WO 01/ 76736 PCT/ EP01/ 04072 1 A PROCESS FOR PRODUCI NG HYDROCARBONS, AND A
CATALYST SU TABLE FOR USE I N THE PROCESS The present invention relates to
a proceswéor/767p¢ oduci ng hydrocarbons from synt hesi s gas, PanarPaio4a72

catal yst which is suitable for use inlthe 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 catalysts suitable for use in a
Fi scher-Tropsch synthesis process typically contain a 10 catalytically
active metal of &G RROGAIS TOR tPROMETING i Ky DRGIAFB@NS t vl 22 naent s, ¥ Handbook

of Chem stry and Physi cs, Lt Lan, r , £-1988). In
particular, iron, nickel, g@EzﬁgggnEBEupggﬁﬁﬁnﬁgﬁePéééﬁsﬁnomm
catalytically active netals for such catal ysts. Reference may be nmade 15
to EP-A-398420, EP—ét-178008h EP- A- 167215, EP-A-168894, EP-A-363537,

EP- A- 498976 and EPrAS7R¥9§SD¥hiP&eRE1QRhRLRREBUECi At BFRSESFnTPFNdi ng

catal ysts whi phoptievhgenhgarbbpip¥ad SebRCkiyMth¥siB §A8, canversi gn  of
car bon nonoxi de inio val uabl e hydrocarbons, in 20 particul ar hydrocarbons
contai ning 5 of2hBr¥StalBortatdnsuitabse R9drBEGr bBnshenprerA&Pter), and

whi ch minimise thernéorgahipnief peaphent dbpxbdenywbhbehrbsngd eaER0N
containing by-product of low value. It has now surprisingly been found
that when in t REAEDSSEESEREY - FrBpsehmayhtkesps gachenl penoksdasatdnhi ch

contai ns i nor gaphicoRBASPRAL GeIRr #nBYAr 9F2ERANA N, 3a£5i8ghﬁ5nﬂgre Co+
hydrocarbons, and | éss carbon dioxide are produceg. urther, there is |less
decl i ne of theregarapgstoaesi Visghep-Thapsthesgatheéysss may be used for a

SUBSTI TUTE SHEET (§$%E5g@%d 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, iron,
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-498976 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

("Cgs+ 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, in

particular more Cs+ 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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WO 01/76736 PCT/ EPO1/ 04072 2 nore prolonged period of tinme w thout the
need for replacenent or re-activation. Accordingly, the present invention
provi des vOprogaess for produci ng hydrocarbons, which proP€FEPTIORPT2 ses 5
contacting a m xture of carbon nonoxiZle and hydrogen at el evated
tenperature and pressure with a catalyst conprising a Goup VIII netal
supported on areare ipemolongmid ipe@icup Ofl Himeetdlthomitprigsentesat fogast partly

in metallic f i catal yst further conprises 10 inorganic
phosphate in a(}%?alr?t%l%?“f 0 %Eft ri’j‘éeaas 16’.35‘%0%(/, cal cul ated as el enent al
phosphorus rel ati vé&doordieodsi,glthe gfreiskhatcdnalepstionTpe oickes ¥ browial is

referably one or nore,  selected fromiron, nickel, cobalt and rutheni um
p y cCE’ry

More 15 preferddl Y- OCH5aMe REMOMT | YPEEPe PEEFEES (WEPESEF VI | |

netal , $ecause ceolialdt ibas ed niattaliestcf aadtbonUideeixiMdased nialrdlgwst $t0i ve a
relatively high.yield of C5+ hydrocarpons. Mst preferably, cobalt is

sel ected as tﬁé&g@a&&ﬁi \Vlelmlpeﬁ@t%]lr.e SHNPEGSERER Metd angp tise Ystesent in

order to inprovemdheiaet avidneuf e ﬁ@ﬁt&hy%hpgbrttfé@ 8 ectdavirtie0f the
conversion of synthesis gas _into hydraocarbons. Suitable further netals my

be sel ected frdfirdnGaeede Viddnddtem 15z Pressnimatr ARemisttmPa&d lyutReni um A

preferred furtherad3 iwetralrnd,S SHRNYANLSE c%rta\i?@%dif"&mthie'} R G dledr
manganese. Catal ysts which conprise, supporfed on a carrier, a Goup VIII

nmet al $@1 ect ed iCEgeRick Fhospdiediet 10 podvand 1 tyuhediturheagrd Oa Obukther

metal sel ect ed onoinERAGANES &1 onARA! WilosEhibGOR! WThaRd vhen! will WAy
catal yst further 30 conprises inorgani ¢ phosphate in a quantity of at | east

