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WD 2004/ 045767 PCT/ EP2003/ 012884 METHODS FOR
PREPARI NG CATALYSTS FI ELD OF I NVENTION 5 [001] The

w@e@smanizeT nvention rel ates to nmethods for the PCT/EP2003/012884

manuf acture of supported catalysts and in particular
to methods for the nanufacture of supported catalysts
conprising onge.Q et al s deoOS|ted on a
support. BA LraIN2 . U O
Supported catal ysts, in partlcular support ed netal or
net al oxide catalysts, are well known in the art.
Di spersions of snal| FIELB OPANMENEEONN netal oxide
substrates are commonly used as catalytic naterial s.
The physical and chem cal properties of the finaL ]
t.i on t he
JOBE, YEkaRaRE ARANI U RRRG eal BF LRI tppolea
prtdlysts 8,in partichiar fEhBRess RF HReRaRIfidnad ol s@hoABd cAMlysts
any subsequent treatnents of the netal/oxide system
[QOBYISTNEONEBF Morg/adtiye praspa deporiteshon dauppdrtnet al
catal ysts that have small particle sizes (high
di spersion) and netal particles that are honpbgeneously
di stributed on gREKGROUNIDUH THW IPCENTION | nport ant
requi renment for effective supported catalysts. In many
i nstances, particularly with base netal catalysts,

Jofy ‘c’%‘l@BO‘%@‘ﬁ?ﬁ‘”ﬁYﬁs if et fopesumedl FrimPalids eplysts, are

i@ BnoWh Thitge SYP lﬂﬁﬁersmrﬁ' JFGRiaf M1 Walifel &G I’Méttclbloﬁée sglbstrates
many reactions correlates with the nunber of avail

sue fpmoniytuadd & qagaytid imatesal.rifjerhasivaltand bberaishleproperties of

th tal 25 di
B¢ e B8 Ciafidsion] witpBfi B bapaatonp B e hpiaprior t
AehEstidrSoths el Phﬁ‘i@féﬁ t @the ndeBfld® Bf @%s%ﬁ'ugédzﬁd' c91nan9f

the inter-particle distance can help to provide f
stbdgiqeent srepipentsed toamalal/stide vystdm. reduced sintering
probl enms. Supported netal catalysts are often
prepared by incipient wetness inpregnation of
ti t .
32‘?3{?. gglg%tbfomf refgﬁg h{)ﬁﬁllgéedgéﬂétﬁ cgt)%g{ﬁiggﬂaat?lg% %{Hﬁppartlcle
rsextel (egh thspefrsnon) dridemet3pastigigmthitene h@hageneatdy gistributedl on the

WD 2004/ P45767 PCT/ EP2003/ 0128f8
support surtace is an important requirement for effective supported catalysts. In many

instances, particularly with base metal catalysts, highly loaded metal catalysts have
large metal particles (>10 nm) that are clustered in localized areas on the support.
Since catalytic activity of many reactions correlates with the number of available
surface metal sites, it is important to be able to produce catalysts with good metal
dispersion. Uniformity of the distribution of catalytic metal sites is also an important
factor and maximization of the inter-particle distance can help to provide for stable
supported catalysts with reduced sintering problems. Supported metal catalysts are
often prepared by incipient wetness impregnation of solutions containing metal salts,
dried and then calcined to form the oxides. The oxides are then reduced to form the

supported metal catalysts.
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[ 0041 There have been various attenpts in the art to
i nprove the dispersion of active netals deposited on

WO edosmel76Ty i norgani ¢ oxi de supports to produckCT/EP2003/012884

catalysts for use in Fischer-Tropsch processes. In
particul ar there have been various approaches adopted

i he art to reduce the anount or rheni um or_other
é&%ﬁ pefél%e howe Bpen Yasiqus Aldempth T URBTL R T BRvadeigsEson of

52t kel OB PG LORBIOR ORAL v
darrisexty Fischaa<Trdpschayodasseh.r ipagiialdr tBert Bate bezh ahrie@ bon

atons are co-_ deposited with sources of catalytically
approgehesadentedinthe art feradues the pmenrtar thsaivm o1 othes Erovpdd

[ } O Q_RNr e Fi r.- Trgpsch catal ysts.
E{eééé%*e@ﬁgé ir{ %’éﬁ bnrlr%}O?] B?l?}}]t F icgtéglﬁc(%g%bxyl ic acids
i ncl ude various amno acids. [0061 In published
I nt ernati onal Patent plication No. WD 98/47620,

Ee05h o Ay BuldliskedbInterngjione] BatentdinphieaticodNolfOIY/ €18 t h

SR G bR SE v BE i TR Sl o atoms re co
capcativd wedlsbircaebf e TREAY a@Vendal el & AStRlory MRlAbxide
oxi de foll owed by calcination to prepare

EolioredrbyRatnbeation ¢a prapyrstischer TOPch qatabystd. Exhagles of the
ti |, Pat.ent. i cati.on No. WQ 98/47617,
R e e

catalytically active netal onto a refractory netal

oxide 20 followed by calcination to prepare

F0Qsd h e bn fubdisbahntataioyslt Batenf A@@licatloa. VEOHIEMGRO,NUI ng

ne for new nethods for the. preparation of suppgrted

e DA Bp A SUEPE ataibay Coriab et MADPUSer of GHITIOHL egive
nbtd1108 afdl dpBlicE Atk Sdsit r -

I's the?eefag?ée an obj gcst1 cg#&?%%&gl?%s@r?tg ﬁg’r%%@{ 4|;"cgl{r?{gt}]%)elwh onto a
pefoeiagte npetad orsis dslldvord hyhelcimaion ftaptepae RidchstPropsdhadhtalysts.
netal catalysts, which enables the control of netal

di spersion in the catalyst. 30 2 WO 2004/ 045767

T ERR0 008 BUIRY T MENTOR R0 s e

sses 0 e present ‘rnvention it "has be
todapbsitbditvithysoerces of miabgically active metal onto a refractory metal oxide

followed by calcination to prepare Fischer-Tropsch catalysts.

[008] There is a continuing need for new methods for the preparation of supported
metal catalysts, which enable the dispersion of metal in the final catalyst to be

controlled.

[009] Itis therefore an object of the present invention to provide processes for the
manufacture of supported metal catalysts, which enables the control of metal

dispersion in the catalyst.
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specific control over the reagents and the preparative
steps used in the preparation of 5 supported netal

W@ 210al0y65, supported netal catal ysts with i npPCW/ER2003/012884

nmetal dispersion properties nmay be obtained. [011]
Thus in a first aspect the present invention provides
a process for the st which
process conprise gPegakl g S uppdrt havi ng

one or nore organic conplexes of one or nore
catalytically active netals deposited thereon; b)

Hatra]i dh the plecessesasitregpredeat pRentivn indsbeor Qﬁlﬁd@hdﬂby@kermsmg
conpJ. exes g ted thereon; and 15 c) converting the
SR Copbee0 g“érdiwr P EsRtsnddhp DAy 4 aPssae trathe preparation of

s %ﬁé gliergaelf:ctg taﬁ%{saé%g, &k h%étrﬁ?l@ égr%?]'&o% q'gttrhov 4 (]J S 3 5’166?’1 gaésé’??on
bmmeﬁhenuwﬁmuﬂﬁmﬁaie of a catal yst which process

conprises; 20 a) treating a support with a conpound,
or salt, of one or nore catalytically active netals

g R N R M AV R

Wanbfaefiee 6f a eRA1stGaia pobsss BBhsdRl ecur sors deposi ted
25 thereon with one or nore organi c conpounds to form

one or nore organic conplexes, c) partially

d t h co
conve Rt PR iiact BRBSH ArE o5 8 AP oo r i B one of more

or ganb@talgﬁt:aa RAVPhRIAS de é)&)g tdeahatyd.i cal |y active

nmet al 2004/ 045767 PCT/ EP2(503/ 012884 [0131 In

a f ur bhpartislibdetiompnsing thet dre os evwn drgasipendtalpoimpiexeodeposited
treatgent of fhe support wth one or nore catalytic
net al "PrelufEors deposited thereon with one or nore

¢) converting the one or more partially decomposed organic metal complexes

to catalytically active metal.

[012] In asecond aspect the present invention provides a process for the

manufacture of a catalyst which process comprises;

a) treating a support with a compound, or salt, of one or more catalytically
active metals to provide a support with one or more catalytic metal precursors
deposited thereon,

b) treating the support with one or more catalytic metal precursors deposited
thereon with one or more organic compounds to form one or more organic
complexes,

c) partially decomposing the one or more organic complexes; and

d) converting the one or more partially decomposed organic metal complexes

to catalytically active metal.
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or gani ¢ conpounds, the support with one or nore
catal ytic netal precursors deposited thereon nay be

wao bhenned7by treated by cal cination or pyrol ysi SPCT/RPH03/012884

further 5 enbodi nent of this aspect steps a) and b)
may be reversed; the support maybe treated in a first
nds and the

TRt R s dh s B BRraf AP o ds b ef e aupport
LAG S orTRYreRatal iR 3L &S pibdubsofs iNHereSh w}jtﬁ Bt or Hore

one or nore catdlytically active netals to form one or
resganioeayaprunds,dherpippre svithortetve neurp patalytic fretdl prsedrsbis

parti.al, deconposjtion of the qQne or nore 10 organic
ApTEd SEFERITEY %@}egp%k trepteddv 1atign (o Pgelysiseln a further
; i ' f S
i oF ks BRRANAR AL g m b REGRAY (RSB il e
Geeatel @l a dindt stepndie oneesutdrs @rgaivdiohippnsdLand thé SuppBR with one
presence of a source of hydrogen or CO The organic

O BT eI cemprEnds deppsited itharensienay: batreated wish e cgampend, or
| : of th t .
SETRMRSS: 1, L8 SOOI AR p Pl B 55l

ebgdltxes dibtheanpedt) dslidved Byepaktif Ao ostdnlb FI o or HRE8
conpounds, or salts, of one or nore catalytically

SEFANCORRIGICS afdgomiersion orcetaliticaly adiivie metali e gl embodiments
P HHQY e{sﬁed‘[ B c%gvgr&%n tct) ?ﬁ%lﬁczflﬁ%gg{/%ngﬁﬁ Iglgg BIS %:a?lpﬁg out

preparation or Synthesis.

und@tdiRihmgdonditiies eg. RIBE BSerlcebf h BEurbRBLE RS dh Br €00. &he
20 catal yst which conprises; a) treating a porous

ST ongouRdsare prgerabla nitoyges ghntaingig erganio compounds. In the

Lyt ctive net.als..to provide a.porous .
SEBUYIIET o e RSB ThSLo Bited ol oo et pasgp greanic
dempsiride @r tHe@Aent 3 tHIneldr @firk BEnpSOEdS WRRAKL oPbhd1ordEre
or nore catalytic precursors deposited thereon wth

srialyealhbactive mgials may berpmittrdst eithef of thesmengrounds & introduced
|,C. C |l exes c). full econposi ng the one or
?r(tgag% Q{éﬁ%ogﬁ%r@&ﬁargggé%tm&eoﬁ ng?tg%sas ‘thereon; and d)

converting the one or nore fully deconposed organic
metal conplexes to 30 catalytically active nmetal. 4
W34p 0 bup BBl pect Ul IBRA008/p002884 prpeESs forlthmmbmrfadtere of a

di f the third t ' to t tment of
SRS B Sohie 170 aspect prior 1o trea

a) treating a porous support with a compound, or salt, of one or more
catalytically active metals to provide a porous support with one or more
catalytic metal precursors deposited thereon,

b) treating the support with one or more catalytic precursors deposited thereon
with one or more organic compounds to form one or more organic complexes,
c) fully decomposing the one or more organic complexes deposited thereon;
and

d) converting the one or more fully decomposed organic metal complexes to

catalytically active metal.
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with one or nore catalytic nmetal precursors deposited
thereon with one or nore organi c conpounds the

WG poi376i t h one or nore catal ytic netal precPCEHBPR03/012884

deposited thereon may be thermally treated by
calcinations or pyrolysis. In a further 5 enbodi nent

s KGR BRe e s Twrd pifett RBtos o WEdtR oS U support
RPIE oY SARbe c‘é%‘fﬂ%ﬁ%%il ;fé‘%rs%?@d t@ih@&fﬁmeﬂ%ﬁ Ri8R%e oPhore

nore organi c corfpoun eposite ereon may be
targa@compdunds theapparhdith@ne osmlote catdlytivudetal pré@ireors deposited

SRy e SRl e sipgions o viobmealy e
% o
ROl R, e RS e TRl et BT E°

drdatediimarfirs sedp witieond by méke asR@td conli®uBANMEItEE BiHpbR with one

catal ytically active netal may be carried out under

108 dRAIF AERABISTAINoYAds depgsited iharpen wae be freedvith asompewnd, or
. The _qr.gani C ounds are .

P EBRE Tt oIS PR s P SRS B8 e

tdagpldxies On tlRsOpdrt, Tb116e B RFRREoPYRIH FhEbA @ méBSrganic
treatment with one or nore organic 15 conpounds or the

tcopwlersn endgartyersing to catabiiealbmepize metal. bralsethbadiments ofithe

R LG
SR conbitiond eigt & RE BRASRE bPR s@frcS ¥MIBSeA or LOL Ghe bARAnic
fourth aspect the invention provides a process for the

reampPaedsiare prsferebly aragan agysiningtirgmmic oomppdunds a)the third

AoRBT kB8 ol SR bion St he R Pn R 9B AT ofi
denpsliRbriheheMentty it shd of ndle @BRGSINE, §81tO3€ oRE or more

more organic nmetal conpl exes deposited 25 t Rer eon;

aaibéicalboaniioe miatys mag bowaiited iffeitiesr fofiKiege deumipds isdntroduced
r gani c al. ¢ |l exes to catalytically active

g%?fé?l SPP{’%%‘]‘“‘?%&FE‘SP?WWT&W%?%%t h aspects the

separate conversion step nmaybe onmitted if 30 the full

deconposition of the organic conplex is undertaken

UOtdr Inerolirth aspsctwhemsentiongrévitiésya precassfardkamanyfacting of a

conplex,is converted to catalytically active netal
§6§F¥SF h\?%"?’é“@ﬂ?"é%?ﬁ? PCT/ EP2003/ 012884

a) preparing a support having one or more organic complexes of one or more
catalytically active metals deposited thereon;

b) fully decomposing the one or more organic metal complexes deposited
thereon; and

¢) converting the one or more fully decomposed organic metal complexes to

catalytically active metal.

