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Catalysts suitable for use in a Fischer-Tropsch
synthesis process typically contain a catalytically
active metal of Group VIII of the Periodic Table of the
Elements (Handbook of Chemistry and Physics,

15 68th edition, CRC Press, 1987-1988) supported on a
refractory oxide, such as alumina, titania, zirconia,
silica or mixtures of such oxides. In particular, iron,
nickel, cobalt and ruthenium are well known catalytically
active metals for such catalysts. Reference may be made

20 to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168834,
EP-A-363537, EP-A-498976 and EP-A-71770.

In the Fischer-Tropsch synthesis, as in many other
chemical reactions, the supported catalyst, the reactants
and a diluent, if present, in contact with one another

25 usually form a three phase system of gas, liquid and
solid. Such three phase systems may be operated, for
example, in a packed-bed reactor or in a slurry-bubble
reactor. A packed-bed reactor may comprise a packed bed
of solid, relatively coarse catalyst particles through

30 which there is a flow of gas and liquid. A slurry-bubble
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15 US-A~5545674 discusses the use in the Fischer-Tropsch
synthesis of catalysts which have a short diffusion
length, i.e. they are low in diffusion limitation. Such
catalysts may have the form of a fine powder for use in a
slurry-bubble reactor, or they may be in the form of so-

20 called shell catalysts. The shell catalysts comprise
relatively coarse catalyst particles which contain the
catalytically active metal positioned exXclusively in a
thin outer layer of the particles, instead of in an even
distribution throughout the particles. The shell

25 catalysts are primarily of interest for use in a packed-
bed reactor. Compared with the traditional catalysts, the
catalysts which have a short diffusion length exhibit a
relatively high selectivity with respect to the formation
of Cg+ hydrocarbons, and they suppress the production of

30 methane.

As indicated_hereinbefore, catalysts which have the
form of a relativély fine powder can suitably be used in
a slurry-bubble reactor. However, operational

difficulties occur when the shell catalysts are used in a
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15 catalyst bed.

More generally, these problems occur in any chemical
conversion process which involves a gas or liquid flow
and in which diffusion limitation plays a role in
relation to a solid catalyst. Thus, when put in a more

20 general context, it is desirable to find a solution for
the problem of using a shell catalyst in a packed-bed
reactor, in an economically attractive operation.

As a solution to the stated problem, the present
invention provides a reactor comprising a packed bed of

25 supported catalyst or supported catalyst precursor
wherein the supported catalyst or the supported catalyst
precursor comprise an external surface comprising a
catalytically active metal or a precursor compound
thereof, and the packed bed has a vold content of more

30 than 50 %v and a specific surface area of more than

10 cm?/cm3, which is calculated as the total external
surface area of the particles relative to the bed volume.
When operated in a chemical conversion process which

involves a gas or liguid flow, a packed bed as defined in
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present invention is suitably a supporte orm
of solid, relkenivety sonesexpanti csesh as shatihegsoanmiopieddsfbRedent

structures (or ckings).,as gauzes, cosrugated sheet materia
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In addition, in preferred enbodinents as specified i ai s
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particles or Gal @lysi PLSEYESQh syngas, in which the catalytically
15 active metal is a Group VIII metal which is present at
least partly in metallic form.

The packed bed to be used in the present invention is
suitably a supported éatalyst in the form of a bed of
solid, relatively coarse particles, or in the form of

20 fixed structures (or arranged packings) as gauzes,
corrugated sheet material which may or may not be
perforated with holes, woven Oor non-woven structures,
honeycombs and foams. For a general discussion about
packed columns, especially arranged packings, reference

25 is made to Perry’s Chemical Engineer’s Handbook (1984),
50th edition, 18-19 to 18-41. The reactor is especially
suitable for downward gas/liquid flow reactions.

In addition, in preferred embodiments as specified in
the claims hereinafter, the invention provides a packed

30 bed of catalyst particles or catalyst precursor
particles, a catalyst particle per se and a catalyst
precursor particle per se, as well as to a packed bed
comprising fixed structures or arranged packings

comprising the catalyst or catalyst precursor, for
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Suitably, the 8peerptéonocfuthgceeartaonf pradueht rgst thedredastivedst 500
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specigﬁg surfagéﬁgrgé%é%g%ﬁgggggégdpéggéggpgfes to the external, i.e.
macr oscopi ¢ surf acBhar gaidf coheentndEvtheatapalyst!bedpiessntithblivhat
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structures or ashaagedipagki ngastUsgakly bhereshhugtuteselstPaokaRys 1y | |
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corr ugat ed p|aE§r5;cular at least 65 %v.

15 Suitably, the specific surface area of the packed bed

is at least 15 cmZ/cm3, more suitably at least

20 cmz/cm3, in particular at least 25 cmz/cm3, calculated
as the total external surface area of the particles

relative to the bed volume. Suitably, the specific
20 surface area of the catalyst bed is at most 500 cm2/cm3,

in particular at most 300 cmz/cm3, on the same basis.
The specific surface area of the packed bed relates to
the external, i.e. macroscopic surface area of the
individual particles present in the packed bed, as
25 opposed to their internal, i.e. microscopic surface area.
The supported catalyst may comprise particles and/or
fixed structures or arranged packings. Usually the
structures or packings will comprise an inert kernal
{(e.g. a commercially available gauze, corrugated place or
30 (non) -woven structure) covered by a layer of catalyst or
catalyst precursor. The particles may contain an inert
kernal or be in‘tﬁe form of a homogeneous particle, i.e.
the outer surface layer as well as the kernal comprising

catalytically active material or precursor thereof.
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15 As indicated hereinbefore, in a preferred embodiment
the packed bed comprises particles which are relatively
thin and have an extended shape. In particular they are
bent to some extent because this causes that the void
content of the packed bed will be larger. Too much

20 bending is less preferred and it is less preferred that
the particles are branched. Namely, too much bending.and
branching would lead to a loss of free-flowability of the
particles.

Suitably, the relatively thin and extended particles

25 have a length, i.e. the largest dimension of the
particles, of at least 1 mm, in particular at least 2 mm.
Suitably, the relatively thin and extended particles have
a length of at most 50 mm, in particular at most 25 mm.
The relatively thin and extended particles may be bent

30 and/or distorted, for example at two or more discrete
locations, in one more directions. If the particles are
bent and/or distdérted, their length is deemed to be the
length of the same particles after they have been
straightened out. The relatively thin and extended
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preferably at least 3, and 15 typically aty nost ldéo?erﬁ?étreﬁgo%éf érhaebl y, the
ratio is in tedatdigd yofthfirorargl tex tBdeTh@aspdcifascamiheidecof Hemd or

parti ¢hes as gi.ven d. pr evi oys t araaraphs apply when all_,
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t hereof may be evenly distributed throughout the catalyst particles. If

this is the ca¥PiceHd Waitd leditterdts aned ldpedi fieadur,acmdar ea of the
packegs bed aStypically at most 100. More preferably, the ratioc is in

the range of from 4 to 50.

