wheseinedti heaphabagtt @t f&€ net al

s presentcoﬂgﬂghiguﬁEQEEnHEH% g1 metallic form and which catalyst

further comprises inorganic phosphate in a quantity of at
least 0.05 wt%, calculated as elemental phosphorus
relative to the weight of the catalyst.

2. A process as claimed in claim 1, characterised in
that a further metal is present, which further metal is

selected from vanadium, zirconium, rhenium and ruthenium.

3. A process as claimed in claims 1 and 2, characterised
in that inorganic phosphate is present in a quantity in
the range of from 0.1 to 2.5 wt%, calculated as elemental
phosphorus relative to the weight of the catalyst.

4. A process as claimed in any of c¢laims 1-3,
characterised in that the carrier comprises titania or

alumina.

5. A Fischer-Tropsch catalyst which comprises, supported
on a carrier which is titania, cobalt and manganese, which
catalyst further comprises inorganic phosphate in a
quantity of at least 0.05 wt%, calculated as elemental
phosphorus relative to the weight of the catalyst, wherein
at least part of the cobalt is present in the metallic
form, the cobalt being present in an amount from 1 to 50
wt%, based on the weight of the metal relative to the
weight of the catalyst.

6. A catalyst as claimed in claim 5, wherein the

inorganic phosphate is present in a quantity in the range



sel ected fromvanadi um zirconium rheniumand ruthenium 3. A proce$§ (8% 200
claimed in clainms 1 and 2, characterised in that inorganic phosphate is
pr’esent in aquantity in the range of from0.1 to 2.5 w% calcul ated as

el enental phosphorus relative to the ight of the catalyst. 4. A process
as claimed in any of clains 1-3, charaCterised in that the carrier
conprises titania or alumna. 5. A Fischer- Tropsch cat al yst whi ch

conpri ses nea ri t HERgAnese,
whi ch cat%ﬁygqm]; urt er9 corrvgtfa%see%reﬁ \nM(yrlCagrﬁd(s: b ate In a guantity of at
| east 0. O5red &t ivel tal bhedwasgkt e@éntleﬁl Wl‘er us relative to the weight

of the catalyst, wherein at |east part of the cobalt is present in the
netallic form the cobalt being present in an anount fromf. 0. W%
based on the weRgHeregesse fant aPTPERELNGe 3 0 Q@ LY gRE ofldHESTackdt yst.

6. A catal ¥$hi@S | aéaaSrinﬁéatﬁbS,sﬁ/&t% ebﬂ tpliepalrn@nggaml mighogphaife is
present in a quantity in the range

7% g2 S 0%
cal cul at edtB8 &hTt-al PHRIRPFHIT uan ré:ll}ﬁ %’%‘){%a?}fé R/&O&ﬁ’{l f {HE At al yst .
7. A pr Ocepiefzﬁts@i:gp&rh!em@oa cathdl ysdrwierc| andred lhquébai miapicgmEndi ng

the steps rep ng_a mxture of, the copa e apnd.

i nor gani ¢ gmfgﬁﬁat An&F&P2 5ecrﬂ+}§%?§et ﬁ@%go%ﬁb?%gﬂgggrf er andfllﬂlel?gi; qU| d,
shapi ng anfloldoyedg bie @r epsthet inxt mmmbsequbhel ypresenaengPf

fol |l oned b)ﬂyﬁrBSgHQt' on treatnent in the presence of hydrogen.