[017] In the third and fourth aspects the separate conversion step may be omitted if
the full decomposition of the organic complex is undertaken under conditions where

the fully decomposed organic complex is converted to catalytically active metal such
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as when the full deconposition is undertaken under
reduci ng conditions e.g. in the presence of a source

w@boohpeironen or CO. [018] In the first and f ouPCTEP2003/012884

aspects of the present invention the first stage of
the 5 process nmay be achi eved by formati on of one or

re orgapi.c,conpl exes. dur,i ng the, mapufacture or .
el R deRbari b ist e den ARderAPA e zRaPgBIONS pcin the
iﬁgéeﬁh@ypésoﬁmﬁ%&eg@[ red to formthe conpl ex
may be incorporatéd into or within the support during

its manufacture or synthesis, with formati on of the
ni oppl ex, .occurring during a, subsequent process
2[@8% e‘.lcldﬁe kst And, ot @snesfs Of Kae-rRssRt inyentiqndhe Arst sigge of the
[ t] t X n.a fifth
OB e e RSty M TR B B o e b PR g the

aoapifactire@r oyretheis ofiths eippait alaydriat.alitymagtdly heTBdidldsal
deposited on one or npre support materials wherein

tI0EPOBERF roavirgd tafospdhessasplman b sicomeraieding ehwithin the

] ' t . a trongl v ,chem sor be
D e e R T R S
giceati@g durih@2Qfibseuent ploséds saPREE suH astth@nidl 888Rkent of such a
invention there is provided a catal yst precursor

SYHRATE Bicppporatingdhaseonenpacaispport material and at | east
one source of one or nore catalytically active netals
deposited on the support material, wherein the source

q0190 10 R ashBdt eheidlédtiohiatd|proviasd fo¥ & ARl BnlppisilB®ne or
deconposition product of one or nore netal contal ning

GReashiehtionthr wiias merfedepasisidyat onsrar cuers suppudymiterials wherein

e t n_Lnterpediate in,the processes of an
SER AR PhesrehiS P B epL e B e e o -
isEreRETY icBemmbiRA chidBorddit b E tdAIThétal diSREGHPRI0Y S orBiter.
the organic conplex. The catal yst precursor of this

aspect of the invention is distinct fromthe catalytic

| (precursors of the.second,and third aspects of
A B R A rer it AR G PROIod B mghsor
tcBipeising ReTehst onb SuGRkEhMEHA A8 hleaf0BE YR o R TE dfte
the formation of t'he catalyst precursor. [ozfﬁ I na
setabiticallaantive metdle dgposisesin thae vepportomatpridy whersinf the s@urce of

process for .the . 30.production of C5+ |iqui

R85 r Sl FRlwAct B 615 P Ge B I ABRGE gbome or more
YIS RIami@Srehic ¢OMbREEs. Ofhel ARIRAbRCHRS: Ay bEASL

condi ti onsﬂgilvi tg?ﬂa catal yst, eWheryzsi R & VD %%%4%%@2@5 m
ROFMEFR2OO B (he p8B4sses of any one of the first to fourth aspects of the present
invention after the full or partial decomposition of the organic complex. The catalyst
precursor of this aspect of the invention is distinct from the catalytic metal precursors

of the second and third aspects of the present invention; in each case in the second

and third aspects the catalytic metal precursor precedes the formation of the catalyst

precursor.

[021] In a seventh aspect the present invention provides for a process for the
production of Cs+ liquid hydrocarbons from a hydrogen and carbon monoxide

synthesis gas by contact of the said gas at reaction conditions with a catalyst, wherein
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the catalyst is manufactured according to the first,
second, third or fourth aspects of the present

WO poogi#i7en or i s a catal yst according to the fPET/RPIN3/012884

si xth aspect of the present invention. 5 [022] In an
ei ghth aspect of the present invention there 'S
or t vaI of fur roma
S e g Bivatdiie e oo dirsG g Bteets of
ﬁféepr@sfenﬂﬁﬁfﬁqtﬁ)‘ﬂ'cfr%a SaRYRiaBLdgin g%‘ﬁﬁ or §1)ﬁh JeElof the
method the m xture is contacte one or re
neesentiimtesticmnpri si ng active netal dispersed on an
i norgani ¢ support and prepared using a process
according to the first, second, third or fourth 10
ARRPCiSardl
acc g rdi arlrg 1?1&@%?11% fl ft ﬁp%ergé(@ Plfl(‘t 3‘2%‘5 get g%%&;l#%ea IB?%I%% ﬁgr the
remwesat dDenlfutifidera mixtive comgiiting0ge bh@bresstbiie corfipounds and
adsorbed onto the material ~conprising active mnetal
BRSPePQE U coRtainBg gempeunssiporhich mefhiod thamixgure is contacted
| the ondi t.i ons .
SEOb B Plore Bnch i o RRSL abfF i B SR ARG bt
suppattrmd prdparcifieingbgeaess &cortises thy ﬁfs@ Gefondl®ildRr Eurth
DESCRI PTI ON OF THE DRAW NGS [ 023] The present
rSpeets Of Bis Dfsent ipgentien toea mptertal secordingip the fiftheon sixth @pect of

{hlgg) %ﬁﬂh{f&}%ﬁn %%%1[ §%((1:}8 @Ftﬁlag%ggt% np%g] (H‘RO ? z]qenal

Eorgprisishastive ancti) artpa@@d 6n PREDTERACH p?m A tetferdaréﬁ%atmem
of Exanple 7 heated in air at 4 deg/m
of this agpegh i ghare tetcondisipseslested; ané the noeua@pedmpas @rr Sulfur

[ es_ 7 [026] Fig. 3 shows
fﬁh%&gmﬁred?ﬁ%%¥“$639%?%Fd$3%°§m§upported net al
catalyst (0.5 w % Ru/Si 02) prepared using
i mpregnation of the netal vvlth triethanol amne and 30
dryi ng at 10d@RLcl DESNRERIIO AEORAMPENGS/ 012884
[027] Fig. 4 shows an air treatnent TGA plot for a
supported netal catalyst (0.5 w % Ru/Si02) prepared

mgp gThereQaN Bive@brokilt e et @ldewidda By e R ORE Y ARG i1ed

Description of the Invention when taken together with the attached drawings

wherein:

[024] Fig.1 shows a quadrapole mass spectrum of the product of Example 7 heated

in air at 4 deg/min,

[025] Fig. 2 shows the transmission infra-red spectra of silica and Examples 7, 9
and 14,

[026] Fig. 3 shows an air treatment TGA plot for a supported metal catalyst (0.5
wt% Ru/Si0;) prepared using impregnation of the metal with triethanolamine and
drying at 100° C,
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calcination at 300 C, 5 [028] Fig. 5 shows a hydrogen
treatnment TGA plot for a supported netal catal yst

W@ Q008/0¥#766 Ru/ Si 02) prepared using i npregnati onPCI/EP1963/012884

metal with triethanol am ne and calcination at 300 C
[029] Fig. 6 (a) shows a TEM m'crograph of the
cat al ¥st of Exanple 21 show n% particles on

{Re] zF e Asheys %%ﬁﬁff§§@3§h§§&H 9t fom ﬁ@poéaql metﬁéeatétysta(p 5
3% 58 oA 8RRk bl 3R Tt an

pﬂbi&la@d,reamo*’che Zr02/ Ti 2 (anatase support) after
post-treatnment of the dried 15 inpregnate with

di met hyl et hanol ani ne, 350 C cal ci nation and reduction,

h h | SI NB
13l B shiv i RiGabe ude o T Rt £374 TP ReBL st
0.5 G /SO0 e o 03l ony Ol WA LSSt

amdeaétlnatanag3ﬂ®l°ecl ocation of Co and Ti, [033] Fig. 9
shows the catalytic activity in CO conversion for the
catal ysts of Exanple 28 (11% o, | %e/Ti02 (rutile)),

%%Kpi:% 84a)(shdWER TEM ;‘rﬁc/t%%%gﬂ_'ogxe%gtag%s%gf Ig:o ]Plé!\,‘ZI Bhowing

post - treat ment) and JRe on
Bie@Ro prtities EﬁEﬂquZ’tOQGT 102 i(amtase plipdht) Fif@r cdléinstivave 350%C and

shows a TEM ni crograph of the catal yst of Exanple 24

G\W‘H’g the Co particles on the support along with a

hi st ogram show ng the particle 30 size distribution

for the Co netal on the support, and 8 WD 2004/ 045767

301 EPRO635)kh3®84 THNM 3Btroktegh of theshanilwst bfExahgle 22 showing
treatment TGA plots for a variety of sug ported net al

@PG‘-’&WC&@S@MW ZMT@ (w’f%eﬁmpﬁ%ﬁﬁtr/mab @atm?nt offthedried
10Q_C. af mat
D SRrae Do adn il e Gt ARG e Toauetton,

I NVENTI ON [ 036] The various processes of the present
i nvention have been found to be effective in
p3ddiuEigng smmpthmr@dltsref abIMS endlysis of the catalystod Bxemples22,

ﬂfusgaetmg the ioc %nsoto (5]0 Ti and Zr,

[032] Fig. 8 shows the results of a SIMS analysis of the catalyst of Example 28,

illustrating the location of Co and Ti,

[033] Fig. 9 shows the catalytic activity in CO conversion for the catalysts of
Example 28 (11%Co, 1%Re/Ti0; (rutile)), Example 24 (11%Co, 0.15%Re/Ti0O,
(rutile), with MDEA post-treatment) and Example 29 (9.9%Co-1.3%Re on SiO, with
TEA in solution),

[034] Fig. 10 shows the shows a TEM micrograph of the catalyst of Example 24
showing the Co particles on the support along with a histogram showing the particle

size distribution for the Co metal on the support, and
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and distribution of the catalytically active netal in

the final catalyst. An inportant 10 feature of the
wpe@ensyes of the present invention is the sel PCI/EP200D612884

the conponents wused in the preparation of the

supported netal catalysts and the sequence of process

stggs used in arriVvi nag[ at the final cataly

U8rboliet | brhowsaaeyir fradtarent Bspadets fera Yaﬁ’@typ?féél@?ﬂrted metal

BB ARELAE(RE GCGO5 S TR Ryl HAE B0 &3t
preparation of ‘the

ﬁaﬁlaﬂl@fﬁéﬁhea}g@ﬁl@ combhsi al s may be refractory

i norgani c oxi des and may be selected froma w de

variety of porous and non-porous support materr al s

wel I kno = =

I|mtedmr!%iiilé|&—ﬂ 5 ' -

alumna, all forns of S|I|ca al | forrrs of T| 02 (both

anatase and rutile or m xtures thereof), Zr02,
[36] vBhehrioas bgessed 0 tb@prezﬁlt mentldehawvd@neﬁrrmmt@hc de,

d d | a d
et R ToRone HRGl SR YTeoat SHBPet gron fiedsion
ARt cﬁﬁth@ﬁt?on JfhBe @ﬁﬁ?ﬁcaﬂ?tah'ﬁ@e BEtal fnhBe BHARAysMBAR ithFbriant

used Wi Il depend onh thé proposed use of the catalyst.
featuad of thappeedsss affth¢ pesqrt @sention imkasdlestion o€ thewstmponents

ferred S are anor phous orts.
Bl sy D of e e B LA OrIa B scqppssyof rocess
ﬁ QbR Hrivid %%P{h*e%n%%ﬂi’eﬁyé'cB&pgsﬁuéWDf phous silica. In

lation to the seventh asSpect of the present
| nvention one preferred support is a titanium oxide

upport m)dlflfijvmth zi.rconiumdi oxi de. A further
@331?31%1 I gspeter i iBePEap SrHealiohibgiprocestse E13y Wizt ﬁ@“de variety
o 1ﬁ Qltnc S IhQLQHQE th éé}gﬁon %ngﬁtﬁﬁlstgs’@ﬁ&'e%ﬁté/nals may be
supp rts Vi Nng nesopor e nmacr opor es“and m xt ures

tefractonf mo@@mk(aﬁﬁijes B mhyl be p&leq]leﬂsﬁSmaf widh &anee S)épbrous and
i nvention, the ternms "pacropores” and rreso%or es"

PROSPPTYES FURBOTE g@éﬁf@&rwﬂé%nqw rnl}h% athniese mgRide buyaye not limited
{0 Bms Z%hiulﬂﬂﬁe eci e;)@ %é% gﬁ fﬁ’&{g &P%%Q%P %f
as pores ose d I'S above nm ( macr opore
queotﬁiaamteieezrndrratﬂfe fod MiRturdsitierestyl 20, tigaed oqrbmes)hcon

[039] In all aspects of the present invention the

PSS RagRss X leBng Ofldgand F’é‘%‘éﬁr mptahxEdes. a'rfh%mma%may
lgé){ ﬁeﬁmaﬁoﬂ of ﬁl%th CofHvo ot o&é &f ‘Jhleé‘eem 188, "f’He etxé.st nature of
nol ecul ar si1eves Yer e may be nentloned silicates

thk yappoishhtedaitiged wﬁl tepend ph asirap@sd use of the catalyst. In all

si li coal um nophosphat es, netal | oal um nophosphat es,
#pees phthe present invention the most preferred supports are amorphous supports.

Particularly preferred supports are silica supports especially supports comprising
amorphous silica. In relation to the seventh aspect of the present invention one
preferred support is a titanium oxide support modified with zirconium dioxide. A
further class of preferred supports in all aspects of the present invention are porous

supports especially supports having mesopores, macropores and mixtures thereof.