0.05 %w, cal culcdt édteasadladiyemt-al phosphorus relative to the weight of the
catalyst, are nove&he'@r@uie%gﬁq %%Q%ﬁtis 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

Cg+ 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 or 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 least

0.05 %w, calculated 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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the present invention also provides these novel catalysts. SUBSTI TUTE
SHEET (RULE 26) WD 01/76736 PCT/EPO1/ 04072 3 The anount of G oup VIII

nmet al pres@nt/76786 t he catal yst may vary w dely. Typicall yPCT/BROIGEDZ VSt
conprises from1l to 50 % G oup VIII ¥etal, based on the weight of the
metal relative to the weight of catalyst, 5 preferably 3 to 40 %, nore
preferably 5 to 30 Bae aametret shrferdgsiElIThes taibyntesentt hien filid her net al

if present, is VAol I r .05 %WV, re.typically fromO0.1 to
25 %, based oncatt%agl‘\?/\sgél g[?Yﬁl}; o‘?g%}ge&lrﬁlﬁal;ﬂ ?Igfpalt(?avlenpy'ld:}{eg <iara{:e‘_"}%//é(ﬁtght of the
catal yst. The atcmpmciges ibraf I heo GOwr \Gidupeild I mettdle Hawddesn neial ,
as present in alyst, is typically at least 5:.1.and it is typically
at nost 200: 1. R“%ﬁeg%ﬁloor%aﬁl% Hf)%%as/ph%%alea%%@e i p esé’?ﬁlqrﬁr t#e ﬁastac]é%/%'yst in
any anobint of atrdiastbly 05 8y, 4Cahwulnadres @mse falaymntsalt s pheras. the

relative to the wei %ht of the catalyst. Typically the inorganic phosphate
will be presemt®™ S ¥ Hfount of less than 5 %w and a preferred anount is

ibn t he range ?)}‘ fr and.amdn2. & %Whe fﬂ)fr’dkmn'@rleetag_q ]9_-4‘_5 p‘}d@%sééft,t hies s?ma
asis. Cenera a par.ous_inor ic carrier may be found adequate for use
in the present qyrﬂ?éprﬁ%ijdﬁ.quf“agggefaé} b St ftyPUIF I0ark it is a
refractory oxide icald i . 3w Exsgd @ordfersllivalii 1af raed afak0Xike Haifd ers
include 25 alumna, silica, titania, zirconia or m xtures thereof, such as
silicat8l um nat® TR HAN ik s A YEE - silica and titania.

Preferably, the caryeera oy i58S o tdf AN cRAWIITT ZiGaANIR Qmdr Xt ures

thereof, in particular titania or alum na.
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
mixturestherecf;—may—further—comprise—up—to—50—%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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30 The carrier conprising titania, alumna, zirconia or
urther-conprise-up-to 50 0.w o-f-another refractory oxide, typically
silica, hvQed7eds6the total weight of the carrier. Mre pref/graliy72 t he
additional refractory oxide, if present, conprises up to SUBSTI TUTE SHEET
(RULE 26) WO 01/76736 PCT/EP01/04072 4 20 %, even nore preferably up to
10 %, on the £8mM&W,bgsien Mhire carafiesrabinstuppref drialdiw, conmties esindd t ani a,
in particulartigiania which has been prepared in the absence 5 of

sul phur - cont ai ni ng conpounds. An exanple of such preparation nethod

i nvol ves fl ane hydfdkysiag réfert imcesrti pme feetabdghlcompde selst tiidanike in

appreciated th ti_tani. owder. derived from such preparation nethod
may not be of %t%ﬁtetqggé‘la%eglg‘laznreiaarv I 58S PESS, plf?t?ﬂrle;# a5 RPSSES 10
is appl¥ed to prfepalehtire coartiiieringShapipegndec hangwesmle dﬂﬂﬁyc%DOMﬂ tg
the skilled person_and.inclu |.l eti.sing, . extrusjon, spray-drying an