The specifications of the particles as given in the
previous two paragraphs apply when all particles have the
same dimensions and form. Frequently, the relatively thin

20 and extended particles do not have the same dimensions
and form, in which case it is preferred that at least
80%, in particular at least 90%, more in particular all
individual particles meet the specifications as given.

The catalytically active metal or the precursor

25 compound thereof may be evenly distributed throughout the
catalyst particles. If this is the case, the void content
and the specific surface area of the packed bed as
defined hereinbefore imply that the dimensions of the
catalyst particles or the catalyst precursor particles

30 are such that they exhibit the characteristics of a
catalyst which has a short diffusion length.

However, preferably, the catalyst particles or the
precursor catalyst particles are particles of a shell
catalyst, which shell catalyst particles comprise a core

35 and an outer layer covering the core and which outer
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support may be forTkgasppeont cas boypseppby ta mhater paefiesabhy atlisga
refractory OXifﬁief%préﬁé gf suitable_ refractory oxides include silica,
alumina, titania - 2T conraoof MXRU o UeS*¥Bhbei sthg snteeacl apuafage
area is at least 20 m2/q, especially at least 25 m2/g,
15 and more specially at least 35 mZ/g. Suitably the
internal surface area is at most 400 mZ/g, especially at
most 200 m2/g. Preferably the internal surface area is in

the range of from 40 m2/g to 100 m2/g. The internal
surface areas as quoted herein are deemed to be BET

20 surface areas measured in accordance with ASTM D3663¥92.

The support may be for example a carbon support, but
preferably it is a refractory oxide. Examples of suitable
refractory oxides include silica, alumina, titania,
zirconia or mixed oxides comprising silica, alumina,

25 titania or zirconia, such as silica-alumina or physical
mixtures such as a mixture of titania and silica.
Preferably, the refractory oxide comprises titania,
zirconia or mixtures thereof, in particular the
refractory oxide is a titania or a zirconia.

30 According to a preferred embodiment, the refractory
oxide comprisingﬁtitania; zirconla or mixtures thereof,
may further compfise up to 50 %w of another refractory
oxide, typically silica or alumina, based on the total

weight of the refractory oxide. More preferably, the



25 titania or zirconia, such as silica-alunina or physical mixtuk@JARiBh
as a m xt weodgta tania and silica. Preferably, the refr ap¢trapyiosiige
conprises titania, zirconia or m xtumes thereof, in particular the
refractory oxide is a titania or a zirconia. 30 According to a preferred

embodi nent, t hedddfriactaqr ¥e feXicde rgOBRA U8l NG £t bt-aBkedt , ZELABRE QT u? ures
thereof, may further conprise up to 50 _%w of another refractory xi de,
typically silic¥ 6™ afffnBOrEaPEEL652PRhY BBt &P lRelyht obf thResemer act ory
oxi de. More prefigrably, the 2 5 JAN 2005 WO 02/07872 PCTI EPOL/ 08019 9
additional refractory oxide, if present, conprises up to 20 %, even nore
preferably up to 10h#wredmacheryamxideampst Plefeehbdgt oopsdxtdeofost
preferably consi. .of 5 titani.a, -i.n particular.titani a_ which has been
prepargg in t%éﬁéﬁg%ﬁcénoPa§GFSH&9FCgﬁFSPﬁanhéghpgﬁﬁdQ?eﬂnpéﬁﬁﬁﬁﬁg i5%
such a prepar atthen amaiched iofv el ehur-aaataydtaby sompotindsi. t AR Kample
tetrachloride. |n accordance with this invention the catalyst 10 ~
particles or cé@éﬁy§§'6TEE§P§6?t5&PtF@F8§dcéﬁﬁPﬂ§@safléE?a yereawysy. sastf ve

metal or a pregurseliuaPnRrRewadHIbtile catalytically active netal
Typically the netal is a Goup VIII netal, as in many chem cal reactions,

such as Fi scher - TESp8€Eosankes W tindhhpdioyenstioonsheacatelysts Vi | |

nmet al tal yst . sed. Ear ' Fis r-Tropsch synthesis it is

preferggd thatpgﬁél qg%p% IFF%%é&Eﬁ ?geégﬁgggegg%Féﬁ}eFrSﬁ?pﬁﬁgﬁeP, cobal t

and rut heni um chtied yiriebdlgblaytiveobathloorr at bericutsos sehpohed af ttie

Goup VIl netal 0] becg se cohalt b sgd at al iﬁs aﬂd r ut heni,.um based
ﬁi% f Plﬁé

catal ysts gi ve “4PHYA HVi B2 Jc&rBoRstatpde @
preferably, colgchp viggl aeted,ass tikenehQueh¥hlikaetahctAchyr t Belchmetal
may be presentgigcher—Tropsch synthesis and hydrogenations, a Group

15 VIII metal catalyst may be used.

For use in the Fischer-Tropsch synthesis it is
preferred that the Group VIII metal is selected from
iron, nickel, cobalt and ruthenium. More preferably,
cobalt or ruthenium is selected as the Group VIII metal,

20 because cobalt based catalysts and ruthenium based

catalysts give a relatively high yield of

Cgs+ hydrocarbons. Most preferably, cobalt is selected as

the Group VIII metal. A further metal may be present in
order to improve the activity of the catalyst or the

25 selectivity of the conversion of synthesis gas into
hydrocarbons. Suitable further metals may be selected
from manganese, wvanadium, zirconium and rhenium. A
preferred further metal is manganese or vanadium, in
particular manganese.

30 If the catalytically active metal or the precursor
compound is supported on a support, the amount of metal,
in particular GEdﬁﬁ VIII'metal, present on the support
may vary widely. Typically, when the catalyst is used in

the Fischer-Tropsch synthesis, the amount is in the range



order to inprove the activity of the catalyst or the 25 sel ectivi tyzafJAN 2005
t he conve{vﬂb@n, @f synthesis gas into hydrocarbons. Suitable further

met al s may &Pected from manganese, vanadi um zirconi MGEEIOBYEAI um

A preferred further netal is mangane¥e or vanadium in particul ar

manganese. 30 If_the catalytjcally active netal or the precursor

compound i s supopfo it ;@%pﬁftqf e amhak. dfagsedadn the paightudbar
Goup VI netahe RBSANrOniRE SUPRGL Y i dely._JTypically,
when the catalyst is used in lthe Fi g'g{mrw: ir%pts%{?/s% h%%?%%’yﬁhe anount
is in the rangdartsclme, 2665 thADTEY078722 REHIEPAL D8O1uH&d ofofrom 1 to
50 %w of the mgtgl i t mei.ght. of, the nmetal relative to the

wei ght of the cat gltig’%s%g}a?{ﬁecp‘geslyﬁi Qtfhg: toeﬂq‘:el% XR¥S¥y HE sERe but ed, or
rel ativé to theaweilgtst gphithelest eird ayes.] idatdg & Gl Al ysiepart]cl es
are shell catalyst rticles. In accordance with the definitions given
her ei nbef ore, t1&° &E Y, the glediad tiemse aimen dyereinbeferaeripher y