[038] For the purposes of the present invention, the terms "macropores" and

"mesopores" are used as they are defined in Pure Appl. Chem., 45 (1976), 79, namely
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al um nophosphosilicates, or a stannosilicates. The
preferred nol ecul ar sieve as catal yst support wll

waleends7on t he chosen application such as for BXEEP1083/012884

10 separations, catalytic applications, and conbi ned
reacti on and separation applications. These are many

known ways to tailor the pro&éﬁrtl es of the nol ecul ar
SAsdpEss whoss digighes isaboye P anumeacrgnsees) enwheseaiiameter is from 2

change, and activation procedures.
epr @%é%bﬁglvgﬂgi pl es are nol ecul ar sieves/zeolites

of the structure types AFl, AEL, BEA, CHA, EUO FAU,
FER, KFI, LTA, LTL, MAZ, 15 MOR, MEL, MIW OFF, TON
a[ﬁa9]|vFIn allgeppstseif tlnﬂwlersaemtrmventncanl the wikiplost mayt bdaaamngecular sieve

SELRRe R ot RORLS Wl PP R by g e
&ﬁ@@ &ﬁdy%trhe%loﬂ&i Ql&ba{t&; hRelideieiaHs mﬁﬁin%gh@é ﬁate 040]
One cl ass of nolecul ar sieve nateri al e used

&ﬂl@&hailymhosﬂpm;mstallnalummoahbsphstpeamesaltn‘- t he present
ventl on r ose rmterl | s thﬁ‘} rrg% b [leSJ zed
L P N e s

X8R ot Lt

Pat en% g%g %ﬁ gg E!2}%20% t%l ﬁgﬁo\ﬁhagﬁpep lggaﬂén&tegq%r&m#l chear e

Isepazityons; catdytjpoapatieationy, andfcombited redek amphdsepafation

B R e o B R e e ot

v 7
e e e
detiGitioslpaocedunds. FR efBedentdniyve M(ampiﬁwire wsoleunthr Mes egporolites of the
99), 131-49 mat eri al s_incl ude

I
TS heyieseHl: AT BTty CHA B oy B R e R o Ao LEBAMAL,

G t &1 @gﬂ;a sS4

rrl\gg grl aﬁ& esi gbrliaf egmas (%mfngl nh%%hlgge}fg nﬁ%@h&l@mt brF)mg

Snxeizeal&ie%b/&‘ﬂa@umﬂl@ rEEMed to m&hehteﬁitlsre de suohn addithissrMeill be

&J@ g@n 31‘2@& ate) such as MSU-S and MSU- X, materials
i the S RomPeles topBFiudasish maggrigfes,

mat erl al s designated as FMVS or functionali zed

nonol ayers on nesoporous 10 WD 2004/ 045767

PC0] ERR QMO 3 PB8 culatifipas inatefipltharahBr bealssd d@édtﬂ?éﬂsﬁﬂ)orts in
f APM or_  Acid Prepared Mesostructure. Particularly
pHeprscisf ﬂaf‘rlgf@%eét JvERiqRoATe msgma@élﬁéhm@rbeaﬁygtmmzed using

taHigagg)o 1 %Sc% cishc}% dn%k 1%%?468’[50 FExgmﬁfys P g'uclhI

ous € mat %rel\/nl
Descsibed ireld. Sl\/Ehﬂeﬂt]I\Io MCMAER2, ﬂi&divﬂ\zﬁEM:cﬁ@entsT (ﬁaﬁﬁcﬁfﬁf&%&@b@r

?rllc%\r/;?osratgé l?y 9e%esrg£cleb %ialmgles of amphiphilic compounds are also provided in
Winsor, Chemical Reviews, 68(1), 1968. Other suitable molecular sieve materials of
this type are also described in “Review of Ordered Mesoporous Materials”, U. Ciesla
and F. Schuth, Microporous and Mesoporous Materials, 27, (1999), 131-49. Such
materials include but are not limited to materials designated as SBA (Santa Barbara)
such as SBA-2, SBA-15 and SBA-16, materials designated as FSM (Folding Sheet
Mechanism) such as FSM-16 and KSW-2, materials designated as MSU (Michigan
State) such as MSU-S and MSU-X, materials designated as TMS or Transition Metal

Sieves, materials designated as FMMS or functionalized monolayers on mesoporous
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5 detail in US Pat. No. 5,6098,684 (Kresge et al) and
U.S. Patent No. 5,102,643 to Kresge et al., both of

wawkiogh4ssE | ncor porated herein by reference i nP€TEP2003/012884

entirety. A particularly suitable sub-class of this
famly of materials for use in the present invention
are the nesopqrous silicas designated as MCM 41 and

MEPPas angrnpterals designated asudRviof AsidPrepaied Mesdsthasura,

. of unifornly sized 10. .
VPRSP ERISRIR ol Do 4o uRRRRL B8
deiti@itd orl alurkiobilio28 m&%roﬁ%o%ﬂh&i%ﬁgﬁ%ﬁ%&&ms M41S

are hereby incorporated by reference. /
nch e MM stle MEEMHARs @nd ME 290N These molcanlar sieves anhéscribed in

SIS SIS B s L e 0 o
OKRBESS: al 9Ih 0BARich@rdBorFBl ARG Ain Bl ?é&@énwﬁttg&wntﬁ&y. A

used in all aspects of thé present ihvention 1
i pretievdisly sugsldle woh-elesd efithisifeuidy ofimsiegatfadisesn WMerésent

) ) 5,. 9, 10, .MCM 14,
NEFSian ST PRS0 HEES G T b R MEGM 48, MOM-
SO PRt ORI Bl FE k& 'cﬁldflﬁa athefa oﬂal%lnjangéﬂ&‘f bp ur%forHTg sized

present invention are the ordered nesSoporous S
Thesoposs. M etlmedeargesied mabriaeaepeseibed $i Hétsiam @86 098

t desi gnhat ed 41. [042] Further exanples of
85 e MRSl Sl Heampy ieomseeied hy Fefirepeo CRsMMEM-
b v.eatd r |ljcas..as.
A 510,021 okt SRR e 1 blef G s
Rexeagertthaxiol 005954 pré2ably breatdt dah S0y @dahostbicttably gx?éliter than
ipcorporated herein by reference in its entirety. In
ERSTE N R A (L B
| bl & HEE [ n I -
B R A as NGB PN R L TR
POCvey MANM9e MG M G, M@EMe B, MOIMe2X) ahy MTM-44.043]  Hi gh
surface area mesoporous alunmina solids may be also be
used in 30 preparing the catal yst supports for use in

gb 1P11%e g?&?ﬁec%rdle@ﬁ n?é's&gﬁgﬁs r!th\éﬁﬁ% 9 2115}31211; a E%spg{;tg ggwg d

urtface area nesoporous um na Sol |l

peesentdhveptibn atdthe dideW¥Q eI 604516 7asPOhHe R0 B 8B dered
met hods described in U S. Patent No. 6,238, 701, the

dRESEPYSL BliGse aygthese designpted o WEMtdd herein in its
entirety. [044] The support may consi st of nmacroporous
materials or materials that are both

[042] Further examples of mesoporous materials that may be used in the processes
of the present invention are the mesoporous silicas as described in and prepared
according to United States Patent No. 5,951,962, the disclosure of which is
incorporated herein by reference in its entirety. In this reference mesoporous silica is
prepared by converting a silica precursor in a water and polymer dispersion

containing reaction medium. The preferred polymer dispersion is a cationic polymer.

[043] High surface area mesoporous alumina solids may be also be used in
preparing the catalyst supports for use in the processes of the present invention; such

high surface area mesoporous alumina solids may be prepared according to the

11
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5 macroporous and nesoporous, such as those descri bed
in US. Patent Nos. 5,936,126, 6,248,924 and 6,

wQ@h4045761 he di scl osures of which are i ncor poreCEEP2003/012884

herein by reference in their entirety. [045] One or
nore of the support materials may be of m xed porosity

an y, be.. 10 in addition to other support
B Plesibed in HES & aisnt Rl 6 ae2apb eadinriosnae bopbicbis
{ﬁ@?&rg@ggggeﬁ{%-gfmm& d porosity may possess
mesopores in additiron to their macropores. Exanples

of such material are described in U S. Patent No. 6,

%4% 9 i’? and 6, 284, 917, the disclosures of which are
il J&¢e shRRoriere consisy of mperpperens materinlsior matertals thatyare both

I C of £h resent inventi t he
Frece R oo BcsaBIBE KR Gt AF R RBR in Y Brientiles SD36.10,
Bc24i3\pa4 rrd 8] 334081T0MmE UREio8ired SBwWEYA hRGASHbraRA%eRin BP' ©
support.  materials. The catalyst in these enboglnen S
F@gWP@@ﬂdhﬂ&§§€@Yinorganic bi nder. The supports wth
or without active netal deposited thereon may be
shaped into a wide variety of 20 particle sizes.

Eampr @leYor BRRAKT 1hE supdet MAEkie hﬁ? é)g 3? nﬁfﬁiﬁrgﬁgu%lﬁ rngggl be

of a powder, a granule, or a no pro
apeddnpdditian éo other gppd ntatalats thitdmve eitlier ahesoporeOor 1a&SGpores.

E{gr%ﬁg a12 shdng%/I er) screen and be retained on a

4007 nBEH T T B POFEUN MAyPoSTEtBESARRERdn afditientodhsist

infacFIRbAS e xSt FSubl n@idi sk QBscribOEifER. P&teﬁﬁ%&gsd 298,924
[Ty d and then extr uded.

before drying or partia drie

pRd 60,1284 9 Bhthedlisdoruseswadmihietsare ktcotwiraed Bareiarbyfrofend@in their
aitdst may be used in the extrusion or form ng process
al'6Rg" with one or nore solvents. [047] In all aspects

of the present invention the support material with one

or nore active netals deposited thereon may be forned
[M6d bosthogediesf thiephestmdngmribe tHel Mhe catal3st My dBREEE s6lely of
mat erial s that ar e resistant to_the tenperatures and
SRHE UG AGHYS 'R siepPdipd @nithe suREcesAfamg oF Bopt Bwees awterials.
TRy b Lal Y rhd 2, YO
oo o s Rl BRI S e O BB ln iR e Suppie
With wawiitboutactivermeta degosited bErebh enalyibeahapedtialolstide Shiedty of

mat.erials . include active and inactive materials and
%%?elﬁéFF% Gsne th/ §PERKNE. Bredariicissgan bl the forasof a powder, a

granule, or a molded product, such as an extrudate having particle size sufficient to
pass through a 2 mesh (Tyler) screen and be retained on a 400 mesh (Tyler) screen. In
cases where the catalyst is molded, such as by extrusion, the can be extruded before
drying or partially dried and then extruded. In these embodiments various extrusion
or forming aids may be used in the extrusion or forming process along with one or

more solvents.

[047] In all aspects of the present invention the support material with one or more
active metals deposited thereon may be formed into composites with inorganic binder
or matrix materials that are resistant to the temperatures and other conditions

employed in the catalytic processes envisaged for the catalyst. Such materials may

12



10

15

20

25

30

wel | as inorganic materials such as clays and/or
oxi des such as alumna, silica or silica-alum na. The

wo adoes570my be either naturally occurring or iPCT/BP2003/012884

formof 5 gelatinous precipitates or gels including
m xtures of silica and netal oxides. Use of a
material in conjunction with the zeolite, i.e.
absapidiadhe femetipn hndmaprfecestof ther fimeg catab/st Spoh hesdrls
|ve change t he

f |
S i i e et o Sy e P ustaiis P peaues as
Rliak 'ui%lrgarff@if‘la%als%@ﬁ %e?s%%ﬂog Bgln SQ&M% la}fm%ma silica or

occurring clays, e.g
|sﬂqgafahm1nhél“}mrlan$d1_maymm1hr wefuratieodddirdeg @l iy slie fonder

P BT PEreiERTs g8t IR ip BB 10y Hic FHbmSiahpes. Use ofa
Cr‘r%rt@fa'l f fﬁﬁﬁoﬁ) WithRhé~ ?ﬁeak Yl &&%lhgd ﬂl%{‘é\’%gl @%\%@%ﬁ g its

be formed Tnto a conposition tonprisin

sytthesisaivhich 1B;Eifum28al§rﬂicmﬂygﬂu&lma}t ¢ha@be ﬂ}'é chivensibg hild/or
pr.ef er abl ¥ from99:01 to 10: 90, nore preferably from

Q@ewﬂf/@f hepatgdyst hesemateripls Wé/rbébmprp@r@t@dglgo oaturagly

st I
1pihe 2 L0 beBURRE R LT Sl TRl o e s
Icﬁpltysttumdar ¢onmhefenl by@hited doyditiess and fabtialasBindérPbr thireices
conbpi ned wei ght of catalyst support and matri x

ﬁ%rt%fi ?aéalysti ‘Hessgupport caryprifing pnejor mm%catammmhmtye Inesgals may

9 bly.l ess.than 2
O B it HooBo B @b Gy o PPl {rastBem oq.01
1003M Yo pn@ight) prefBBSly frdth €081 16 d0-00Daek FREfkrab85F0rh 0910130
wt % Formation of the COEFOSItIOﬂ maybe 20 achi eved by

208 0cmndiraorh praferably frome PYUAT S Hid0 |qam@yst sippartiematixxmaterial.
. t I nt.o
PRABHDE P LR R BE B Bal B S e Rt

aadis0ivarna lof trt doibingatvedi bl lof | b@caﬁ@t%?ﬁ&{ MBmaixi MatBrial, ideally
material of mxed porosity i.e macr opor ous and

HES B9B A0 8 %0, Praserrbly dess étnas;l 39rwifh,eate pmf@gbb/yemlyammm

hi t. 50%
BREe ey |Ea S RO el Gt T8
?fe@é‘r@d&aﬁibédfrﬁéﬁﬂl@b il 550t%. OF&RRKbn %@ﬂﬁr&@nipesﬁaﬁ blagwkar

rom about 15 to about 25% of the pore volune i§
p@versd by gonventiopd messanh ingludipgponiéing it aterials .tqgetmefouowed by

SRRt DA o it PR e b o by
@@ﬁ%na?ﬁl%miﬁ‘ﬁﬁ@nﬂﬁ@ﬁ&%ﬁﬁbbbug bP P AR Al F rﬁ&e@ﬁ)&%lty%%/ both

and in particular fromabout 75 to about 85%
posiepoions Al mQSCfp@rQ‘rEdT hfyrnaenade sbporedponeitiy rmgpy(hap@ B pore

ARG ueh ST B8 el o et L BTG oeubi © abou
45%, more preferably from about 10 to about 30 and in particular from about 15 to
about 25%, of the pore volume is formed by macropores having pore diameters in the
range from about 50 nm to about 10,000 nm and from about 50 to about 95%,
preferably from about 55 to about 90%, more preferably from about 70 to about 90%
and in particular from about 75 to about 85%, of the pore volume is formed by
mesopores having a pore diameter of from about 2 to about 50 nm where in each case

the sum of the pore volumes adds up to 100%.
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13 WO 2004/ 045767 PCT/ EP2003/012884 [048] In all
aspects of the present invention the processes may be

was@d/ 043967 manuf act ure catal ysts that are suit abCBEPIN3/012884

conducti ng carbon nonoxi de hydrogenation reactions
especi al |y Fischer-Tropsch reactions. In these

enbodi nents 5 a wide variety of support materials may
be utilized such as those described above. Preferred

re titanium bot ase
S0 Ll b ARAE) B Bt
Mxfuficesre@htalystsaRit4pe shianledsr @ﬁﬁu&iﬂg%moﬂ%&ioggi
Supports_conprising mxtures of titanium dioxide and

Zveegsnatiandieastione emeeiallpFistlorTrdpsch meemtlmseﬁeﬁheﬂadsmbodlments
st .washed .to