hot oil droppi Rg HEtRGGS™ ?ﬁgﬁ§§€&ﬁy59Vﬁ§yf§&WFa frﬁé pridp&fed by rerhods
known to the skiltkedhperdae, Suchids By ppeeeplbalidngnbhe thk5 tgakaliytical ly
active conponents or precursors onto the carrier; spray-coating, kneading,

mul | i ng and/ or POMREFedRALIVAG (™ SUSHy PrERRIG tdon e thofhsrantetoke of

precursors ont @hkh@egakkidelsi zaN@ner s&speUdTRGsONesYE1TRF & sHakahyt is¢aldy
active gonponents or precursors together 20 with carriér material” to
prepart cat al ydf 8RPLIGSt &8 PTRP2Eeithe CAEARPLI- c PP iact itpehadapesears”

i ncl udes the Gyeup thhn”%bakhea@kiﬁQ%Hh?%rg%EaBn@nQnEg% Engﬁgﬁgkgﬁing,

phosphate, as present in the catalyst. It is not exclude

addi tion to th&XEEVELPRY caPrpYaitivadcangohent 125 dangrting oathids,. the
catal yst conprisesohur bhes ;1 6@MRAReRLS tably 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
precursors 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

givenm setof Tircumstances—and—requirements~

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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It will be appreciated that the nethod of preparation may vary, depending
e.g. on the desired size of the catalyst particles. It belongs to the
skill of wdnel/a036kill ed person to sel ect the nost suitabl pRCvEPOIOEH0T20r a
give -e-s-and-re-qui-r ne-n-t-s A preferred nmethod of preparing the
catalyst is by preparing a mxture of the carrier, the catalytically
active conponemtistand/ @:lhq:sr ebtaSoresi anthdd éulfauqheri‘iﬂr ?zfal@i&imi(ge Rich )
kneading or rmullin a r SUBSTI TUTE SHEET (RULE 26 WO
01/ 76736 PCT/ Elgﬁllcgf(?;?spe:?pgf&t g)rg@//tﬂf]g”jl;t ai ned and subsequent!|y

cal cining, such ag divsclaesed liiau@ Y 34%Lh, Ansddriabl & ildsdid issater,
ammoni a, al cohol s such as _ nmet hangl and ethanol ket ones such as acet one,

al dehydes 5 s e 9dr G3sh&thaged rarkshanss stidhemss aqfrPngs Pdidedvsles
Vater is a prefgidedd ifdéghnallhe d@0uR Mdd: delAlveand thed W hen ymlal may
be enployed in the formof the metal itself, or as an oxide, a hydroxide,
or a salt such"@&eZ dist Pateederafcaddi@tid- 10 or m xtures thereof .

Sui t abl e precursor gnef Gtrfa;%ppk»th%{fe%aqs RILseR i f+phe katal ¥ ¥ty ke, for
exanpl e, phosphorus conpounds conprising an acid of phosphorus, such as

met aphosphor i ¢ em@giayedp o es gleeri @ fading msHedphdrs@ls racind asban Dxide,
preferably orth or&fm Q%orlorr acigd 1HIRQ4) ., O ;8GNSO S fa% %T(,EI d of

phosphorus, that phosphorus contal ni ng corrpoun capa € of formng a
conpouhl cont @lrnmgitaltrelseézélter@wé .aci di ¢ hydrogen atom under circunstances
where water is pre U 2 heu tane asaplledlnthe
preparation of the%%ggt:tag)llfs?) (lzll}stlégl}sn%tfrcle ac %gn “of*® %é:egaepal ﬁélt
set out herei nhft eatal yprteeursoroaf eammpdied Qj‘hqﬁm&pd*msr USmpdunds

comprising an acid of phosphorus, such as metaphosphoric

as

acid, pyrophosphoric acid, phosphorous acid, but

15 preferably orthophosposphoric acid (H3PO4), or precursors

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 present 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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for exanpl e phosphorus pentoxi de, phosphorus pentachl oride or anmoni um
phosphates. 25 Calcination is typically carried out at a tenperature

bet ween 2000and3®00 C, preferably, between 250 and 600 C. pdherawmsar2 on of
the calcination treatnent is typicaléy fromO0.5 to 24 hours, preferably
from1l to 4 hours. Suitably, the calcination treatnent is carried 30 out