of the particloateli Qb yeemlyd sRen@oef Heh t icall ctive netal
or the precursor conpound. Preferred r a'ngegCh%g lgal%etﬂf r%ém %h? 33%1 LY P
particul ar frofls PEridcdw, vhrch weorpatsesadios Eermraldatalheiddoup Vi |

metal and the fukther hal... ih pr in the catalyst, are located in
the catalyst Sartliclglse%%rl toﬁetglgﬁ %%g:{ﬁrrpsroerc&roggro 'ti%‘l'eege%qe 5 s

same |bationsarehéramodi ¢or dtli Gwof ivhea@tdemlMd Ifrdretaltd ;d hg, f ut her
metal is typi c%&lley at I%ast. 5:1 and it is typically at nost 200:1. If a
shel | catal yst 7i's G88§, “PréScore conprises preferably a material with a

| ow i nt er nal SurfaGena&Qaly,ZQhEeG%@%? WhQIl%@%%lteﬁr%qg%%?ﬁ#?gﬂﬁiace

area, the less will be the chance that the core itse

catal ytic acti Vet¢l:| AfapE6sgaicdmébencataliystyhare located in the
catalyst particles or the catalyst precursor particles at
15 the same locations. The atomic ratio of the Group VIII
metal to the further metal is typically at least 5:1 and
it is typically at most 200:1.
If a shell catalyst is used, the core comprises
preferably a material with a low internal surface area,
20 because the lower the internal surface area, the less
will be the chance that the core itself exhibits
catalytic activity. In accordance herewith, if the
catalytically active metal or the precursor compound
thereof is supported on a support, the internal surface
25 area of the support is preferably larger than the

internal surface area of the core. In general, the core
will have an internal surface area of less than 20 m2/g,
especially less than 10 m2/g and in particular less than
2 m2/g.

30 The core comprises frequently an inorganic material,
such as a refrgctgry oxide, a ceramic material, a metal
or a carbon. Suitable refractory oxides for use as the

core are silica, alumina, zirconia, magensia and titania,



catalytically active netal or the precursor conpound thereof is 25 JAN 2008

suppor t edwom@rsygpport, the internal surface 25 area of therspap®ly ! S
preferably larger than the internal gurface area of the core- In
general, the core wll have an internal surface area of |less than 20

nR/ g, especi ahhg messutdantAdra8Rf gshbhdchnapar ki GMias éﬁésatﬁfgfegrgglg'
30 The core co%g ises frequently_an inorganic material, such as a
refractory oxitelTaCtRFAnPELfe® efPhIUSE A8t ke BPLA- carbon. Suitable

refractory oxides fio6 WS 88 I henrLOLR;ALEISI Y] ux irconia
magensia and titania, 2 5 JAN 20%r5 V\D:LOZ/%)%BI!%%Q%%P%ﬁ%%%ig Jlleanlahe

m xtures ther €8PrSi 1§ caf andmatahi ha pebune pretprbedadveht ageony %EEESe
for use as the; ) use ich is based on a netal, i.e.
o P Eoyifts (B E ERLEIYEL ol Rn DTS otk Phnd ahee Vi ch

the core is ta c nature, 2 atV
provides a shehdscatetyatiwbighhighshesngcandushichthasaarsekatbyely high

heat conducti vif A relatigeégavri h. heat conductivity is advant ageous

when t he shellhl%%IQﬁ§%tc?§ Y alPr OCEILLABBRPES avReb sttt shel

quantity of hesitaibpsts 19 Heed rﬁmsie%fsgeééomefetg 5085 d0n £ paLtion
m xture, such as in a Fischer-Tropsch synthesis process. Suitable netals

are al uni ni umY3nt tedpbeheat tneeds uke e brapsfesrednbromi oy onetbe
foth i d . NJ i Xt .
nore afg these d@tal Sn hikeu é?eéu@ﬁ A brags, f%gg$§%yT}§8§%Hk%¥%%§851s

conprising alum niumare preferred, for exanp ure
conprise at | REICSTS 94l tabhe ungtabsparei gbhminaom, | ash, 96opper,

al um nium Th e 1 es.conprise typically at nost 99.9 %w
al uni ni um orq%b%%&g%nE%é@Lﬁ%é%%ﬁ#%%f%?%ﬁ%%?ﬁﬁ]Oﬁ uﬂfﬁ?ﬁﬁ?c%ﬁt%?%?ﬁg
m xtures may momrsselikonsfedll 4ndSbMsel TDALENE AANGSd Ofi Rddisives 20

selected from _ for exanple, npgnpesium silicon, copper, manganese, zinc,
chronmium zi r coHRNT £ 7 L P A TRES cBF BT ARG EBe g%Ft¢§a%P1%h@¥¥9u§¢Sa

carborisor of afhich comprise at least 80 %w aluminium, in particular at
least 90 %w aluminium. The latter miktures comprise
typically at most 99.9 %w aluminium, or even at most
99.99 %w aluminium. Aluminium containing mixtures may
comprise from 0.01 to 5 %w of contaminants or additives
20 selected from, for example, magnesium, silicon, copper,
manganese, zinc, chromium, zirconium and titanium.

The core may be partly or wholly of a carbon or of an
organic material, such as a polymer or another resinous
material. Examples of suitable organic materials are

25 polystyrenes, polyolefins, celluloses, hydrocarbon resins
and epoxy resins. The carbon or the organic material may
be removed in a later stage, for example during a
calcination step as described hereinafter, in which case
hollow catalyst particles are obtained or catalyst

30 particles which have a core of low density (e.g. a core
having a foam structure). As a matter of definition, the
removal of the cere is deemed to be a replacement of the
core by a core which is an empty space, and the resulting
(partially) hollow catalyst particles continue to be

35 species of a shell catalyst.



organic material, such as a polyner or another resinous material.2d JANZ009
Exampl es wh Shhd-abl € organic materials are 25 pol ystyrenes, polyolefins,
cel | ul osesF) %};}:Wgcar bon resins and epoxy resins. The car J&7/BRU14$EY
organic material may be renoved in a1ater stage, for exanple during a
calcination step as described hereinafter, in which case hollow catalyst
particles are obtafhedSerfeaeap§sthaocpae tinayebewbireht haueed €or gcah eb@w

density (e.g. hayi ng. a_f tructure). As a nmptter of
definition, th% 5%%561?&%?9%%8 §gp]5§?so‘d}é%ﬁe AYBLpkCathepFasenes® of the

core by a corepaiithularaaf eapt yhepasecingtdibhestegukti HQScQEF’:&Bi al ly)

hol | ow cat al ya\% %ﬁi%es (I;@:{?]’%i nue_to be 35 species of a shell catal yst.
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be prestreated .ty alﬁjﬂiﬁﬁlﬁOvﬁnQEEﬁ,Fﬁrggb§§lgp 19% &gg%lgyltlg_rghgyg{lr gctehe
as i be

core, in particuylar after the calcination ste esc
herei nafter. THe'5f faeRt BRIt hBhedr et heychee noaly fhedvashedgwiby wegeyi ng -