SR A o orort ety e he ey wih 3 ihdes serebedhove,
| Brefehted shpporea et fd aﬁ@'tft&h@n%@d)ﬁ&é gmtlf){_li%%se zhd ﬁﬁmgﬁﬂca

di oxi de precursor such as Zr((
drlicecﬁllanmacdummaseahd mlrxturcsrqﬁtitztmuri{rdﬁkﬁdld'e R zsmpmohi dloﬂihe
naI ort m i.se up.to 50 wt, % _zirconjum
tlslzre?E{)

“8%2?‘6%° IRy fitagiussdigide and zigcogiuam dioxisle\are p
tReféRed In% pr‘éf@%‘%d efﬁ‘BB&ﬁn{%E{sﬂch@ hiaiYm ?ﬁpcgé.u% 1% glr%&vvet{ﬁ@% gnsure

nost preferably within the range o _
dhatzi is suprtantially oldodée fresad! io thdnhﬁlpte!gihaﬂed wethghsolidfontofie
su art...In_addition to the gzsfrt addi ti onal

R HiexigP Bresiarugh é%jz’é,Q(Np B potiengiied and caloined
@%I{ﬂt%%o ﬂﬂ@zf RP ha n| um P?%él?]a&ﬁ%“%%g nlsa(%‘nw{%

rheni um rufheniu

chranimndiotileprefeably upap 36 wits, enordpRAstblo ubas Ry wt %, even
preferred pro modifier is rheni um which

&P Breferap m)éﬁtwtp/r apbmostageigiabhnyiteialts mags ofD.bto 5 wt %
o §1r&91119rﬁ??+ﬂ§et baf'ggd &4 thg%&?ﬁ\k/él R{]qu{l? %\8} oﬁn?n idétfncg{ tggpel

catalyticall'y active net pecra and

whigproroavielitiinat éesygonents atesofied veebalch as Primidters "oh fhodifiers.
tion_stage the rheniumassists in ensuring

|
g’a%fgflfrcﬁ%?m@%%ﬂ tspeh W@ﬁﬁly aff 19 pRipEe fthepdurnt hadhive, pe¢qméum,

hi ghl
ttl?ds?rl)lieﬂrlse 5%5?1{3% Igﬁro O%ﬁ to%@@r' % e}?ﬁ!‘{l@lﬁ&l‘i}?}ﬁ%{@fﬂ@?ﬂ]‘eo\{noter or

mivelnfiiarnis fenins vtieh &l ifpoftat @togetibd@utifg cAtinkth of the
cobialt oxide to its zero 25 valence state, which is

crialyRpdter daposttipniaf g grese maye cafelatieally athmrnstampecmlly and

RRET T ARERe SEinkels f R Db N Fp e

claemalny agsists @ dnbaing thatitBe edba@X Tgﬁly\(ﬁsﬂ%@ h@lt also helps to
Therefore, there exists a need means to achi eve

BEsSerVe BisAobalipside s in A highbsdispeases sjate. sAvihithes bemfit is that
tHenSAIR bR tﬁeegﬁ'r%leﬁglre of reduction of the cobalt oxide to its zero

valence state, which is its most catalytically active state; in this way rhenium makes it
easier to more fully reduce the cobalt. One problem with the use of thenium in these
catalysts is that it is an expensive material. Therefore, there exists a need for means
to achieve good cobalt dispersion in these catalysts whilst at the same time reducing
or eliminating the amount of rhenium needed to achieve full activity of the catalyst. It
has been found that if the processes of the present invention according to the first,

second, third or fourth aspects are used it is possible to manufacture Fischer-Tropsch
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or elimnating the anmbunt of rhenium needed to achieve
full activity of the catalyst. It 30 has been found

wao bai/0s¥761 he processes of the present inventi oPCT/EP2003/012884

according to the first, second, third or fourth

aspects are used it is possible to manufacture

Fi scher-Tropsch 14 WD 2004/ 045767 PCT/ EP2003/ 012884
aiX Sfaswigh \%P%C@@B dispetstontusiniggpdicsil emousts §rheatiur erl/or to

t hi of
D% Fghle DAL PIARE kB, SRS P e
tm@cesﬁﬁ&deté fan8RGtukOa FROMr-AGSPCR cialy R"st51§ Ii’k?ﬁccgfdéﬁ&cvblth the first
catalyst is in accordance with the rst aspect

taﬁéﬂ% pEthe @resrﬂnwémntl@n thelmgamg ewtiplex gnfolrasd ﬁemfamemedlore

%?gﬁ%ﬁt} %al rtﬁléc?rg lgh‘%@%ﬁ élgr\lltgp@c%lpfpgﬁrqgs otﬂer than
tthﬁb‘é%oﬁt@ﬁﬁ@g CHrBk ytid %Qi‘a)ﬁﬁlldtﬁnﬁﬁy dudiRGhiips alild %uﬁb’tﬁ@ nﬂiso gen

am no acids. Suitable nitrogen® contalning compounds
icataindes ecomprwdainclisls enitsds Dedcobed Beown Al aneiteaiativieto

ohal t ition t aIt ot her
CgP%%f%lPéQF‘f%’yné%f@ﬁgt Oﬁ%%raﬁ@gﬂﬁ%)‘ Yrstiye Bitalymaybe peediing
t
FRaRE Al R SR oBeh ibn LD U RURIEOAED P e catetvss
amf thefpeseusimveadion dfe Soluse asly Epﬂteh’[h:@isah yﬁh],ysﬂ; the titadi@flipPort
ort.. wth or_ without zirconi ym di oxi de nay be used

BrioiheRt Faseni okis TRy beaed In somblaptio WA s morganic
%Ilﬂﬂé} §h o8 ahingifa %‘ﬂm@o’fhﬁﬁtﬁ%s Q2 ﬁt m A% &R SLh ;& me(l)cﬂ{nent
this embodi nent IS wthin € scope of 't

mnv emtﬂmroﬂneisoo}feo]f ithd jresent gaanttonao rf@hmhe@mgatnﬁteconﬁﬂém the
[ wi t hout bi nder and before n xing

cat al S r
B GRa BTHTRO bhS. GO A ERh B oFRRE BHBRBRINGRF O to
§

Elgt%leg’l:éa és)cﬁﬁc éd?n&ﬁg)gb hié sﬁgﬁgr{e 1&21991%%’(8{%\”% Sng%rq'?&re binder

nrerals. on the processes may be used to manufacture

catal ysts that are suitable for the renoval of

or ganosul fur contam nants 20 from hydrocarbon ]
a ion.may be

Bl R 8 oo i T3P AR i

ﬁpiﬁufaemré cavatysis thydsreeaitdbdifos tHegafovalbfet&Rosulfir contaminants

ications the level of netal dispersion in the
%@%?Car@naﬂr@amﬁ i €8 catalptioe! tha present ivfentien maxhe ysedgh the

LRl TN, 0E 04 il SREFLSs b o s

apiil vhyeissherbyebef mdthlalispRebidyinubd Sfalifies PEDERS BRFor &Pthe
according to the first, second, third and fourth

5 %célé/pge%pf {hqézaﬁ}}@g@ﬁpmpmg Hhej S@&fur gecies. It has been found that

highly effective sulfur adsorption catalysts may be obtained by using the processes

according to the first, second, third and fourth aspects of the present invention. By
using these processes it has been possible to highly disperse metals with sulfur
adsorption activity on suitable supports. In these embodiments of the present
invention a wide variety of support materials may be utilized such as those described
above. A preferred support material is silica. In addition a wide variety of active
metals suitable for sulfur treatment catalysts may be used; the preferred active metal

is nickel. In these embodiments although the catalyst may be prepared according to
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usi ng these processes it has been possible to highly
di sperse netals with sul fur adsorption activity on

WG piotakd7e7 supports. In these enbodi nents of thRCPERXE3012884

invention a wide variety of support materials nmay be
utilized such as those described above. A preferred
support material is silica. In addition a wide variety
fk‘l* © &gt sesomb thed on fourly pspabl of thopresapt inyentianaibismeefierred that the

th f d t
CAR 3 RalPrlerRa 4RERaint A5 B TR0 A6t oF e el Puentioy A
berefii@papplicaties & the fghdval subfir WO 2RRA: 8 to in tl%le art as Sulfur
PCT/ EP2003/ 012884 the first, second, third or urtsh

a"EIE@et of the present |nvent| onit is preferred that
the catalyst is manufactured according to the fourth
aspect of the present invention. A preferred

6{I()E‘)] CR1I0Rpécts $fBe HRERY ?vg?#i‘#l{ e p%d%e?se?él%ﬁgéesﬁ final catalyst

referred toin the art a

dbplaomprisés ¢rveorpuas ecttveimeatals depusittdien procEasRSuppatiatrials.
a, fi.nal cata$¥st tp conprises gne or nore active

e afS VaESh F dchide Big ApPE hishdn &l aﬁ@ﬁs ofHhtedrrpsgnkinvention.
W hb el o?taé’tn%f mA@8Lis YSpeMBER R t@%t&? dogtfgeeﬁngfl catalyst and

aspects of the present 1 nvent

auth verretetials besveda petn@&nétakhhdtdaalysﬂﬁ@mﬁ@d'elll %Bowh id 1he art. In
final caefa yst and 10 such correl ati ons between active
itk 35Pect ot the Praserd anvyeaton examiples ofiagivamptalstthet raytbe ysad

thlzlué'esplﬁ%fé]il&fhré] iR B Bﬁes gﬂtnoferb\clﬁﬂé fo?l w? ag}%ct)upa}, géWBP IA) such

active net e use
| ais il t Ml ot K Gn&xp(ﬂf(GTﬁﬂiﬁHAﬁ sttdheisfmg |CQiMnﬂ€Sr G (Grou 1A,

up.lA)_such _as Li or K. Goup 2 (Goup )
s@@g ‘g@ Mo &aﬁnﬁﬁé @foupé@uaulel\(@rwlﬁa spghpas Tiy Zr B’)d Hﬁ Froup
Ggﬁt(l]p ﬁf&a{?%) oup a%)ogu% (aédoupe{ﬂ/g\ R%@rouv?%§&}$ %ﬁh %gr Mo

'Ead V@ Gromp& (VEAQWVDBYkdch M4NB), BeJehd RS; Grou N@ 9 &t WGroup

VIIA VIIB schasl\/h Tc, and G oups 8,
%Iifﬂﬁf%s %‘éh@é Yo 100, 0% Cot Ry, N, g PeeCromn 11 GroupdB) such

Cul Ag, O‘AJXdGro@1 E@?ﬁg(]@%&%ﬁ?ﬁ(% QEI%B E%g %ﬁg [%80%3)

]sﬁcl( ﬁr@m pnd Int And GiduB)14 (Susud B, GFBIRECH 3, Gt I8, ibrededhee is
(Group VA, 1VB) such as Ge and Sn. Preference is 20

éi“(Fé‘ﬂO UG SPRRT, d%@iw@rn, rfpﬂdatmmﬁﬂpdmm dohath, lrplalmd@il qu
%@lluhm dr aqﬂrxt 8}<§m T. morettlhet-r% alélgjctg ;err%?tgt é‘ 1cu1ar two

or nore there LP as active ne
preference is given to using ruthenium, nickel, or cobalt or mixtures of two or more

thereof. A particularly preferred active metal is ruthenium.

[051] The content of the metal component will vary according to its catalytic
activity and the proposed use of the catalyst. Thus, the highly active noble metals
may be used in smaller amounts than the less active base metals. For example, about
1 wt. percent or less or ruthenium, palladium or platinum will be effective. The metal

component may exceed about 30 percent in a monolayer.
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preference is given to using ruthenium nickel, or
cobalt or m xtures of two or nore thereof. A

w@artiogurbarly preferred active netal is rut henPCIEPRS3/012884

[051] The content of the netal conmponent will vary
according to its catalytic activity and the proposed

use of the catal yst. Thus, the highly active noble

B9 sWhemtheggtivrsmetal i adrghly eqetn@rmbbtrget@lh@rpomteet ineths catalyst

S SRR B Bl P PR e L RPoEe by
ebdiglat précerabTin GofiRibalit 0.0 FPAYIRNLOND m aed abeiic® from

per cent in a nonolayer. 30 16 WD 2004/ 045767
pETRiEbD toaonl DB by ‘Ye@gﬁi myyeepiefietablyalctoi e byrmteadht irseamh case

t t t
80 o QEL SR P BB AR Bt s o
fth@ﬁﬂe@éh@ Eﬂve@tl&ﬂls bAe ahe éﬁm%l@s& B¥theieh glh)tne olP Ex‘?&ﬁﬁ’tﬁm’%n with
fromabout 0.01 to about 20% by wei ght and in

Pae or svraadditianal ackivometdls at at ilotai bmuentwmbmaméryghy Welgh’([j of
9 5b
SRl BB S rafbrobit A arorh tontSh B st o 2% buOnwentof aatve
Rh&A1E P& RLAd &’cﬁﬁeﬂt R fltheASA ‘?§§r§m%&outtd1@1 oIR8 elﬂ&re preferably
invention i s one that conprises ruthenium alone or
Oolntei 1abiy wreighit bfithe dotel cmtalym)r e addi tional active net aI S

at a total content of |ess than 5% by wei ght of
active netal and preferably at a total content of |ess

t[b‘ﬁﬂ aﬁ/hé?yth@@ét%tméﬁl 1§‘ﬁ5ﬂfﬁr’agtrlﬁug%§%{ctl6g éleél%rfa@g ¥1attut1:'e of the

content of rutheniumis

prepfoeedadpipyication, Sich ab n dulfidr bemaoveil, Gligh llef/elﬁ he rta@ilﬁld in all
cat al yst 053]. Wien the active netal is not
6&‘?%5‘\/ |‘f1%Fr1¥r9568 inygriog they ki mated maxt hermsessnt atdevels of 10 wt %

Bt ﬁ‘fb?é S G (lg By 158k "/Q ¥y nﬁ)lf& I?ll‘lcﬁ'g‘ ghﬂ’er ngH r/e PN BLe ancft A%t

l'evel S are reéquired spec Re presen
iprafenabliyovitiitn Eheaa:ﬂge\té uﬁmb b \ma/ybélaed ph e}seetatal dleighe¥Ldasal (it
10 W % 15 or nore, preferably 15 wt % or nore, nore
Bi¥kerably 20 wt %or nore and most preferably within
the range of 15 to 45 wt % based on the total weight
of catalyst wused. [054] In all aspects of the present

[084¢nin alhadpbets ofithalpyStnt ifventiod tiacdatil @l iskhan@act@ed via a
process in _which a_support is provided with one or

REAICESSAR MNP 3 PRPOT isrpyiged withne ogmpéescataiytmgh agtiys rogtel
Qlftesathﬁ)ﬁgftf Fﬂ;‘e'tﬁe 8?&&1}%%% s%&ue?l S Sﬁgr%cests et%ps &l aspects the

aspects
process has as a first or intermediate stage the formation of one or more organic

complexes. In the first and fourth aspects of the present invention the formation of
the organic complex may be achieved through the simultaneous application of the
one or more compounds or salts of the catalytically active metals with, preferably in a
admixture with, one or more organic compounds capable of forming a complex with
the one or more metals or salts or compounds of the metals. Alternatively in the first
and fourth aspects the one or more organic complexes may be formed during the
manufacture or synthesis of the support; in this embodiment the support comprising
organic complex formed in-situ is used in the process of the first and fourth aspects.