i n an oxygen- cAwdicaildy ,atviesphier eyserief ethall praidess,| tatwilldashte iy ead at ed
t hat the average t era duri.ng the calcinati,qn treatnment wll

normal |y be hi %ﬁ‘eer %1{)% nkm é‘%/eelﬁaéggst etperatur® dlqi’l’si g & yitAge -
treatment. The Peatfalnadll yi Setypiealdyy dised 000 s6atd Yoo asieceIsTr dar the

preparation of ,hydrocarbons from synthesis gas. SUBSTI TUTE SHEET (RULE 26)
WD 01/ 76736 PCTLPEPGEFGRG73™ 6 of) Bt Jﬂy‘,C WHETT Sirn SF08 SR a P efrieeds £0 at

| east part of able 9@ ewp VIII netal is present inits netallic state.
Preferably between 50 and 100 % of the G.oup VIII netal 1is present inits
netal lic state, espeEr&iLyeoetihed AT 1dNd adyagphadtREsefter ectilvate

normal |y advantageeus g saCtiriaire td Res L ahalay He diictQbnt @ és@rdvitd rigduction
treatment, in the presence of hydrogen at el evated tenperature. Typically,

the reduction th&aPrefeNGN Gy dnasmn 7 tHevatedcdeappsatairea tenperature
in the range fromilBQ1L0 43Q GeRl-18lBYalRd R3S ‘%‘h 01 %R ‘%%'a%&fnrgo r@h% Itﬁ

.
200 bar abs, frequently for 1 to 200 hours. Pure hydrogen y be “use
the redlction créadyent atbgt tempeyaisus iy theefrenged frromagPly t@ ni xt ure of

v ogen —presant |Gt e MXTarS mhy B et ket SRas tof {FFom 01 to 100
%. According £60abprefads,ed rmdvedittentfon He toal&0y douirs . 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 oxr 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

guid—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 process the hydrogen partial pressure
35 is at most 200 bar abs.
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brought to the desired tenperature and pressure level in 20 a nitrogen gas
at nosphere. Subsequently, the catalyst is contacted with a gas m xture
cont ai ni moonters@ snal |l anount of hydrogen gas, the rest Pe€T/BBIWi4dT20gEN
gas. During the reduction treatnent,7the relative amunt of hydrogen gas
in the gas m xture is gradually increased up 25 to 50 % or even 100 %.
It may be preferrel@heopatidesat & drheheatpaleysiraitioni b, hyldratcair®dmsimdet he

reactor for the_preparation af _hydrocarbons f.rom synthesis gas. WO

97/ 17137 descri eg%éer?lsl i SRave éca}t%&%f’gﬁya&aﬁf&teldoﬁ r G¢eds t\ﬁl%pcer'lfactd’rﬁ?rl ses
30 contacting tihe ttat alaysfe iof thenpriesenee 360 Rygdr pearkoRdbly from 175

li qu~d-w t h- a- hydr.ogen-eontarrrrg-gas-at a-hydrqgen partial pressure of at
| east 15 bar a é ,Zgg’r efer %ﬁey paﬁe% ast-52 y@&rcaggé/_ innghe Fres af frem

| east 38 bar aBsto TP ¢ald Wbs.n idHerpada6s Frvhe shydr agemparddsal pressure
35 is at nost 200 har _abs._. SUBSTI TUTE gHEET (RULE 26) WD 01/76736
PCT/ EP01/ 04072P3F FHRE 150 SR Portd B pR&p&Pati on of hydr ocar bons from

synthesis gas is typdedlgen Gald IRt mdhokibieMEeEatYhHe calll vt B d 3R0e nQf
from125 to 350 C, preferably from175 to 275 C. Thé pressure is typically
in the range oPIPFEMS53S o MPHG hartdes in hef papky freBmls tio 286¢ -barowabs. |

in _particu'arh&ﬁ@%@@nﬁQcﬁ%a&%bnag%moﬁﬁ@%og%ﬂaQUQa%%BQO%iEQn HAe e
typically fed to thé process at a nolar ratio in the range romf to 2.5.
Low h¥®rogen tHecasbor eheediivdd ynoHae -r &hicoselertivityeadeth®@ t he C5+

selectivity, i.e. the select]jvi of th formati gn of + hydr ocarbons.
The C5IJrV|seI>/ec!t if\(7irf“§?t&fmt ﬁ’%cd Fro&’ééjéf‘}lcé?r P8fer Ieycc)é'ﬁL PEASC T 1Y l?ésé@eon
the total —amusboabshydr acarhonsnr odugedsePibef ¢lABhYedS YU, BRMeYRar N the

enbodi nent of the invention in
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 12:1,