inpurities or dy £OVEELHGL S c i coating. Thus, .the core may
be washed with water or di ﬁi egﬁélzi %S %{5\%%%0%% E’(;}&%%Bn}ggrb‘ﬁogﬁﬁgriﬁraci d;
or treated wWiTPae@f¥ilh o2 yrekraetsoy,osldd asla SidhCassel siPicaNso]
al um na sol, I ..such as a zirconi umoxide 10 paint. |f the core
conprises a rg:1£rr gdc gér@%%ﬁ%e?o t Thy? BRllbre-IVeRtide dyzEEFenhuni oxnideor

exanple by hea;tdﬂwg:atlfe&twa&@ﬂet@@m%f@gégea peeferably ab;a.te ure
bet ween 400 ratPnd 750 C, nore preferably between 450 an% 65%) %’ {Qﬁg%

duration of tHE SATT IR iRY 15l eRdsion onfas Sxanmle elsyt beseimygaht
h , fer &l i t i th | cinati
o, ot et S v e LS Bl L SRS

is carried out in an oxygen-contalni
not excluded t4P%t an’ EHel 1€ neneare atafysiblydmprisas 450t Aed evmpdoent s,

in addition t ey a2l B0 I O0SADEIBI N on s typically from
15 5 minutes to several hours, preferably from 15 minutes to
4 hours. Suitably, the calcination is carried out in an
oxygen—~containing atmosphere, preferably air.

It is not excluded that the shell metal catalyst

comprises further components, in addition to those
20 mentioned herein.

The skilled person will be aware that suitable
methods are known in the art for depositing the
catalytically active metal or the precursor compound
thereof on a support. For example, supported catalysts

25 and catalyst precursors may be made by the methods known
from WO-99/34917, EP-A-455307, EP-A-510771 and
EP-A-510772. These references deal with supports of
titania, alumina, silica and zirconia, respectively.

The catalytically active metal and the further metal,

30 if applicable, may be introduced onto the support in the
Same manner and together. The catalytically active metal
and the further me%al may be introduced in the form of a
precursor compound. Such precursor compounds include
salts, such as nitrates, carbonates and acetates,

35 chelates, such as acetylacetonates and alkyl acetonates,



The gskilled person will be aware that suitable nethods are known iZnStMmS
art for deooeirsmg the catalytically active netal or thepprapui/esio
compound thereof on a support. For emanpl e, supported catal ysts 25 and
catal yst precursors may be nade by the nmethods known from WO 99/ 34917,

EP- A- 455307, EP-A-51Q7 ER- A-510772. . These ref.erences deal w.th
supports of tﬁ?@rﬁoég d;q]su%%gda,m‘sll elsdaaélﬁ% ther B5ied. tgghéct PeBPyaliye
catal ytical |y atlel walresiradt i sthep, | st ke crébald he3@inhranp!l i gabhe, may
be i ntroduced 0210 t he %éfp%%% in the same manner and together. The
catal ytical |y &EEFRF el then PHerRIser ROFDRMSS wdy the Meteddwddd be

the formof a CRLREUASRS GRP AR coSYER BHEG W Wet%lg.m%'ipgs. i ncl ude
salts, such as nitrates, carbonates and acet ates, chelates, such as

‘acetyl atet onat es af@ealSoppcad@dosated ys2 s5ansNCc2003 ysWOp@RL0T832s may
PCT/ EPO / 08019,;.13 QX] i.de n he net.al, itself. Generally,
be CE%%ﬁR%#P%§%%ﬁ% r% of 3 g Ea WﬁFPEdePngﬁr

the cal ci nation step, as déscribed heré&i naf f'er, th&F tfe
precur sor conptbedsoain tdfe erttraldawiels, & ichomagr bedmintedt ke obtain a

correspondi ng net oxide. 5 The supp%rted catal ysts and catal yst
precursors may P BEt e P EhEF SPhAdFeS ?ﬁra%edFﬁéﬁde%&BrP or in
the form of exHidshaids.toMidadde s 1e .|l ed to obtain a powder. The
powder @O obt ai ned _-may be ni xed wﬁthrgﬂdiluent to_make a slurry. 10 In a
prefert®d enbodi med® Eh@IGIFEEEd embeddmspt 48R %ilig ryhéscaedeybical |y

active netal, %B}uii%@id Btl'ltel"ecaﬂcalil&ttll%%l alor 13RdL Q5 ART e%ﬁtiggaﬁg%ﬁ%ds

t hereof, the support “and/or a precursor of the support tht uent.
15 It may be aduatihggesetalo agdcax precursor compounds thetrkeefsuppher t

e ARG S O R AT S
adhesi on of diluent.

15 It may be advantageous to have a precursor compound
of the support present in the slurry because it increases
after calcination step as-described hereinafter the
strength of the supported catalyst and/or the adhesion of
the outer layer to the core, if applicable.

20 The precursor compound of the support may be a
compound which yields a refractory oxide in the
calcination step as described hereinafter. The precursor
compound of the support may or may not be soluble in the
diluent. The precursor compound of the support may be an

25 organic salt or complex compound, in particular having up
to 20 carbon atoms. Examples of such salts and complex
compounds are salts, such as acetates, propionates,
citrates; chelates, such as acetylacetonates, alkyl
acetoacetates and chelates with lactic acid; alccholates,

30 such as ethylates, aminoethylates and isopropylates; and
alkyl compounds, such as ethyl and isooctyl compounds.
Alternatively, Ene brecursor of the support is an
inorganic compound, such as a hydroxide, or an inorganic

salt, such as a halide. Refractory oxide paints



the outer layer to the core, if applicable. 20' The precursor con%éu% it

t he suppowb ¢3@ys79€ a conpound which yields a refractory Sﬁ%’i the
calcination step as described hereinafiter. The precursor ?%! 6ﬁﬂﬂngf t he

support may or may not be soluble in the diluent. The precursor conpound

of the supportfaayubgtad cdmpPiganic g%%ﬁr 6rﬁ%§§é8éPag ﬁgggpggggﬁ&ry

particul ar having up to 20 carbon a a
conpl ex conpo®®¥deare salts, such as acetates, propionates, citrates;

chel ates, such as et yl tes,.alkyl _acetoacetates and chel ates
with lactic acid; g%co%o?%%%é?g?:ﬁ%hgﬁbg% RERYYRERE, COMPHBRERY PAt es and
i sopropyl at es; t anainiahkgiozxbdpoandstesugdtiagl et iwhnand, i $086t¥khro