In an alternative embodiment the components required to form the organic complex
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process has as a first or internedi ate stage the
formati on of one or nore organic conplexes. In the

wo poog4zaed fourth aspects of the present i nvenPCDRP100&012884

formati on of the organic conplex nmay be achi eved
through the simultaneous application of the 25 one or
nor e conpo%Pds or salts of the catalytically active

¢ HICQTRRFAIR, Infs kB It sunpert dudng ks Wrenfagtite, or shmdhesis with

i 3 ' c | ex
B Ry TP U SR 0l PLRLIRA BRCRL S o
tthernmak tradtmentd fithe QpbitebinptiBing g donfpdhenta N thedeeditt and third
aspects_the one_or nore organic conpl exes may b

e
fasPerEThe Pissent e entieihihe feganiceconrpleis foraddgn dwo distinct stages,

i 1,S.emrhadi ment the .s ort _co Lsi ng 30.
SHEBES beink RelsRpaTATA PF el BBEH mRr Rl fiogeddive
qhettBend iestconadtdoe bein tRS APction dfdondBr AHot&si3akit ¥6mpounds
enbodi nent the conponents required to formthe organic

cep@ilest forming® ROMIG0WB 6® @EDT BER2O0G!alF®88YUs omganpounds of

RE PR B0 i e T SRR Dt b o
QELaeiveth @epashiedh (TaR&Ibighiig cOpbitl ;ﬁe&ﬁﬁ%‘%ﬁggégﬁ?r%%g Sats or

step such as thermal treatnent of the su r
compeiedsmy themetebnpltragh shis stagd inversion amcklatrod to the scond and

R EeiaR S ST 8 S e
dpROSthe :Héﬁblsﬁifon%f aahtt oPEorﬁ;S%llﬁBQ ¥rdnOdr RO cha(ljﬂ?SE%ﬂg}é%ctive metals,

catalytically active netals and the secon

toes ithegstagdeacqpphg thatdepositadn afivae or mope ergemiganmpowaizpapsbitsos
able of formng.a ca with the one or nore

TRRR s ominies Ty b SRPBRhG SO HeHB AP 51984 eebecn
and : e . 0

e e RS S S it e

organi ¢ conpound precedi ng deposition of the salts or

iy ZR B o migt osine B i SUGO APt commoRER 45 il ofone
0% nRRE cREIGH &Sl Seivd @e&ﬁqs E(Zrﬁ%ﬂgd @R ohBbf %ogesé}g%ﬁ gérﬂfounds

stage requiring either t eposition o
¢o fipouahiatreoviactoss thar @neated|with £alppyrt ac téposit et @ksic
or the stage requiring the deposition of one or nore
&P@’QR?XC Sﬁ& @ﬁwﬁmﬁm&%ﬁ% Femplex may baifprgnadins fogngiao! thany

: ! :
R L b TR SRARUBEO ™ Rl Pl PRSP By
selvafitas tsolvents nsealycthiring Sosnatiod Db ihelmixane Ieatfodhdrentboiment of

the first and fourth aspects a conpound, or salt, of
SRrse 2eclone OL P QFETEE FPPYEds ¢rd #EQrAPQINds e HhPIEg OF

WhdrB ARG 011y R e QEARU:C SRR itaneously with the support to

form the organic complex. In yet a further embodiment of these aspects a suitable
organic complex of the desired metal may be synthesised and applied to the support
via solution of the complex in a suitable solvent for the complex. In yet a further
embodiment of the first and fourth aspects the organic complex may be formed in-
situ during the manufacture or synthesis of the support material or from components
required for formation of the organic complex, that have been incorporated into or

within the support during its manufacture or synthesis.
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to forma mxture which is then contacted with a
support to deposit the organic 20 conplex. In this
weredagiitent the conpl ex may be formed on for meP¢DEPIIN3/012884
the mxture or may be forned after contact with the
support and after renoval of any solvent or solvents
used during formation of the mxture. In a further
enbodingnt og t hese aspects one or nore organic
unds nd r : oL e
ST SeeP SRR e upfodic 5 Aol witPk
RhiPoliAd e 8dlg lof oié bmbRecatiaRaNy adtive 2betdle followed byngaimient
conplex. In yet a further enbodi ment of these aspects
witls oiket erishere otgagimtcennavngs oxfonn theagaie somplexren e syaport.

S SR SRR PR P P o B
c}@g{ﬁéhﬁd@ fol1Bw¥Eby RedttichN®lth 2 @HREEUHEEBE saf of b drinigit and

odrth aspects the organic conpl ex maybe forned in-
@itiytically aeityetohrsalatn fiamdhe prganic coypleras the fpppHe In either

support terial f ts 30 ired f X
TRl Ao} A PE TGP e P SR eoH Gy Birg Bgynests of
%Qgﬂgggrated into or wthin the support during its

nmanuf a

cture or synthesis. 18 WD 2004/ 045767
PCT/ EP2003/ 012884 [056] In the second and third

Q37 Stspnd BT hirg sl O TE LY S1 P DR RS PTER e
%&E‘g&c‘fﬂlg g&tiv‘g\qﬁ&a@% R BRRLed Yhib I ORBpOH iR, AhARhSted

oun ormthe organi’c conplex on the support.
#td i0 opphyaichity adxhixeéd watitio ditwenplidatien sfifhp andividgalfcomgppnents or

contacted with one or nore organi.c _conpounds foll owed
BN iS4 CPBARTS RO BRFUEH Y J6FP I8 e SUBROT g aeta
St s%}t?ﬁtoh,cﬁlal 1AhY § sl §bl§éﬁﬁ 605 B3 hB&IArF AN Getal. In the
conmpl’ex on the support. In elther enbodinent the
femmelfodsh asechof i predut mdemtion axgixmes of acompeun, or salt, of

synthesis of . the support. 10 [057] In the second d
o1 oraneis saiabvEcyly ackize pregdsyith Ph?/ PLPrEHRC 8%199@?“1%&% be

G B g S g ey, e
ashhcxiesh oficnd ok inordl Getha pepa@tsan nakturéseoficnoipunaitsinay be

conponents or mixture of conponents hi.eved
bypushtdateicaptagtwitl thssgpport Watégglé&é@aﬁgéﬁ%@%gd% gﬁ\’llgg

3 gr:%)ét%%%gma/f re%}ﬁxécﬁl%é tHIé %argpcfthatsﬁg%.é h2R0R. PR Y¥RMreRimdhods are
impregnation of the support using such techniques as incipient wetness or slurry
techniques. In all aspect of the present invention suitable metal salts for preparing the
metal salt solutions of for use in preparing the mixtures are for example nitrates,
nitrosyl nitrates, halides, carbonates, carboxylates, acetylacetonates, chloro
complexes, nitrito complexes or ammine complexes of the corresponding metals,
with preference being given to the nitrates and nitrosyl nitrates and most preferably
the nitrosyl nitrates. In all aspects of the present invention the organic compounds
are present in addition to the normal counter jon or moiety of the salt or compound of
the active metal. However, this may not be the case where the organic complex is

prepared in a separate procedure for use in the processes of the present invention; in
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first and fourth aspects of the present invention a
m xture of a conpound, or salt, of one or nore

wa@ aa0aloyi7sral |y active netals with one or nore PCTEP2003/012884

conmpounds may be brought into contact with the

support to formthe organic conplex. In all aspects

the application of one or nore of the conponents or

tHexg eircasnsgmcesoivp onsmescavaier-bens 20 MAisg Her thesadt ereerwennd of

HesBrtg AP Ron FRogkd b AR ST b Sy The
SHbinAloantERidNAHay JESHPAIRERWIRA (HEbREAS cBfBlex is prepared in-situ

i npregnation of the support using such techniques as
dwingihe manwéchies er ymthskiaof the stppdrhomuesse thercoaiponespreghired

f_th resent invention_suitable. netal salts. for
b GG RN Er “irdberr e 1B LT BioTs P ety
RIa8RBEA Ao DB XM Elgtalé_e 8hBodiRen@XROR Bitedlibd RHBS meBP may be

nitrosyl niftrates, I des, carbonates, carboxyl ates,
aoeided dyatchageassocddowith theanppakesicture or iht orgaoivpheixysor
or ,amm conpl exes _of e correspondi ng netals, L th .
Bloagiss Bhibe OpFHCYRRIEH %e@ REISHG SRve s lﬁpffff%}g%ﬂ%at itis

j f he -nitr. j S.
PR b B AL o e firePlsb Lt B2
conplexkitis sadhdordessdiytiraxideadidi ti on to the nor mal
counter ion or noiety of the salt or compound of 30
the active netal. However, this nmay not be the case
NS S AE-ERR R ot ivcufion BEERA T ki PR fhcive
nfevdipplieg td the 38ppoRt RAAYHAVR4BEE Tndtdld AfpPi20 QBN Nl kA88hAly using the
these circunstances the orjginal counter-ions or
ieiQsipeacesssp of His Deepcht IgyeTkioR9b thedpresess stprs HEX b reppated to

I i romthe purified organic netal

g@éﬁrgf}%@aﬁlﬁgﬁg?‘ﬁg?%m counter ion may al so be absent
when the organic conplex is prepared in-situ during
t he manufacture or synthesis of the support or where
10891 c Bngbereaets of Bgupressef Inventign paY pZERIE ceBRpids thytare capable
I REOr P i .t Qi h . [ [
SRREPRY b b thfbinabiol Medat BFuB R BRB i s et may

86 Usdde TybiAlly thebd@i1MBE @lgaiB Yok Bourfals @it d@obaﬁyblaot:mhg@
associated wmth the support structure or the organic

gemBleyesdhat aipstable aadesfthe erndiioga that aedippnably uspd dor deposiging
t ctive.,.netal ,it,i ef err.ed th it t .
AT RE ST bRl B £0 EaiE SoiBlngt brd el grovice
siethdl orgdhRf REfM:es tat b slbloaipt @xeendifiors ANy d&ddbr
hydroxi de salt. [0581 In all aspects of the present

dregeatalyst senpeirty eftsr mpaegnaioewith phe paimiorscagglyticetly eetive

metals. Suitable organic compounds are well known in the art of transition metal

chemistry and include such organic compounds as organic chelating agents, organic
monodentate, bidentate and polydentate ligands commonly used in the preparation of
transition metal coordination complexes. In a number of such complexes one or
more ligands being covalently bonded molecules and/or ions may be present in the
complex. In all aspects of the present invention the organic compound may be one or

more organic compounds used in the manufacture of the support or present during its
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netals applied to the support may have these netal s

applied sinultaneously using the various processes of
WO b@4fosTsENt i nvention or the process steps mapChEP2003/012884

repeated to 15 apply the netals in sequence. [059] In

all aspects of the present invention any organic

conpounds that are capable of form ng organic

syotmosiensash aé fon ekdreploneganic tawplatesarsed intthe miahyfaeivre afe

net al.s nqy be used. Typically these will be organic

PSR A HRPOS e capabl e of forming 20 conpl exes

that are stable under the conditions that are normally

used for depositing catalytically active netals.

[odejal Inythe proeessrod e preseonjpeentivs parteubelysoitdde oxgapicovi de

metal organi c conpl exes that are stable under the .

CHRIUPIHE cABPREIdshal Serfainfne of FIATe, groEo EPYRSSUEh B3 ARIRES or

ter

b oot PL ARG MR R OB CRRRA, NI

dontaimboth aihtigo and alodhdl gamps tvithin tire tatp@imdc He thestasyofdfisther-

i ncl ude such organi c conpounds as or%$nic chel at

'Q@@mhsqataéysgeaprpgarew‘;@m terthe prgcessof efogiily aspect t.ilg greferred
I t | i A ' ' X
B B e S SO SR et

aidrhgcti efalispieafipoRLEy ef oo frefirrednderd éxghnids floai this
coval ently bonded nol ecul es_and/ or jions may_ be present
¢randmentcﬁnﬁbme@mqu¢mmt thespypleaed opganicfemponadspre amines that

i nvent i.on, t he. or G- ound nmay be one or 30 nore
g gﬁPtC Bﬁfﬁﬁﬁﬁgﬁﬁgégﬁgﬁgfhe manuf acture of the
support or present during its 20 WO 2004/ 045767
PCT/ EP2003/ 012884 synt hesis, such as for exanple

W6ghninalk asperitaofthe prsentiimventien hemuelagedipigare compounds

| ecul ' : 0601 | .n.the. f 1.
RUSE b briPei RS BRPF el APy Pl T BB SR B Rofantilg
SRNPOMAFBe Alishatie AR IS cloARbhAER AkAhdY, HARKyDImINes Sndbdlkylaryl

groups such ‘as anmines or amino acids, a particularlg
pniker Fewe grayls nofmay,gasindaycwmg derialy aatises: Fbaemeyialgo be
contain both.am no a al cohal _gr.oups Wi t,hi h
AEnptm e PRt it s poEfdoRar PRl Ul peen-
BRRAIE QoRpEREPisREe bPmbREpRARGeRsowfar} beteftiay dtiindgRefRtably
the preferred organic conpounds are
pilet orogens-abiphatii aniings andrmpestipepderebisone pempresdeahpl groups such as
arboxylic 10 acid.functipnality so am no acids are

£X élpél}qsggb‘gﬁdngp’ Oé‘x'aéﬁﬂﬂfgale Tomthis enbodinent.
In this enbodi nent the preferred organic conpounds are
am nes t hat .
[062] In one embodiment, the nitrogen-containing compound used according to the

present invention has the following general formula:
NR'R’R? )

[063] whereinR', R? and R® independently are one or more of the following
groups: C; —Csg -alkyl, C3 —Csg -cycloalkyl, aromatic, alkyl substituted aromatic,
such as C; —Cso —alkyl substituted aromatic, aromatic substituted aliphatic moieties

such as C; -Cso—alkylene moieties substituted with one or more aromatic groups, C; -