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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15 the Goup VIl netal is cobalt and the further netal is nmanganese

and/ or vanadi um which are present in an atomc ratio of cobalt/(mnganese
+ vanadi w9 oofe7a¢ | east 12:1, the C5+ selectivity of thePCHERIYEDT2 S

remar kably high, even when using symhesis gas having a high hydrogen to
20 carbon nonoxide atomc ratio. In this enbodi nent the hydrogen to carbon
monoxi de nol ar 1680 dili/4./ihn cnheatanget foaaniklzst eckrfespbirigas howdty space

vel ocity ("GHSY', .hetei ter var ithin wide ranges and is typically
in the range %éogrkﬁ/i%%'fEPf@g%éyﬁ%7¥f%L for exanple from 400 to 4000

N /1/h. The term " @8Vpriozewel Ifknene prepheatibn ¥ HRldl@Sbdn@ A& gas
per hour space velocity, i.e. the volune of synthesis gas in N (i.e. at

the standard t BRpECRANCESS USG1G & ARFiEhy Sfak@aE Pr é3dde 3 1 bar

(100, 009 Pa)) rehicehons re@nieteddm canRgpheunr Witk oned iddanef, gatalyst
particles, i.e. _excluding interparticular void spaces. In ‘the case of a
fixed bed cataPy8ryt REAGASYEIENGs R4l B SPprdsddddadeserragimee dft @dtldl yst

bed, i.e. incluydi ag rdeilatedr R Gl iR & SRAGE calt 1t 338 A SV of
SUBSTI TUTE SHEET ( BLE 26) WO 01/ 76736 PCT/EPQ1/04072 1600 NI/1/h on
cat al yst parti BP¥s Ve§ir 6§pSadd ndo cabdlie TEROUiINDY Itayisle ddrel ys®© bed. The

process for thenpreparaldgn af BYGlpcar bans By, ;89 cIndyet eq;ysing a

variety of reactor types and 5 reaction reginmes, for exanple a fixed bed
regimelOa sl upeysphase sediewd dheamosibukpatriopgibée cediatystl pawitlilclebe

[he. Tonction 1857 e Ches SN HEERIGET SPLIE bel ongs 1o e ski il of the
skilled 10 person ftorsékect ithgifdsbeappdepsitabe cabal yde pariflilelde
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)» powder,

8.2 g Mn(AC)7.4H70 (VAC” means acetate), 2.2 g phosphoric

aclid 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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size for a given reaction reginme. Further, it will be understood that the
skilled person is capable to select the nost appropriate conditions for a
speci fi c weavotase confi guration, the 15 reaction regi ne anBCHERD(4012P
schenme. For exanple, the preferred gas hourly space velocity nay depend
upon the type of reaction reginme that is being applied. Thus, if it is
desired to operaatde datles ihyett otar Borm ey hetsi 50 pracesmaniddta fdixed bed

regi ne, refer bl the 20 rly Rac veI ocity i s chosen in the range
fr gm 500pt 0 AN azs% f° ?‘91%1 Tresi e ét'at €' e hydr ocar bon
synthesis pr ocess Witeh coa tsd Irgrty mpsrsaSﬁsrt%gi rm} aprl:ﬁfcﬁifeas@ Yeod hyegas hourly
space velocity is chosen m#frh from 1500 to 7500 NI /1/h. 25 The

i nvention will BfGRE G190, di% R8s hy THeERs oW Head19%owi ng

Exanpl es. EXarfIaio@ldal/quﬂ‘i(j(tlLU enIWasE pﬂ@o@aedalcyytt v lfjo%xé o& Caorfflxed
mercially available titania povvde (P25 ex. Degussa), 30 4

comercial ly a\? 4 2f EBFH AN Brdder,ess Wr gy hartad) 2‘304@(9@“(9%13%@
acetate) , g phewpheS, GnBPdANG 40 WaliLla R Muddl &1MRs Jgneaded for