1
conpounds. Alternatjvel the precursor_of the support is an |n8rganic
corrpo'u%, suchtjatsa‘éj‘h?/d?@i‘a‘é’fyg?n% YFok gahtanakg| endstshesbaachanide
Refract ory oxi it deaees 2 edN:200501 YO IHATI2 PETREPOILNSAI AL o
frequently conprise a precursor conpound of" a refractory ~oxi de. RE Y
exanmpl e, suit abl “PRREMR BN copbunitenfas tthaniihuehbxi s ahe tambasifhy!
titanate, isosdgproy Lian L enegl ycol titanate and
triethanolamne ti tgng?éeﬁ% %%??/a%??%%%% %%%%%%ﬁ%: in particular for
use in conbinatidthavidhluaterfas ndlein |tients1wsr§ hea arB@NaHM r§ahtk cof

| acti gpacid c titanate. The diluent for nmakjng the slurry may be

an orggni c 10 di eﬁlgtn‘t,s%%}aha%saaﬂ?‘t’)%ra Lo ,aai?‘ﬁ%rk‘RE?Bﬁe, 3alpyeer

ester, or a | cvstreet her,afDowexaspher pteNodamSEL 0BEnandBt hYLoebRY!
diethyl ether or tetrahydrofuran. [n thi's patent

ket one, ethyl acetate,
docunent , V\heﬁnefﬁéyaj{ e‘FJ‘rﬁY{L' | 5ePRe i setRek 3¢eledis urdiethy Wi ehhan organic.
CoTbon s o, TSI SESRLISRE LA LU S A0 BB O el 1
are aqueous di 1tR¥RE" kucksed b ngomimrction with an organic compound
15 the term specifies that the organic compound has at most
six carbon atoms, in particular four carbon atoms. More
suitable diluents are aqueous diluents, such as a mixture
of an organic diluent and water, preferably comprising at
least 50 %w of water and less than 50 %w of organic
20 diluent, based on the total weight of the diluent. Most
suitably, water is used as the single diluent.
The slurry may be used for spray coating onto the
particles of the core, for making a shell catalyst. A
suitable method and apparatus for spraying the slurry
25 onto the particles of the core is known from Arntz et
al., in “Preparation of Catalysts IV”, B Delmon et al.
(Eds.), Elsevier, 1987, p. 137 ff. It is also possible to
wet the particles of the core with the diluent and
subsequently contacting the wetted particles with the
30 powder, by sprinkling or dusting the powder onto the
wetted particles or by tumbling the wetted particles in
the powder. 1
Alternativeiy, the slurry may be extruded to form
catalyst particles or catalyst precursor particles which

35 do not have a core, i.e. which have the catalytically



of an organic diluent and water, preferably conprising at |east 5705%N€ﬂﬂ5
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When 10 surfacefi fREeg@eét Olay éra@ﬁélre@beést&mf eo@n@hé heardipROFdri Qf . the
outer layer are necessarily of the sane nmater is preferred that

the catal yst parti&Fessoprefrreed athat fﬁ‘r%d%ﬁ"sﬂifyf;ﬁmaléﬂﬂe%l%ﬁr ©Budiect ed
toa calcinalion,step.p I;fggugn LE| PRt 00 S 6P d NALSASEed N T2 hardness and

the strength o e adhesi on
calcination step. The calcination step increases the

15 hardness and the strength of the coating and the adhesion
of the coating to the core. The calcination step involves
heating at elevated temperature, preferably at a
temperature between 400 and 750 °C, more preferably
between 450 and 650 °C. The duration of the calcination

20 step is typically from 5 minutes to several hours,
preferably from 15 minutes to 4 hours. Suitably, the
calcination step is carried out in an oxygen-containing
atmosphere, preferably air.

The thickness of the outer layer of the shell

25 catalyst particles, typically after the calcination step,
is in the range of from 0.001 to 0.15 mm, preferably in
the range of from 0.002 to 0.1 mm, in particular in the
range of from 0.005 to 0.08 mm. The thickness of the
outer layer of the shell catalyst particles is herein

30 defined differently for the various types of shell
catalyst particles. The thickness of the outer layer of a
coated shell catéiyst particle is defined as the guotient
of the volume of the coating which contains the
catalytically active metal and the external surface area

35 of the core particle. The thickness of the outer layer of
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el evat ed weonpsrgbure, preferably at a tenperature betwee 50 C
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oxygen- cont ai it MPrEATRsHMREONSEed 7l ] artalynt phrtkadesisf defignedt er
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def
coating whi ch cont® ‘?Ffsp%i AtRR iRF PRt 19 et et aRmananehequrisr dal

surface area 35<ﬁhéfﬁhiﬂkﬁééﬁﬂdﬂ(ﬁﬁé oet hj 5§s°§ ngQ&ein'@Hér
of 2 5 JAN 2005 WO 0 2111 7 8 7 2 PCT/EPO /08 16 a

i mpr egnat ed sHEISViQiSIRATA AR @Fé’l%esdé#h%dalhspahbl@heekh@‘se the of a
| ayer at the pﬁmephg{yc}g{egg'ueof é ‘ﬁ‘hfe heforr]}a égg %oﬁ_%t he
|c ayer

catalytically active netal and St at any
poi nt 18 at t he&hifHeress df dtha rrelﬂealyelrakténe shondesthdi shmaceotoallhe

peri phery of t I the sane a d equal t hi ckness of the
outer |ayer a ?&2%? e}sg’dellﬂn%{}he previous pjzﬁ a%‘?%%?\rﬁﬁgl Fggtmﬁﬁnfﬁ??

particles haveQhe irsgrerttiniulenesst o]featdfte oot ermdByein Fhaeguenthy,athe 10
t hi ckness of the Oe’df Ia er IS not t ane for all, particles, in which
case it is préf Y%a Cg]f?t m A; T paIRchf dF2hiongast 90% nore

in particul ar aIIThduhauéhyﬂldﬁﬂﬁy(Edﬁiﬁgﬁﬁoiﬁﬁ§elﬁp@ﬁéfbééké&néed
15 (i.e. the total volume of the particles which contains
the catalytically active metal or the precursor compound
thereof, typically after the calcination step) is
suitable in the range of from 5 to 50 %v, preferabiy in
the range of from 10 to 40 %v, relative to the volume of
20 the packed bed. In this context, the catalytically active
volume of a surface impregnated shell catalyst is deemed
to be the volume of the layer at the periphery of the
particle having the thickness d. The catalytically active
volume of a coated shell catalyst particle is the volume
25 of the coating. When the catalytically active metal or
the precursor compound thereof is evenly distributed
throughout the particles, the catalytically active volume
is the total volume of the particles.
The_fixed structures or arranged packings to be used
30 in the present invention are well known in the literature
and often commercially available. These structures or
packings are usuéily made of metals or metal alloys or in
the form of ceramic foams/ceramic honeycombs. These
structures or packings may be covered with a layer