21



10

15

20

25

30

are free of carboxylic acid functionality. [061] In
all aspects of the present invention the preferred

wo@e@anizeronpounds 15 contain one or nore ani POI/EP2003/012884

groups. Such conpounds havi ng one or nore am no
groups may be aliphatic am nes, cycloaliphatic am nes,
aral kyl am nes and al kylaryl am nes. These may be

(s rieklgoxys kb aadingy andiar h)ék?ff)é'rsybsiﬁ’iltné &; -Ghesikytnglkakysdkyl

t 1 A Lt
B L S RO P e 3 T Bt
QNG 1MinORK G ACh BRCY-Cs§ Qﬁl%ﬂﬁﬁfn%aﬂt?l helkkdcgene, Fhige
preferably 20 one or nore ali i'c am nes and nost

hetstasyelid, plkyh substitutsl fetedeyotio Bncgalhyﬂmlbsiumhd ammatior

GRSt e il SgBRHGH S ARG ik amatc heaoyeli

%SQEBQEJégaﬂ@hétggcycBE §§lﬁﬂ¥utécf‘é’hl%‘%ﬁ@ﬂlo \A%Edzﬁ as @l | @50 ﬂgylene

general tornula: 2 063
andetiR siibstityted siéthtdny oameroaematic grues.ok etdhmohpm i Rigmay
al kyl C50 -cycl oal kyl arormtlc

gﬁlﬁl%p?ﬂ%@f}ﬁgbcgmrea%rlaﬁaﬁer embagglimian R nandd s tarey Rijth the

t Rh
D R R B TR P e R BB B e

\aubsitntmmaheteronwleomlbmubszinge@ammanehete?oby&/l@

2004/ 045767 PCT/ EP2003/ 012884 C50 - hydroxyal kyl

am no- and/or hydroxyl-substituted C1 -CSO -al kyl,

s kﬁgﬁnoaigwl E3uprind! m%’goégﬁaﬁ%ﬁpé’l 5By DUty

aokytyhseabatyk tért-bugh nasent?, isdgetyl, &b&)ﬁbﬁ?ﬂ, ﬁét@)lekt\yl 1,2-
heterocyclic, aromatic_ heterocyclic,

dimethylpianel nH&X& soheni.eeehed) ideptyl L‘§§h¢pttﬂt e@ctyl, isooctyl, 2-
t K
BOIB £ SRS R B pra

AP pdﬂxcuhmi pi‘éféﬁbl@'@ﬁ@)ﬂ I1§0p‘3¢ﬁ31$t2 bty R exya) A-BEBH, 2Cn-propyl-n-
nmoi eti es such as Cl1 -C50 -al kylene noieties

élsm& nritifeayl -2 fubire nopyhisde- labb%rprl@n@ls S0 ~Choo —alkyl such

S99, 0 g AR ERSPL b A R

prdféxﬁ@ﬁdllpah@cﬂﬁmﬁe@ hriefafifiecCaiihe Hiviig dhetoe fr@%’ﬂkﬁ ,groups
aromati c_heterocycle, alkyl 10 substituted heterocycle

Savigg kyo 28 Grben ¢ eﬁnémapreéerh@yarte d¢ eprdon atoms.

[065] Examples of cycloalkyl groups include Cj; -Cy, -cycloalkyl, preferably Cs -Cg
~cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl.

[066] Examples of aromatic groups include; phenyl, 1-naphthyl, 2-naphthyl, 1-
anthryl, 2-anthryl and 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-
phenanthryl and 9-phenanthryl.

[067) Examples of alkyl substituted aromatic groups include C; -Csg alkyl aromatic
groups, preferably C; -Cyp -alkylphenyl such as 2-nonylphenyl, 3-nonlyphenyl, 4-
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[064] Exanples of al kyl groups include; nethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

wo esou 0Tyl , n-pentyl, isopentyl, sec-pentyl, PCT/EP2003/012884

neopentyl, 1,2- dinethylpropyl, n-hexyl, isohexyl,
sec- hexyl, n-heptyl, isoheptyl, n-octyl, isooctyl 2
15 et hy Ihefy n- dec |, 2- n-propyl n- hept

erl

mnydpf@aylyﬂ phdnyt, )%denylnbmﬂ Aaﬁ@ymhnnsﬂd %dmﬁylﬁbwwl 2,4-

ST G R
glrc]l%)} ﬁféﬁy 2,42 dﬂfe%f)l‘{én‘yp 219 Wdec?l@ﬁen?yl r?hlﬂlcyéc?@hﬁm ¥hd 3 5-

such as pol ybutyl, yi sobuty

ﬁidb%ﬂpltqny] n;qn@plgelferdﬂy 6py|Cianakyplphgny hyclh as "Zheethyiphenyl 3-
Sty TPy o e e BB o

t
S S A
2 G}é@imﬁétky/lbhenpt ef3x6-abhsth@pheryB, 2,4 6—ynﬂne’ab/lpjnbn§é Ut bthglphenyl,

LAYt i ealphegyo viseypheps Bobpiopiebsl a4t o

glrg) #? groups i ncl ude; phenyl, 1-naphthyl,
g% I&’y - anthryl, 2- anthryl and 9- anthryl ,
1- phenanthryl 2- phenanthryl 3- phenanthryl 4-

E}enanthryl and 9-phenant hryl . 30 [067] Exanpl es of
63y | Exemples pfiaremate sbstiivge l@bﬁtsc mﬁ@ﬂ@ﬁjléld@‘ﬁe Cesoso alkylene

gllo:ﬁ%ﬁ es ﬂﬁ.ftéé\ﬁllg oﬁ’eug %I%La?/% 1c #stﬁéemt%?efeﬁ%blg (]?7 -CAZ -
gﬁen\ﬁﬁlﬁﬁ @éd}%%%ﬁiyl P@ﬁeﬂ@&@z@?ﬂ }Qﬂe&%ﬂ lrjihelyjlplhpyllyﬂ-

2- decyl phenyl, 3-decyl phen decy

Qh@lymrﬁmdyi Wialeopys, Lphas b RGmyIE, Sphenylbutyl and 4-

ﬂ%lt)a %&L}]armrefe?bjbpg%q gg gﬁ[‘eﬁ“@%ﬂg kaglg}{étﬂﬁe nyl ,

dldecylphenyl 3, 4- di decyl phenyl and 3, 5-
di decyl phenyl, nore preferably C7 - Cl12 al kyl phenyl
1060 Hsampieh ohyyipmemlly] Euss Wéludy FpisRyiying one or more C-Co

—hg }%/?Ll{) Eenc%lﬂ%lpy?térag y{? Q%’ h}&? a&lr%l I%r/ﬁ)ups , particularly preferably

@q @Hiyﬂ'ﬁh@ f‘?ﬁﬁ(ﬂ:& sudh 551%#@@%‘9& tlﬁ’ﬂ eI‘-M!Jdroxyethyl 2-hydroxyethyl,
4-trimet phenyl trinmet hyl phenyl ,

;l? }eldmfn h@phly B@brémb'-n-monyl@ -hb’ﬁﬂ@él’-ﬁwl‘mtéﬁ 1-hydroxy-methyl-
i s e S
R{cORMI(ROBRM., di-, and tri-, subst1tuted aliphatic hydroxyalkylamines such as
methanolamine, di-methanolamine, tri-methanolamine, ethanolamine, di-
ethanolamine, tri-ethanolamine , butanolamine, di-butanolamine, tri-butanolamine,
propanolamine, di-propanaolamine, and tri-propanolamine. Also preferred are N,N,-
dialkyl-ethanolamines, N-alkyl-diethanolamines, N-alkyl-ethanolamines, N,N,-
dialkyl-methanolamines, N-alkyl-dimethanolamines, N-alkyl-methanolamines and
equivalent propanolamines, butanolamines, hexanolamines and heptanolamines. In
these alkanolamines the N-alkyl group may be a hydrocarbon or substituted

hydrocarbon group containing from 1 to 50 carbon atoms, preferably 1 to 8 carbon
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10 [068] Exanples of aromatic substituted aliphatic
noi eties include C7 -C50 al kylene noieties

weushii7et ed with one or nore aromati ¢ substi t PETYEB2003/012884

preferably C7 -Cl12 - phenyl al kyl such as benzyl,

1- phenet hyl, 2-phenethyl, 1-phenyl propyl, 2-

phenyl propyl, 3-phenyl propyl, 1-phenylbutyl,

2toptseamg iniast preferablp hdogicortbons atams suchi® peibyly bk pipropyl,

articyul arl referabl enzyl ,. 1 -pheneth and

S biranbarist, BORSTT BRsinl SbeshpdiRl B! §foups
i ncl ude am nes having one or nore Cl-C50
- hydr oxyal kyl groups, preferably Cl-C8-hydroxyal kyl

§ p Exampales iof ampol yndphgirexyalidyy groGs Deludy €h okynahlkkyl,

%gq%gfgglgs)@ygu le?%aqns d/h o)é g{«g‘éwgspgt %}mﬁg{ ;glr.ll %ggﬁa?ﬁgyitp%lic’ulaﬂy preferably
-k d ) . r y - Y .

e

ayditxpalikodthydaatimetomt ai ni ng ni trogen conpounds

i nclude the non-, di-, and tri-, substituted aliphatic
hydr oxyal kyl am nes such as net hanol am ne,

Y G ; . e e . .
BT SRR B R PR AR TRAR G RERP By .
di,5 Rkt ek AEcultily pleirasl9 IC3nTHalkoxgblkpirupik BOmatioRmethyl,

di - propanaol am ne, and tri-propanol am ne. Al so
pthexmnetdnl, armsopexmmethy], asapyeroxymathyl. arhvieymethyl,

N- al kyl - di. et hanol.ani | kv).- i -
R e SRR e e SR g
Mretthdkytth{e bR @ladibREsaBIR €, -€4 LHINGYRIRY] IEh panettaRyMesy],

but anol am nes, hexanol am nes and hept anol am nes. In
ethezpmeathih nairepaxysstiyh dsaprenokymetyb B iy niséhyd,

h b bsti tuted 30 hydrocarh ‘
R B e R R
Saciasbeimyl 23 O 2004/ 045767 PCT/ EP2003/ 012884  at oms

and nost preferably 1 to 4 carbons atons such as
nmet hyl , ethyl, n-propyl, isopropyl, n-butyl,

187, el BE Ot RSB R S L P

EP&‘eﬂdﬂl‘?f @LCZMalkﬂhﬂﬁﬂoalk@%%faﬂfc@[a@?'pyefé%@@3 .@rpfl./ or
Y 1 - | kyT, y

droxyl -substituted C -al ky particul ar

ﬁtalélf()éTmi@bylkYbﬂWh s ﬁimh»ﬂarhmdml@ﬁwl,dgnﬁbﬁlafnm@dlym - C4
- N ' .
Bty mrtebgRsSb g o ARG rigp 25

al koxyal kyl groups include C2 -C50 -al koxyal kyl

preferably C2- '
[073] Examples of alkylaminoalkyl groups include C; -Csp -alkylaminoalkyl,

preferably C; —Cyp -alkylaminoalkyl, particularly preferably C, -Cs -alkylaminoalkyl
such as methylaminomethyl, methylaminoethyl, ethylaminomethyl, ethylaminoethyl

and iso-propylaminoethyl.

[074] Examples of aromatic heterocycles include 2-pyridinyl, 3-pyridinyl, 4-
pyridinyl, pyrazinyl, 3-pyrrolyl, 2-imidazolyl, 2-furanyl and 3-furanyl. Examples of
alkyl substituted aromatic heterocycles include C4 -Cso —mono-hetarylalkyl, such as

2-pyridylmethyl, 2-furanyl-methyl, 3-pyrrolylmethyl and 2-imidazolylmethyl, and C4
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10 C20 -al koxyal kyl, particularly preferably C2 -C8
- al koxyal kyl such as net hoxynethyl, ethoxynethyl,

wo@roposy et hyl , i sopropoxynet hyl, n-but oxynepdilyEP2003/012884

i sobut oxynet hyl , sec-butoxynet hyl, tert-butoxynethyl,
1- met hoxyet hyl and 2- net hoxyethyl, particularly
pr ef er able‘/? C2 -4 -al kogal Kyl such as net hoxynet hyl ,

et morkrbetap] Suqhzﬁﬂowésty tphyyidinyl, éépdmps&w&sm@azolyl 3-methyl-
- Py t oxynet hyl , sec-but oxynet hyl,

?é?#&g oxynepﬁi%%yféﬁg?hoxyethyl and 2- nethoxyethyl.
[072] Exanples of dial kyl ami no groups include C3 -C50

-di al kyl am noal kyl, preferably C3 -C20
1 &B@nieﬁ @ﬁalkyllamnmﬂt}ﬂ gudugs iryblqde (37 eC@bB&yﬁﬁlm@ﬂfM

g?eﬁ%%ﬁv‘t? moaa]f)é FH&S%%IP%E %Wome hy met%ylammoethyl

dinvh oethyl. [073]
azmﬁéﬂﬁﬁ?ﬂﬁﬁﬁﬁﬁdﬁé@ ndlsbaORARHAT O DY s

-alkylan1noalkyl preferably C2 -C20
ﬁbﬁy am n E rt| IarIy preferably C2 -C8 .
SR RBaPkdRto Rariaeli Zouks Pk b iy aminoaliy,

neet et hyl
E%‘f**%‘@g@ar SRy %ﬁ%ﬁ%‘é@%@@ T Mot AMIET Y ¢
Hnm@hyimylmoemyl ﬂralthmnﬁeaw]l di-myptopyBminsdtiinyd , 4-
gyrld ﬁngnyl 3-pyrrolyl, 2-imdazolyl,

1390 rngwﬁ furanyl. Exanples of 30 alkyl
substituted aromati c heterocycl es include ¢4 -C50
- nono- het aryl al kyl, such as 2-pyridyl net hyl,
E)?Wilr Emgdhplﬁebhl)ﬂtero@ycﬂm co@bylrue] ylud@petidine, yrrole imidazole,
n}fP zol )/I methyl, and C4 24 WD 2004/ 045
8/% e, 1—35901117&1 Ryfrabiding pyrisidie, a@d substituted

h m dazo
%}(Jﬁ:‘lﬁ&%f tﬁas@?x@fefgcg lic co%ﬂpgu%{%&ﬁ%gl’ep )(/)RF g@amﬂl rMT @fg?omds
xchrdp |aas/1@1ﬁtnad ikl Buiitrileadueilas GreuBSpletadthy @1itele, nk® Othyl
- al. kyl ami noal kyl', 5 preferably C2 -Cl16
nify yl am noal kyl such as net hyl am nonet hyl ,
nmet hyl am noet hyl, et hyl am nonet hyl , et hyl am noet hyl
and i sopropyl am noethyl. [076] Exanpl es of

[078] K ghigtileainks Yibidg rRURE rafiehluge s het%mo acids. The natural
-di al kyl am noal kyl , preferabl - Cl6

arging) agigs amﬁlmllmwm@ra ehthefodowimehaliring, negieinhydsparagines,
%ﬂpgﬁ{cpr S s?quet Qésttlﬁlflzfé §t %ﬂo%lnc}t}ll’]rgselﬁe ij 3, diiodotyrosine, glutamic

acid, glutamine, glycme histidine, hydroxylysine, hydroxyproline, isoleucine,

leucine, lysine, methionine, phenylalanine, proline, serine, threonine, thyroxine,
tryptophane, tyrosine and valine, a particularly preferred amino acid is L-arginine.
These amino acid compounds are not used as the organic compound for the
preparation of Fischer-Tropsch catalyst according to the process of aspect four of the

present invention.