30 minutes. The mxture was shaped by neans of an extruder. The extrudate
were dried for M HO%R Has1 5P @ RESSATRUTE SHEET ERULE TI6) caD0/ST6 766

PCT/ EPO1/ 04072 ual 0 C |y
cont ai ned 22 %rf/e%O . q@ﬁlwh%lda]{]dd}r 02?47@1%% qot‘llhtgl %a%ﬁxﬁ%ev&?t eitrfce)gen

process0for th@ndprhezﬁenommma@r WBrdricwa reshs: t 14 mitdreo- rde@NWQa]Eatrwurﬁl of
containing 10 e ;ca he for fixed bed Lfe.cat )/st
g9 @11 a;[et 1% tt%ey%ﬁ}gt IIe Gias Ojtla%'lﬁ’d ihcrea sefcf a

particles was héat e 0 a terrperature 0 press
conti nuous fl owooftl00%. The water concentration in the off- gas was kept

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/l/h. The selectivity of

CO2, expressed in %mole CO» obtained relative to the

numper 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 (Cs+ 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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nitrogen gas to a pressure of 2 bar abs.
for
reducti owohe7¢7éé at i ve anount of
increased fromO0% to 100%

bel ow 3000 ppmv. Follow ng reduction the pressure was increased to
out with a mxture of

bar abs.
hydrogen and c

The preparation of hydrocarbongawag garried

rbon—ppnoxide—at—a—H2/COratio of 1.1:1

The catal yst was
24 hours with a mxture of nitrogen 10 and hydrogen gas.
hydrogen in the m xtur ePeEEPGQrEdTal | vy

The wat ertoconcentration in the off-gas was kept

Dur

reduced in-situ

ng

15 31

The GHSV anount ed

to about 930 N FEFRPL§he reaction tenperature is|éxpress

bdLag)t he

wei ght ed

average bed te

TDETatHt §1 ¥WaSCa8D5 (bmolBF space 20 HiBE Vi
granms hydrocar

bon product per I|tre catal yst particles (

,h_u EXPT
ncl udi ng

bssed as
t he voi ds

between the ppseletesyiperhhavocavwesnd002gbléih. | Bheisel
EXpI‘ESSEd in 9 tive to the | nunmher

POBLYITY
hf Ml es

pf  C02,
CO

pleC02 obtainedrelat
convert ed; géfeﬁ??%?F§Vbetﬁéwé5 hydr ocar bong 24expr e

abht ot nAA - Al
I U\.,Ol.l benrs—obtatned—rel

588d as ©

the nunb

ol e of

r of

IIC

t he

carbon present'sd at--ve—to

nol es CO conngte Bnaé%

nore carbon at ons (C5+ selectivity),

the total hydrocar duc were.3 e rnlne
oRruRarcBe apPahEiARedabran

operation. The res

he®© selectivity to hydrocarbons containing 5 or
expressed as a weight percentage of
d after 30 hqurs of

they SAPREYFE PEonmarati ve)

Exanpl e | was subhspast 1al hyer epeabedibyt twi thet hevedifbar engemtpat no

phosphoric acid was present _in the_ 35 m xture.
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Sel ectivity hydrocarbons (Mle) 99.1 98.7 C5+ selectivity (%) 94 92 *):
Conparative It will be appreciated that the catalyst of Exanple |, i.e.
accordi ngvoo1/td1e6 i nvention, is much better than the cataPgBEP@fio4ERanpl e
1, i.e. the conparative catal yst. SUBSTI TUTE SHEET (RULE 26) WD 01/ 76736
PCT/ EPO1/ 04072 11 CL Al MS 1. A process for produci ng hydrocarbons,

whi ch process conprises contacting a m xture of carbon nonoxi de and
hydrogen at el evated tenperature and pressure with a catalyst conprising a
Goup VIII metal supported on a 5 carrier, which Goup VIII netal is
present at least partly in netallic formaandswhich catal yst further
conprises inorgani c phosphate in a quantity of at |east 0.05 %,

cal cul ated as el enental phosphorus relative to the weight of the catal yst.