35 comprising catalytically active material or a precursor
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the precursor conpound thereof, typically after the calcination step) is
suitable in the range of from5 to 50 %, preferably in the range of
from10 to 40 %hemesifative:Ho wahe amoldescofod dtherpackesidesgln this

context, the catal yt.ically active  volune of a surface inpregnated shell
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literature an f comnerci.al |y avail abl e. These structures or
packi ngs are ugrue(aglcltt?}nage of C‘Lﬁgtca sprolrs%’rsetldﬁeaﬁ AR gut 2 HeP¥ or m of
cerani ¢ foans/ eerdrhia honenondal,s, Thase meiiCtdl GO 1 RRACK LS 86 D g

covered with a layer 35 conprjsing catalytically active material or a
precursor 2 5 f/&’ﬁy%t%% 6-758‘%2‘: 1108 ract hekeotuiirhhie way

as desgoi bed abrwagrREfaldedhammtel id shdandde; %ﬂ%iﬂﬁieﬂuﬂo@.c“fﬁlgs
are the sane as for the shell catalyst described above. "The reactor

conpri ses basi d&SSgla Mass hd  LiviHiach v6l Wongre seatalysetn degesi ¢lors feed

i nlet, product t j Y ol ol d the packed bed in
pl ace. The reé%!t{g}%ésl}l a Cf%ﬁp&?ﬁs@l%%{bj%ﬁoﬁﬂq eftqge f%?‘rktla'ﬁ]%ﬁ iary
cheni cal s, and imang Heorvessatli .ngh a_uﬂd.iml'nqoldmgveshmhsewwg agr':v_dasérgt in
contents. The reactor i,s suitahly .1Q . designed such that it w thstands
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i nternal pressure. e - ess$el
or 15 packed beds, for example 125000, or even up to 40000 or

more. The reactor may be a multi-tubular reactor.

If desired, the calcination step may be carried out
inside the reactor.

The dimensions of the packed bed may be as follows.

20 The height of the packed bed is typically in the range of
from 1 to 20 m. The dimensions perpendicular to the
height are typically in the range of from 1 cm to 10 m.
The ratio of the latter dimensions to the length of the
catalyst particles is typically in the range of from 5 to
25 1000, preferably in the range of 7 to 500.

The reactor and the metal catalyst may be used in a
process for the preparation of hydrocarbons from carbon
monoxide and hydrogen. Typically, when in use in that
process, the metal which is present on the catalyst is a

30 Group VIII metal and, typically, at least part of the
Group VIII metal is present in its metallic state.

Therefore, it is normally advantageous to activate
the Group VIITI metal catalyst prior to use by a
reduction, in the presence of hydrogen at elevated

35 temperature. If desired, the reduction may be carried out
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pl uralitwofhdessels my be present in the reactor, sot ctor
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hydr ogen. Typigal b i hat rocess, the netal ichis
present on théﬁ%a%%?§§?g?gigtgggcfgu%y@¥??8ﬂe?ﬁ SRAINeThi 8aFt ylike | east
part of the Giupoythl Teearelstpressanbund bEShyBEALLACHSEELSE in the
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catal yst priof i use ByY al 2PERUREFBRSD R- £ handr 888n¥. of hydrogen at

el evated 35 tenper¢asedihd €eShrgd8eréhecdeOMELY y.pe.carri 2 5
JAN 22@5 VO 02/ 07872 PCTI EPC]/O8%19 18 insi de t%gegga%t?o$ﬁ31{/%?g%€¥§/?’
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range from 1Q0-dos4nd feval % eyap ed. &€§$§5§9%§%§%§ %é%afron1l to 200

bar abs, frequently for 1 to 0 hours. y be used in
t he reduction,SukRaequenslysubhéycptaliest eils tonappt ¥d aw Dt 41 @a of

nydr ogen presan T it HéoTatbhfe BalY raigeefliaRenTe. of hmaeresaaas,
According to ahw efest dieEndodi vedhenf gibe pedusi ORe reduction, the

15 relative amount of hydrogen gas in the gas mixture is
gradually increased up to 50 %v or even 100 %v.

It may be preferred to activate the Group VIII metal
catalyst in-situ, that is inside the reactor for the
preparation of hydrocarbons from synthesis gas.

20 WO-97/17137 describes an in-situ catalyst activation
process which comprises contacting the catalyst in the
presence of hydrocarben liquid with a hydrogen~containing
gas at a hydrogen partial pressure of at least
15 bar abs., preferably at least 20 bar abs., more

25 preferably at least 30 bar abs. Typically, in this
process the hydrogen partial pressure is at most
200 bar abs.

The process for the preparation of hydrocarbons from
synthesis gas is typically carried out at a temperature

30 in the range of from 125 to 350 °C, preferably from 175
to 275 °C. The préssure is typically in the range of from
5 to 150 bar abéli preferably from 5 to 80 bar abs., in
particular from 5 to 50 bar abs.

Hydrogen and carbon monoxide (synthesis gas) is

35 typically fed to the process at a molar ratio in the
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process for th&3¥ &fervatiidhisf wiytr geadsonsirfd dm typichedys igashieS range
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may vary within wide ranges and is typica in"the range
20000 N /1/h, rfdtee Wi catalyistoma3tdclles,100€0 Kikclludinghéntewrrm " GHSV"

I's well known b3 e atl void spaces. Preferably the gas hourly space
15 velocity is chosen in the range from 500 to 5000 N1/1/h.
The invention will now be illustrated further by
means of the following Examples.

Example T

A precursor of a shell metal catalyst was prepared as
20 follows.
A slurry was prepared by mixing and milling together

commercially available titania powder (P25 ex. Degussa,

BET surface area 50 m2/g (ASTM D3663-92)), commercially
available co-precipitated cobalt/manganese hydroxide,

25 commercially available lactic acid titanate ammonium salt
(ex Dupont, available under the trademark TYZOR LA), a
commercially available ceramic zirconium oxide paint
(obtained from ZYP Coatings, type Z0O) and water. The
slurry contained 16 %w cobalt and 1.0 3%w manganese,

30 calculated as the weight of elemental cobalt and
manganese, relatjve to the weight of the calcination
residue which can be formed by drying and calcining the

slurry in air at 800 °C for 2 hours.
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2/ 11 %98 7 2 P&!/EP 110%019 20 Al um nium shavi ngs (typical dinmensions

nm by mn aspect ratio about 120, bent to a curvature wth
2 cmradius and digtertedroNsr oEPat 9h90: S washed with 25 %v
i OhPa L R A L BB By tpde o

aqueous phosphoric acid and with 5 water drre
spray- coat ed oftble¥®. treated al uni ni um shavi ngs. The spray- coat ed

R s s N

0.26 mm diameter) were washed with 25 %w agueous

15 phosphoric acid and with water and dried. The slurry of
Example I was spray-coated onto the treated aluminium
shavings. The spray-coated pieces were dried at 120 °C
for 2 hours and subsequently calcined in air at 500 °C
for 2 hours. The average thickness of the coating after

20 the calcination was 30 pum.

Example III

Straight pieces of aluminium wire {(length 4 mm,
0.5 mm diameter, dented at 1 mm intervals with 0.2 mm
depth) were washed with 25 %w aqueous phosphoric acid and
25 with water and dried.
Example IV

The uncoated aluminium shaving and pieces of wire of
Example I, II and III, and the shell metal catalyst
precursors of Examples I and II were dumped in a tubular

30 reactor having a diameter of 2.54 cm (1 inch). The void

content (in %v), the specific surface area (cm2/cm3,
external surface area of the particles relative to the
bed volume), the catalytically active volume (%v) of the

packed beds so prepared are given in Table I. The
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54
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Example V

A precursor of a shell metal catalyst was prepared as

10

15

follows.