[079] In all aspects especially the first and second aspects of the present invention

the preferred organic compounds for forming the organic complex are organic
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di i sopropyl am noethyl. [077] Exanples of heterocyclic
conpounds, include pyridine, pyrrole, imdazole,

wWo@x@204E67 t hi azol e, pyrazole, 3-pyrroline, pyrPCI/EPi0n&012884

pyrimdine, and substituted 15 exanples of these

het erocyclic conmpounds. Exanples of organonitrile
conpounds include acrylonitrile, alkyl nitriles such
JYUPGN CORBHPRSCOPBR IS, inere praferably@miresy ind mprerirgferably amines

SV ' ' i ncl ud t | d
[C;Q/,ﬁ nlﬁjbﬁ@@rﬁm@%&ggﬁ&? s include natural an

synthetTc ani no aci ds. natural 20 am no acids
include all isoners of the foll ow ng: al anine,

argi ni ne, asparagines, aspartic acid, cysteine,
d9§9]i A all 3spestsdifishepresapt swentinn t8e Brgadicicotpoyndsian be

O e W TR TR L M —

I Beean FRAN RRAIIIA hiEsis BF @b i
g T e L

Vg mqn_éqc_uhir pigve.iSeigh arga;aicpcmphte_s ack well kiovacindhé srt and are |
TR s OB s A6 TEHBeS SRR BV Greepontaining
%rgéhlﬂﬁ‘t%mﬂa@é%?gﬂicﬁﬁlﬁﬁ&%ﬁgﬁtﬁgﬂ&%ﬁt@? gt%&1F%4}g* qﬁlﬁ%gﬁ%fc

aspect four of the pres
aepworxl mgybe inglokdycedie aflditist teeay semintnpdne dinsngothet he

PEFRTSHHE eSS EHSSS 054 PEhpel 4P e!OY Gefitheps Jisomponents
2004¢ 9&%3{@17101? CHHERZORR/ 8tare %c%%%@d el Blg\'}v{el#xigglé%?uyport

conpounds, nore preferably am nes, nor e
anihreesgamgoetnaplex iteplHisdndrpornted irad eowithinghesupport] B8 @lpport

In gll aspects of the present invention the organic
@8wgﬁﬁﬁﬁfﬁﬂﬁeﬁgwgs?ﬁ&roduced into the manufacture or
synthesis of the support. The organic conpound may be
an organic tenplate as used in the synthesis of the

$081) o The whganict doepoupdatat be usedaat BRY QdtibRI1edd] @VR1atiDHGH the

organic. tenplates are well known in the art and are

6?’3?%&9{ 5RY oheapRRy@d of dhercaiatyticgllnaqiivainectale g Tﬂgé@P compound
: L L o temolat

DR A ROSP SO B Bom L1 FIRYBL gy e

oomaoircls btk wsedpoamdappiaitiabemble iritiiecodvirnaldgtint s@lfot O
ag% organjc tenplate during the manufacture or
SORP

i o thy catlically gefive metal tg|one a5 Mo ergeie Aompleles: This
ﬁ{ay%lela HAFPANSES:1 or higher depending on the capacity of the metal to
complex with the organic compound, the capacity of the organic compound to
complex with the metal and the presence of other complexing ligands such as
monodentate ligands. However it is possible to use levels of organic compound
which are insufficient to complex with all of the catalytically active metal; in these
circumstances not all of the metal is converted to organic complex and the resulting
catalyst may contain catalytically active metal sites that have been derived from
complexed and non-complexed metal intermediates. Ideally, the mole ratio of
organic compound to catalytically active metal is within the molar ratio range of 0.1 :
1 to 40 :1, preferably, 0.1 :1 to 30:1, more preferably 0.2 :1 to 25:1, even more
preferably 0.5 :1 to 10:1, most preferably 0.5 : 1 to 5:1. Excess organic compound
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for the preparation of the organic conplex are
i ncorporated into or wwthin the support or the

woe@anizeronpl ex itself is incorporated into OPCIWEPID03I012884

t he support, the support nay be used in the green

state. 15 [081] The organi c conpound may be used at

any suitable level in relation to the anpunt of salt
d?la:\éber@f@%ﬁ‘i’ﬂ when theeorsaniatympaat lig/ingerpovatedhiptadr. williie the support

n resent in excess of that
“g%g gﬁ?ﬁﬂﬁgfngnsytnﬁ%\égrg i CPRYhpl ex. ldeally the

corrpounds are used at an appropriate nole ratio to
convert all of the salt or 20 conpound of the
dasa yWh@IamewompiaX\Ae forptedlin & mintues aforewostaot walnihe support as

X nmolar ratio of 1:1 or higher
B TR i R s o Frprient lﬁgewahe it iy and
WiréfBrabliefoh &R GnftRRRH With %gb‘?véh@ g‘l ?fbe tGer F gﬁgxlg%mc
conmpound to conplex wt e net presence
@DIV@nmra rumhtple ef imatpr @ soldat S’[Imfanaﬁmt oDsvdeken hﬁd&nay vary

ands is possi.ble to use | evels of

ch“ &decf&H% \L[Pﬁ‘alszzpkﬁﬂiycwf FHEntitn SRS Brkthe nilétu&)mp}’ bx

‘@ffe@tn%ll}l' cadtdiew iRt l%%]?&?%d % t@%\t sqgé)nver Wger{ tgle Support

Cl rcunst ances not a

0$ pemictoclopl mexematibnt dfehe mﬁuhﬂellmtg th@pérahslﬁtppﬂﬁy Typically the
]rétal n catac%/_tl cally active nmetal sites that have

B AT RIS Of PBRIPT @eff?pqa&bé@aléx activs rm%@lﬁpn@ﬁ@@rmom
cﬁﬁl_gf) bl L& 8sed!ifl SRIY \)Jhtﬂ&l %I?dn[i {)ﬁ ﬂie?r form ?\ﬁn ﬂ%er{gqulred

to cata ytlca 'y a

moilaratioairidicataingeveto B alchaaQednt me 4lixtute. ’H{eﬁfeﬁlraﬂﬁleﬂ/ofthe
0.1 :1 to 30:1, nore preferably 0.2 :1 to 25:1, even

YK chragrises gRs omere:solvents 1igh map be pyssattér abimontSrom 1
04 67
%’DCEI'? \é}é {%% tj}':%%geg%ﬁ oF ﬁl% %t lerﬁggr{[@rsg u nger 2023{1 y\@hg& g)?,ﬁstge weight

of ttmctuualjmnﬁunenmomﬁé&tMy 5 0 80 WE%% W tHY Weibhkeo fIRPIRRN ixture,
durlng manuf act ure or ynthe3|s of the support. [082]

EhPRPTelErARELD fos7 O i Hreed theweight ofithe tota efinhee Tuimest
g#éf&ﬁﬁlg}q 035'BR Wilo, 8P thte%ve! nél}t o? ﬁleftlo raE]inéxa}n d Eé)cﬁi;tmr&g?%fﬁ%en%s may

resent i1 nven m X

plsetbe Iusdﬂ iyt thoseaesl i tﬁﬁﬂ’@kﬂb@isldf Fheprbdn@inSOhticHTh ordda ks h
B\r&ﬂgbe wat er. or _an organic solvent or a m xture of

pte 3pRlCREPY ehene quiporg s thetcofposety eaquirad tedmamyfactare yhe
Wit RN wide ranges but is typically sufficient to
ensure that the m xture may be

[083] All aspects especially in the first and fourth aspects after formation of the
organic complex on the support the support may and preferably is dried to remove
most of the solvent and/or water present during formation of the complex. Drying
may be achieved under ambient conditions such as room temperature or this may be
achieved at elevated temperatures, preferably drying is at a temperature from 100 to
150° C. Preferably, little or no decomposition of the organic complex occurs during

the drying phase and drying merely results in the removal of non-complexed volatile

materials.
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effectively contacted with the support so as to wet
t he support and when the support 10 is porous to allow

w@emaesssi on of the m xture into the porous SupEDEP2003/012884

Typically the salt or conpound of one or nore
catalytically active netals and the organic
conpound(s) are used in anounts whi ch dependi ng on

[08d] r Inftbe me@hd amd thtinel aspeptsi ofdlbie piesans llr@ml@sthﬁ EPROAL Ié@b’ be
Xture.

o) d th
e e Sachor Mleppsiton tasel” Db it HeS s el & TdBE R ED:
Q&dﬂkﬁﬁ &fih asr}oaﬁa t@ﬁBb&ﬁﬁlrﬁf 6IQHis1=nél}l'3oet R1Redht devafedt he

wel ght of the total mxture, preferably 5 to 90 wt %
teinpetatures ipgéferabhyf driing is aitaabmmmtum ﬁfomrﬂt@ﬂéo ps @1 Pablesably,

b e oy e siags e wY dotetiog 6 BeRar R gHIS B g e
?%oﬂlmgﬂu %h WE ?1 ?cﬁga plp}f @écﬁf@@lrﬂlglﬂe 891 nr%%)h‘ﬁée #6drying

a m xture. Additio sol vents
aRyely ﬁsﬁl@s 1heh¢1fead)v1ahoﬁﬂm wapbnad antitildmmatdrialspect s of
the present invention in order to 20 facilitate
application of one or nore of the conponents required

L(%gg?ﬁagﬁl?% ragfl %&%}n ggpte@{s%ﬂ c}{lf?téﬁ 1n%ﬂt10?15091@ {h% support

and aspects

t@hpRdih@bndr théie or@fn@%ﬁnﬁpl@@ﬁhhﬁb@eﬁmréﬁmﬁed&h@ pmpbrttmeeated
support may and preferably is dried to renove

éc}s ag uge)amﬂl dleoraprie dhe QrgwEe C‘HF%’% qe R SUPAgF L1 Nthﬁttahd}?t
L
QSRR b B0 AT 5 28 D R RIRSc BB S

adaliteiade ﬂimﬁh@r\/ ai-€ith dfmper aiotd recurpsrefetha hhtyﬂytﬁbyllmtlve
Is at a tenperature from 100 to_ 150 C. Preferably

lmeml sisesorlt isdetiewdipudi is is pavithe fematgaAf @eéf‘d?fﬁwws and their

curs e dr r
BG5Hh B B D Rep AR AB L B TRGR o
KRheleb Rl 9f cA4lyMO22B8R4/ 84 EZQHigEWeEm%il@l@Sﬁbn Widd4 the
In the second and third aspects of the present

icatakysit |Pgn1mmta§umq@@m@temyhmcuvw joé élatalb/fl‘éﬁ}ll}’é‘ﬁBYP wetalyif the

0 [ on
5781 e PRt o S rnonlY P d BB A HEP HRHR op e
REypoRe mlﬁr@dé@ﬁoﬁhe ﬁfe%fﬂﬁxﬁ@nué@pﬂ@dﬁws @étaglstsphzefcemﬁhh@/
drying is at a tenperature from 100 to 150

patefyticalb %;cnvgm‘etal sxten;éhaimm wb&tlsf@la(g%@la\lmmé i ghdy qhéwgsed In
Ly no deconposi tion

8’3‘5‘{1%“{?[18‘% EH’@B%HO e r&agﬁ?lg gaur ing the drying phase

and dryi ng

[086] In the third and fourth aspects of the present invention once the support
comprising one or more organic complexes has been prepared the support is treated
so as to fully decompose the organic complex on the support. Although not wishing
to be bound by any theory it is believed that this full decomposition of the organic
complex in these aspects results in the formation in-situ of one or more precursors to
the catalytically active metal sites. It is believed that it is, in part, the formation of
these precursors and their subsequent conversion that ensures that in these aspects the
final catalyst exhibits a high degree of catalytic activity and has high levels of metal

dispersion within the catalyst.
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merely results in the renoval of non-conpl exed
volatile materials. [085] In the first and second

w@zpensTenf the present invention once the suppOr/EP03/012884

conprising one or nore organic conpl exes has been
prepared the support is treated so as to partially
deconpose the organic conplex on the support. Although
not mﬁshing to be bound by any theory it is believed
DSItlon results in the

ol el e e RSP B e B el eeiamids toglatively
@ﬁiaﬂ'rﬂétélﬁﬁhﬁdlesaé%tabt\{% mPBI Hes ¥ 1§ ant rhetbgpa?ﬁélése\%ﬁg ai} Ewgatrage

it is, in part, the formation ese precursors a
tphélcie size @ﬁﬂtﬁ)slaqmdms peferahip Bnm orr ﬂmﬁ aakd shose preffdratily ibAm or less.
these aspects the final catalyst ethbItS a high

degree of catalytic activity and has high | evel s of

&l queﬁl@s?ﬁﬁtﬁcﬁfh@éshﬁh{é sl'h? cg'g%@{ﬂyshtsed f‘nesjclglgfé tbggltze of

paraneter 1nt actl VI tl ca

Fetrirsd mtalh:atal}fsmraﬂd(ﬁietztlherﬂmtaiiéa OFhet gme@m@shba f@fHeasuring
the Ievel of dispersion of the netal on the support.