10 2. A process .as rclpigmtd Fdd @xredhcﬁmar}aﬁdﬁda&%dsn &Hhaéh e Loup

VI1I nmetal is cobalt. 3. A process as clainmed in claiml 2,
characterised SHPHaCH Cf%qar%?l%taalm%@%%%fntca\m%h rrfqmmeie metdl s

sel ected from mﬁ{@ﬁ@&%ﬁ-ﬁ, anadidiag aid UM 385%3’ heni um 4.
A process as clained in aany of claims I-3, crhar act?P ised in tlhat I norgani c
phosphate i s predEtystn GomRyUmY 2 iGrQure Waig@afalf mommrtad oh 5 %y,

cal cul ated as glgnrit al 1 PheSRIQYUS +F I ght_.of & 20
catalyst. 5. A process as E%Z.I nedibsn lgdnl(;tl%e:‘l@al] |strr£>berf\-g%nq“h tgrlaechserl sed in
that the carri @exddprinseetaltldn £aom, @ndiwhd.ch catalyst further

comprises inorganic phosphate in a quantity of at least

0.05 %w, calculated as elemental phosphorus relative to
the weight of the catalyst.
10 2. A process as claimed in claim 1, characterised in
that the Group VIII metal is cobalt.
3. A process as claimed in claim 1 or 2, characterised
in that a further metal is present which further metal is
selected from manganese, vanadium, zirconium, rhenium and
15 ruthenium.
4. A process as claimed in any of claims 1-3,
characterised in that inorganic phosphate is present in a
quantity in the range of from 0.1 to 2.5 %w, calculated
as elemental phosphorus relative to the weight of the
20 catalyst.
5. A process as claimed in any of claims 1-4,
characterised in that the carrier comprises titania or
alumina.
6. A catalysts which comprises, supported on a carrier,
25 a Group VIII metal selected from nickel, cobalt, iron and
ruthenium, and a further metal selected from manganese,

vanadiumy—zireonium—and—rhenium;—which—ecatalyst—further

comprises inorganic phosphate in a quantity of at least
0.05 %w, calculated as elemental phosphorus relative to

30 the weight of the catalyst.
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6. A catalysts which conprises, supported on a carrier, 25 a Goup VIII
nmetal selected fromnickel, cobalt, iron and ruthenium and a further

net al selve@deT786 om nanganese, v-an-a-d in, z r-eon i unPE@NEPH@OEN rum
whi -ch-c-a* a-1-y- t-f-u-rt h-e-r- cdeprises inorganic phosphate in a
quantity of at least 0.05 %w, calculated as el enental phosphorus relative
to 30 the wei ght- o2 tdsdadatdiysas cSUBST TR ISHEET ,( Rilléx 28)e MG O /46736

PCT/ EPO1/ 04072 7 I [ ' iim.6,, characterised in
that at | east ge{gatgt ot ?hecea?ggﬁifﬁllﬁ ?r}lé%‘a(f’?&sﬂ &lgﬂslgn 1_Tanl T LM i
state. 8. A catidlsystetasllclaisterktén claim6 or 7, wherein the 5 inorganic
phosphate is present . |ty . e fr 0..1 to 2.5 %w,
gesent dalr?:agi}}é%cgnéé cyléﬂne%ci.'elr{ ?}I%&n{cg or Oin Whefrq;lﬁb

cal cul ated as el'ementa horus Trelativ he Wwei ght" "0 § al yst.
9. A prbcess fdmguueped mhesma ot yst msesdrdi nied d muanl@ity Gn cdigpri &gy
the steps of pr i m Xt of 10 th oup VI LI netal., the further
netal and the ioﬁg%fé%?c&p otsophtgi"‘t35 e and/ %arlcpl}eleagﬁogcﬂss SRt e sehiey

and a |iquid, rsHapiing ard tdrey iwigi giite ¢f epsy echdlxisyr.e and subsequently
cal cining. 10. 9A process for J‘teohe reparation of catal yst. as 15 clained in
clai m 7, whi ch “conpr FESAThj et i %A Sty s ﬁﬁ)‘/réﬂl%’iﬂecﬂ @™ 6 to a

reduction treatdiRiim i6) tdignp i Lisencenhdf st egenrHdBIH T U RiSHEERLE (FLE

26) 10 the Group VIII metal, the further metal and the inorganic
phosphate and/or precursors thereof, the carrier and a
liquid, shaping and drying the prepared mixture and
subsequently calcining.
10. A process for the preparation of a catalyst as

15 claimed in claim 7, which comprises subjecting a catalyst

as claimed in claim 6 to a reduction treatment in the

presence of hydrogen.
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