Aluminium shavings (typical dimensions 4 mm by 1 mm

by 0.1 mm) were washed with 25

acid,

oxide paint (obtained from ZYP Coatings, type Z0).

Subsequently, an aqueous slurry comprising finely

%w aqueous phosphoric

and coated with a commercially available zirconium

dispersed commercially available cobalt hydroxide and a

commercially available ammonium zirconium carbonate

(MEL Chemicals, available under the trademark BACOTE 20)

was spray coated onto the aluminium shavings.
comprised 67 %w cobalt
cobalt metal,

The

slurry

calculated as the weight of

relative to the weight of a calcination

residue which can be formed by drying and calcining the

slurry in air at 800 °C for 2 hours.

The spray-coated



(%v).area(%) (bar/zn) (cn/cnB) Exanple |,78440.13 uncoat ed Exanpl 35 JAN 7005

1, 693911 \ggabmeh,Exanpl e 11, 67510. 18 uncoated Exanple I1,6 gd
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prepared as follows. Al um niumshavings (typical dinmensions 4 mmby 1 mm
by 0.1 mm were washed wi th 25 %w aqueous phosphoric acid, and coated
with a commer GRS G| @134 cvhi R 1T° ofde? padunts (aobd ai ned from ZYP
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the trademark BA! 20) 15 was spray coated onto the al um nium
shavi ngs. The "&%ur?™yy Mtonpri sed 67 %wv cobalt, calcul ated as the wei ght of

cobal tsnet al , ghehaflieveyt o the weight of a calcination residue which can

be fornmed by yi calcining the slurry in air at 800 C for 2

hours. The spray- Godt @reT B IAN J0O5L MR 02/ ey RGT IR ArYBAE 22

shavi ngs WerequCr' At 0 Ztrh urs. and subsequently calcined in

air at 500 C oralmg) Ot};rr;‘“.?asl'h%eCIII aVerage 1 KhéE ofe i heatinfpPsit er the

calcination wasadysh b Bxsipiteidd, Hel phessqesnsheldpdeiad Gatal ysts

prepared in Fisher—Tro .

psch synthesis as follows.

10 A micro-flow reactor containing the catalyst
precursor particles in the form of a fixed bed was heated
to a temperature of 280 °C, and pressurised with a
continuous flow of nitrogen gas to a pressure of 1 bar
abs. The catalyst precursor was reduced in-situ for

15 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 %v to 100 %v. The
water concentration in the off-gas was kept below
3000 ppmv.

20 Following reduction, the preparation of hydrocarbons
was carried out with a mixture of hydrogen and carbon

monoxide at a Hp/CO ratio of 1.1:1 and a pressure of

32 bar abs. The GHSV was 795 N1/1/h. The reaction
temperature, expressed as the weighted average bed

25 temperature, was 213 °C. After 40 hours of operation, the
space time yield, expressed as grammes hydrocarbon
product per litre catalyst particles (including the voids
between the particles) per hour; the selectivity of
methane, expressed in %w of the total hydrocarbon

30 product; the selectivity to hydrocarbons containing 5 or

more carbon atoqs!(c5+ selectivity), expressed as %w of
the total hydrocarbon product; and the selectivity of

carbon dioxide, éxpressed in %w of the total hydrocarbon

product; were as set out in Table II.
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Exanpl e V was converted into an active Fisher-Tropsch catalyst gy
reduct i oovoan@rsabsequently applied in a Fisher-Tropsch sywigregighias
follows. 10 A micro-flow reactor contzm ning the catal yst precursor
particles in the formof a fixed bed was heated to a tenperature of 280
C, and pressurised with a continuous k@gﬁgggggitrogen gas to a pressure
of 1 bar abs. The catal yst precursor ed in-situ for 15 24 hours
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rel ative amount of hydpogen in the nixture was _gr aﬂual |y ipcreased from
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reaction tenperature, 5?5?8§§8at¥sc?®e Wei ght ed avkfafe bef 25
tenperature, was 213 C—After—40—thoturs—of—operat+or—the—space tine
yi el d, expressed as grammes hydrocarbon product per litre catal yst
particles (incExdmpget NgIvoi ds between the particles) per hour; the
selectivity of ne%hige, expr ssgd i.n.%v of the_ total hydrocarbon 30
product; the sel ectFviiyPt8 ﬁ;d@ ERLBOHE BARFail APRELE er muppdiargEpsn
atoms (C5+ sel @Chi mint Y Ira@spie@sSeedpasaiionl thBeuhehal BUILOCBERON,ore
product; and the selectivity of carbon dioxide, expressed in % Of the
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Sel ectivity CH4, %QG.Z Co+ gé ectié#%y,g&WB%&gglégﬁ#gngﬁkﬁga &ﬁ&?ﬁ’

, and dried.

A mix was made from 1827.2 g TiOp (P25 ex Degussa)

with 896.7 g Co/Mn co-precipitate (molar ratio Mn/Co =
6% at/at) and water. The mix was milled for 33 minutes.
10 A slurry was prepared from the above mix with water

and Tyzor LA. HNO3 was added to the slurry to reduce the
pH to about 7.

A precursor shell metal catalyst was prepared by

spraycoating the above slurry on the aforementioned pins.
15 The coated pins were dried at 120 °C and calcined at
500 °C.

The precursor shell metal catalyst was converted into
an active Fischer-Tropsch catalyst by reduction, as
described in Example VI.

20 Following the reduction, the catalyst was
subsequently applied in a Fischer-Tropsch synthesis as
follows. The preparation of hydrocarbons was carried out

with a mixture of hydrogen and carbon monoxide at a Hp/CO

ratio of about 1.3 and a pressure of 32 bar abs. The GHSV
25 was 1579 N1/1/h. The reaction temperature, expressed as

the weighted average bed temperature, was 227 °C. After

109 hours of operation, the space time yield, Cst



Exanple VI1 Melt-spinned alumniumpins (length 5 mm dianeter 0.255m2005
Tr ansnet ol i on, Colunbus, Chio, USA) were first washed w

tol uene and acet'one. The pins were thgn 5 washed with aqué’&TéEPé’&mﬂ"gnd
with dem neralized water, and dried. A m x was made from 1827.2 g Ti 02

(P25 ex Degussa@); Co/ | tat e (molar ratio M/ Co
6% at/at) and mteeqﬁi‘ﬁhhig@mr)?(d \?\ta%e m f e 1A Par rgSwas

prepared fromddm raldven NXa t Ty added to
the slurry to reduce the pl—ﬁx%%$a\yb%u?5%r@%pryel§%%%ﬁgwg %f]a FY¥tA¢al yst
was prepared bi';ﬁblsebr aycoating the above slurry on the aforenenti oned
pins. 15 The coated pins were dried at 120 C and cal cined at 500 C. The
precursor shell netal catalyst was converted into an active

Fi scher - Tr ops¢ipeakaltjiste lpieleduet/iloh as desqribed 1n Begmple VI 30
Fol | owi ng t he | yst was subhdg equent | y HDD| ied in a
Fi scher-Tr opS(ﬁ iﬁgﬁé@t& ggi 4:f 3 ows. The pr eﬂar ation of @ydr ocar borls
was carried oyt wth—a nxture—ef—hydregen—and—carbonppnoxide at a
H2/CO ratio ()FSabéﬁtleft:}V&ﬁd'ra opr essure of 32|bar abs. TR GHSV 25 \as
1579 N/1/h. 'Elg’eir—egeH—%n—t—%mpeJ—at—we__e’xpLeudd as the weighted average
bed tenper at uf 85 ®&ES1Y3FYCCORt 8¥ 109 hours off operation, 1t-Be space |tine
yi el d, C5+ WO“02/07872—2-5JFAN2005—PCHEROL--A08019 24 sel ectivityjand
the selectivity
f
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to methane and C02, as defined in Exanple VI, were as
listed in the followng table: Space tine yield, g/1/hl198 Sel ectivity
CH4, 95, 1



C5+ selectivity, %00 Selectivity CO2, 9%1.9 2 5 JAN 2005 25 C L A I 5MAR jqs
1. A process for the preparation of hydrocarbons froma m xture of

carbon nonoxi de and hydrogen in the presence of a catalyst, the reaction
being carried out in a reactor conprising a packed bed of supported

catal yst conprising a Goup VIII nmetdP, in particular cobalt, the G oup
VIIl netal being present at Ieaqﬁ ﬂrk[¥ﬂﬁ é n the netallic form wherein

t he supported catal yst conpri ses surface conprising the
catalytically active netal, the packed bed having a void content of nore
than 50 % and a specific surface area of nore than 10 cn2/cnB, which is
cal cul ated as A tRFOqessa|L ax ttdrenh BrepaTaddeiada dnacaghonsg dxem fel ati ve

t th : ' ' | Qi , ised i
that |t HESGER U cdrodh M i TREoddh 017 R nilighRe We 86 11
parti cul eat#lydteasihed rdéct ibn Aodgiras essrtied | Aitrerh ian wdartwd or 2,

characterised in that the specific surface_area of the packed bed is at
| east XPTRRYEHAT 3 P3HFed RfdrofatsURRRLt S @B A AIRYASARY &s  the

total e I f r aty nme.
8 e SR e o St R RS A0S St L DE T

t he packeshibe oot ses st clrepavhi b tiey emet dENgt fafmatwhessinl mm
in particular at least 2 mm and an aspect ratio of at |least 10, in

parti cul &€ | FPRHEE GArRRL DIV FY oFRIRF ISR SHF R tHEFRPRet ratio is
defi ned 5@@# [ f L engd L ent t I over

the extern P%J{r‘?%c%l%r%éaﬁgjsy A p?lo%gasébg‘gggﬁ%?%ﬁ t|9§1ea y lééf@c aims 1to
3, charlazting sedvoidtdbantéeme pickede bigtar ohpricesngaa t speesfiahi ch have

a length of at least 1 mm in particular at_least 2 5 JAN 2005
surface area of more than 10 cm<4/cm?, which is calculated as

the total external surface area of the particles relative to
the bed volume.

2. A process as claimed in claim 1, characterised in that
the void content of the catalyst bed is at least 60 %v, in
particular at least 65 %v.

3. A process as claimed in claim 1 or 2, characterised in

that the specific surface area of the packed bed is at least

20 cm?/cm3, in particular at least 25 cm?/cm3, calculated as
the total external surface area of the support relative to
the bed volume.

4. A process as claimed in any of claims 1 to 3,
characterised in that the packed bed comprises particles
which have a length of at least 1 mm, in particular at least
2 mm, and an aspect ratio of at least 10, in particular in
the range of from 20 to 500, wherein the aspect ratio is
defined as the ratio of the length to the quotient of the
volume over the external surface area.

5. A process as claimed in any of claims 1 to 3,
characterised in that the packed bed comprises particles

which have a length of at least 1 mm, in particular at least



26 2 mm and which fit within the boundaries of a hypothetical PSUAN?%S
whi ch has a length equal to the length of the particles, and of whi

the ratio of the length to the dianeter of the circular cross- sectlon i's
at least 2, in particular at least 3, _nore in particular in the range of
from4 to 50. 6. A process as clainedﬁﬁn any of clainms 1-5,

characterised in that the total volune of the support which contains the
catalytically active netal or the precursor conpound thereof is in the
range of2 fimpmamad (wlrﬁﬁjh fiie qujarhiircmm bourtdeer ireengef of HyparhE) itam 140% of

t he bed vo] une. rocess as aimed in an of clalns 1-6,

char act FY LI, "‘E}Hé-"th % ety tq &£ o € support or

a second, sy F&{és Wi gh df n@hf&l{ Nad Aok g e id p ox."ﬂ*e% gpesel ected

fromsilica, alunina, titania, zirconia or m xe s conprising
silica, ddametex; df ttdm aciarculAr comss - samhiars i3 latcakedanmiha ior physi cal
m xtures such as a mxture of titanja and siljca,. the support or second
suppor t R‘%ﬁ"i’é%ﬂlya%aﬁﬁ NFadHe IorMR PhRachi! ae&t’r"bdi? d€ fJYam 8. A
process Aigedkdn any of claims 1-7, characterised in that the
supporte catalyst or the supported precursor catalyst are particles of
a shell €at al y¥stprodesch assheld ingat allrys!nypa:rﬁ |c::]laexsns:dn=|:ﬁ,| se a reI at ively

inert core and an outer l|a coveri core whi ch out ayer
conpri seSNAFRACLEK LT |’c%llt’r%‘g/tac'%l'l“?/etcl’?ie‘ill | VO h][ﬁ‘%? e‘?%at'tr%‘/etﬂép%%?% }hy
based oncgni®idd  chd P41 F QL1 B! Lot Sk fhOFA1 abH M Uhke difgbr COPPET,

titaniumand m xtures conprising one or nore of these nmetals, or the
core belc'gnpmmmetl'ﬁ@rmf)fla ifhi Keel sangetof efoomab riacmg@@l%pankl ng,

ot s ARG . B T 5 g 1
A process as claimed in any of claims 1-6,

characterised in that the Group VIII metal is supported on a
support or a second support which is a refractory oxide, in
particular selected from silica, alumina, titania, zirconia
or mixed oxides comprising silica, alumina, titania or
zirconia, such as silica-alumina or physical mixtures such as
a mixture of titania and silica, the support or second
support suitably having the form of particles, extrudates or
foam.
8. A process as claimed in any of claims 1-7,
characterised in that the supported catalyst or the supported
precursor catalyst are particles of a shell catalyst, which
shell catalyst particles comprise a relatively inert core and
an outer layer covering the core and which outer layer
comprises the catalytically active metal, preferably the core
being based on a metal, in particular selected from
aluminium, iron, copper, titanium and mixtures comprising one
or more of these metals, or the core being in the form of a
fixed structure or arranged packing, preferably made from
metal, the metal suitably having the form of gauzes, woven or

non-woven structures, honeycombs or foams.