Tial shidacssaeahy %h?@lwmwﬁ desevibed inoh Lgmetiscsel.,

al ac I
SR A 1B ORI 06 CRUR AR o ke oo
IDa:kkadthvl mkt( hes4).expeB1 @13241 IThR @681 @Btal Surfagk afeh Yselld¥ally within
stable 8| In the third and fourth aspect s of

bicaangn from Pt o r@v{&@r@fn@bbﬁpp@ 0£05 to @Y% ige pr@er@bly

h to:he suppor.t
TR 08 22D 6 TR GHS g B BB B30 55 bR By
¢iord.0X toT0 R, SwaRAsTE preférkbl ‘ri)liﬂﬁn 005 t¥is Sk Nghd lﬁo%referably
bound bg}any theory it is believed that this fu

deruiPo i 3 nbre offthe Wéallzsf’rfg Hrine chesgisprptisn mamnela@ltaﬁlpm%t s

R O Rl R0 i o
bitlme&ecbﬁhd:di‘a/@@péﬂ\_@éhdsén fiPant ufedidlthe cﬁeﬂﬁs&ﬂt’ié’fﬁhk&ﬂreﬁ{ents

these precursors and their subsequent conversion that
adrothscnly erpefah atomg@palgp@g:&@ strtface3 @oﬁseqa«antkyanguey dispersion

gﬁ(ln%sbl:nél%% Sglig da[rtgqles Wi H%?é&lo L) Ceﬁi G Vsiwptg}{)eg?lgg i}‘?etssurface
BOr M@ly?l@%é ST e REbhERRRPRY (kB84 with ﬁl%l)eljsf%n & he preferred

as ects of the present invention when reference is
difer qes¢ratinipgimetal Simpbltswntes by uging hidrbgs ashactdmisorption

g}%ie)? glgozecuge I%I}dieangh g[?(?lgl%b @gﬁﬁ{ﬁnls gé OWﬁrﬁlrees'agml%,ls held at
8 R athRIT A0 EndBSE-pBineiseMhaRh YwhR PrRfurt €83 ween30 and 400
torr) is obtained using H, as the chemisorption probe molecule. The linear portion of
this isotherm is extrapolated to zero pressure to obtain the total quantity of hydrogen
chemisorbed; this is the combined dispersion. The sample is then evacuated at 40°C
to remove any weakly adsorbed hydrogen and the titration repeated to determine
what is referred to as weak adsorption isotherm. The linear portion of this weak
adsorption isotherm is extrapolated to zero pressure to obtain the quantity of weakly
chemisorbed hydrogen. Subtraction of these two values for combined dispersion and
weak dispersion yields the strongly held chemisorbed quantity. Thus this method

provides values for the total metal dispersion, the dispersion due to weakly
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[088] Chem sorption neasurenents are commonly used to
estimate the size of supported netal catalysts and

woreioal4zer f ace area. The general nethod for neRGI/EP2993/012884

nmetal surface area by chem sorption is described in J.
Lemaitre et al . "Characterization of Heterogenous
Catal ysts", edi ted by Francis Del anney, Marcel 10
Délﬁmeqoerm@ck aifd digdgrsiop gue ®1strodgY. ch¥misotbetl dlydrvgeral The

e SNy
eI M mafriitgﬁ‘ﬂop afd Pefb@nel til/Gtal \égé}m h gi%u%'é ggo%ﬁcgeg f)ée

fromO 05 to g, hore prefera
re2segl, orethe totaiorhemproefedpadi eyantirapemdt. sphbt inew Grom@/agd arek

/ f th
D Bip iR b breor FRSRRTEI RraTemieR ragghespvirazgestiononalysts
(Lf){%cpﬁa\)@%fiﬁ rP{HﬁC an@i%tn@aﬁl{h@gt?o Ch?éﬁ{lgoq'ﬁﬁ% c%frrg)og?nt in

nmet al par nce a

celxo:sse of 20%rmnre pufedbiyrin theschFI6% @ﬁ@ frio@tfprﬁﬁﬁﬁ)%f BERBdsS of
@ bs only on metal ataqns popul ating the surface.

Yo daadiiop ipfpLHaRerHpR pnas if fxcapaPLASvsipreipiehlyan oxcess of
SSW%, F’&{re E?erf% 191&1%% € eggqofrggf’ dra% rﬁo@? r%? rﬁ)l% ?{}aé)x%gsr? of 60% are

popula surface.

raehievddo rmefembuy 0% Yor ks &f thé &ﬁalwhétbn dik}fepﬁérﬁte%es td R strongly
preferred 20 nethod for determ ning nmetal dispersion

|C§er55$0{}>§ﬁ KEMRYBIbaere pEclfermbly denios argse prshmogmatferably 50% or
?R}r cul e under hi gh vacuum static conditions as

ol 'ows. The sanple is held at a tenperature of 40C

and an 8-point isotherm (with pressures between 80 and
400 torn)_ is obtained using H2 as the chem sorption
198H e InBicdast and syppnd)asprstsrofiior pricsmmt dfventidyi the D@atlhmomplex is

d_t t btain the. .to
R e L R e
cleguRhtRtiot’s RS tRY- thd (iR niedRbRpbSitibh 8¥he bAHRIB R is
40C to renove any weakly adsor Bed hydrogen and the

peda s may ds el ée elpnde tnethpstectungtedthd ergandé eafmpidx pomay be

iSOl her The |inea rti o
B (K <BARRAPI SRR U D5 R o FaumntERLoBRE FubleD Wanep the
AeSaRHHE 1stphrt@iltﬂ§ﬁ Methbe oﬂ&@;ﬁhéﬂdﬁ 196 elv@akioVens iR @bt %ﬂ@&@val
¥drogen Subtraction of these two val ues for conbi ned
Qe

3‘?}?3?1@% ﬁhm@a@emassm@p@wgh@m aneplesistiheongtleton§lhen the
rovi des

hem sor I.t Thu t hod
953:ChsBOF Breoindet P silroai SFaiea) SIBE baplar Bsupg rout
65 ‘Ehet che\R AkdrY caAflyM Ql%@ﬂ(/%g‘@@@s ReidERAAR aé%gt%&ﬁs carried
chem sor bed hydrogen and di spersion due to strongly
ehieyridspoiditingadndigions oimhe reduced metal when the destruction is carried
out in the presence of hydrogen or other conditions that would convert the complex
to catalytically active metal. There may also be residues such as carbon residues
formed from decomposition of the organic complex. The partial decomposition is
due to variations in structure and/or composition that do not normally occur under the
drying conditions typically used in catalyst preparation methods. The changes of
structure and/or composition under the conditions of the second stage may be

detected and monitored using various analytical techniques that are well known in the
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value for the strongly chem sorbed hydrogen is an
accurate indication of netal dispersion. In many

wp@erioan4sast references the netal dispersion fi geCEEP2003/012884

provided are based on the total chem sorbed probe and
are not split into strong and weak 5 conponents. In
the present invention it is preferred that the

AL avfé)g%mafra-és@fi PEEEOSPARYs MagssRechioscepylitbpmogiavimatit mesysis,

ot} chem sor bed conponent in
g%c(grs}sqﬂgdf&g@}aﬁ’ggagﬁg?%%’re SHY5OPh excess of 25% and
nmost preferably in excess of 30% In addition total

di sger sion values in excess of 45%preferably in
sd Yﬂ'lefy:'ﬁf%etmdsenwwhsmam wdirce fExita 98 fidf déstigticand the

a0is el oo MBI Sonieranatbi o ta e S sidnged
hRlrelysis of @ed{ﬂﬁ)ﬁﬁﬂbﬁ B&hYas gﬁ réﬁﬁl@ﬁtq?/ %&? Ble%g/op%o%e or

preferably 45 % or nore and nost pre
siovler c}Eemggql athGt Ilneteflalss Otteen thesleazio ok iadyubeg ﬁlller paARl
resent. |nve organl c.conplex_ is _ 15 at |east
e EPapipH bty berbal meohich on PR siandios cFastion. ot of
WHl\éﬁ%é l‘B@ prd:fé’r%d IﬂEtho&jse\?ﬁ’Hﬁ%Eﬁl fer&i%@%?ln ﬁ}ent he
cheni cal nposi tion e organi c co 8
cedgingbn. tmfmmamehmd diecatraent v@lﬁaﬂ@ﬁn I1A ohEl embbdikehtihe
of the organic.conplex or may be due to the chem cal

RYASIYIS SIAYF CaFricd ot nghe Bresence ofByiesn; 8 thisrmbagimeny
th
L S AP pRI it ool Heelppimashe

wkd porthowt thht vehddeoate hpaht 68 aaks0aiphixas cotvched he
ete. Wien the destruction is

is.inconpl
fegaﬂ%w@ﬁ@ a?th"é raﬁngsugh gﬁfor péeamle @némmucmg qonditionsrisl thx

: ﬂr@féﬁb@b h%nd/%? CQ’; glté) atqoeree l:? exﬁglil geias,tllrc%éa all

aCtIVG as oxi

atspectsumﬂhe pmserdllmdﬁgommédhlll bﬂp@“tl@lrdetz&ﬁpésﬁﬁdipﬁgy PBhMieved by
the_ destruction is carried out I1n the presence

18?1‘0 dsohe surporigomprising Rasanicorpanpl praintevbe linferdsd eetalyzed e
;ﬁ@é@é gé%liz%l{ HsEGh rh!erﬁg teYor gfl]é c\:/ozgﬁe decérrg}%ﬁgg upg%ﬁpe

al so be resi ues sucn as car

mecespagiitidns of afe if e QpPENESSNIRS 69¢anid B8mPRE tid Rkroduced
Cg’ﬁ t;frrposul onis due to variations in structure
CIAGRES HW;?@E«?JXZF@) RocpRgor gadardie eraditins ysesed any poideof

d t al yst
thbGauco bOG O R/ RplHPRERI Ln 87 B ol BB St
regemprasioh unit ot eatslysttréscleandl T i9A%oRhvikhRITRE ML St age

cga be 30 detected and nonitored using various
FANBAsition is pelpvrddn die nrpeess off usewkdnl thk nowersion afithe fiBly or

partially decomposed organic complex to catalytically active metal is also achieved
in the same process either during the decomposition or subsequent to the
decomposition in a separate conversion stage or unit where the conditions may be
different from those of the process; such as those present in a catalyst regeneration or
recycle unit. The destruction and conversion may be achieved in subsequent catalyst
processing steps such as when the catalyst support comprising organic complex is

formulated into a final catalyst composition that may comprise one or more binders
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WO 2004/ 045767 PCT/ EP2003/ 012884 art such as
infra-red spectroscopy, nass spectroscopy,

W@ b@nwgsavi metric anal ysis, gas or liquid  PCI/EP2003/012884

chr omat ogr aphy and spectroscopy. [090] A variety of

nmet hods may be used to induce partial or ful

destruction of the 5 organic conplex. These include

@Reier etdier frsmnistns! complanenss.chighescakdiyjionaldtepe drocess conditions
al ysi I conposi ti.on such as by. the treatnent

vl?\%{ g{ﬁbeaélgéjﬁl@?rasglggl ac?r%o%%ﬂgo’b?n L WPV OB heni cal acti ve

materials. O her nmethods for inducing full or partial

deconposition include thermal nethods such as

19911 W¥hen cabairation oabyiotysis io nsedumstthe mbthodisrdhl] ar partible

referred thods with particul ar preference hein
SPRTPISHIONDT (33 WRHHE PORBIoR ARG b iRy e evill depttidm the
el 81 B8 Complox ARE e ERIMY T RiorrhdStpbBAT Bhl BlcoplIBYiiB8 profile
anteadilevated temperatare) Ryqustimg themeadrmemictrisi rhéthddsdrogen may

be omtt eii. T%sheé nmet rfods that may be  wused are those
SRSHTORARY Gkeh wth contmlled thermabdaspipesition efth grganic complex it
4 j L I - far
SERAEHIAN 2o VSRR L TR R S B
prolysiir cogditioas thabinitEDdedompeitidhtagd pail deeorgpdsatindMbe bidanic
rel afi on to all, 6 aspects of the present invention the

fempley ocegs+ihis indicaishisdrmpeatuinianaratahile thévpastal

B ARAENS 00, AR ST B SRS e
barbeletitaof filltdeeornpa@itiinds eQILE@X AliSmEREDPRASEshaWREE by infra-

the process conditions of use if the support .
ESPEFEISRRPYOE BiaHbe detsrpines 2 what poing inbe treaimedt theta tertain

' t.al: d h di ti
Fc ol Gr i S LAF S PO B eSS In P B potelils e
tengpeprioeeas s/hivhahis ostiedifag]dwiteearidcb@Pssifich Bmpetaalry slay

regeneration unit or catalyst recycle unit. It is also
Baslecierbes tha tampaFatire ferdbe pytis] dacomppsitioncor i vleayeithe totad

o e c rsi;on of the fully or
BeRiRRih ifert Db/ e SRS e Ghelsfife ll R 05 1
dedoimpesinieh Al thScade sbeRGiigdede d5edi thd @ gSAOBoRpAERIRe
ei ther during the deconposition or subsequent to the

traysrsysibeloghwhish sigetisantauanidtiesad mitragen oxidgearepraduced may
[.Li.on e i ff.erent .fromthose of
PREAGHE BORpE S el B R0 B on” Por
ohgeRgaEt coMpOInds itFYCHethe Rntperdthi o8l RHidhUS bPOOFAE removed
conversion nmay be achi eved in subseguent catal yst

precba semplest bpde suelef amindsend espscielly ainjnss centpiporgthydroxyl
&%HBJ ordniHo QLIS the %qulg{cec)émlp%und it may be the formation of new

vibration bands that appear in the infra-red spectra at between 2100-2200 cm™ and

tentatively assignable to complex carbon nitrogen species such as nitriles and
isonitriles being present in the partially decomposed organic complex. Another
method that may be used is where TGA analysis shows total weight loss of the
organic complex; temperatures below total weight loss may be selected for partial
decomposition and temperatures at or above the temperature for total weight loss

may be selected for full decomposition.
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30 fornulated into a final catal yst conposition that
may conprise one or nore binders 31 WO 2004/045767

WOEODABPZ603/ 012884 and/ or ot her fornul ated coP@EDRP2UD3012884

In these additional steps process conditions nmay be
used that result in deconposition and/or conversion.
[091] When cal cination or pyrolysis is used as the
nmet hod for full or partial 5 deconposition of the

O BB LR M350 o
18i31:3% H@donﬁj‘o@@tﬂelotrganw&ngﬂé fH%Q:ﬁlclriaﬁBn Rinfekdt@res UdOHre typically

el evat ed tenperature usi ng thernogravinetric
riesithio dee r@ngm@fs@o tg pl@@@°rcbsn@fp§ablyl fndee @50ka 6008 6ht Thel dxect

R Rl PR Qe RSO P LA OB GocpepsiifigF he

CibaiOddrh ex eQdirdd ﬁ{aswmet},gn@aﬁ fleYahse oML bEdaR Sco A
inrtial nposition and total deconpositionr o

cﬁagm ihat m@ymﬂ'f@k theateaompositivrsteinpeiatiat eStheleganic metal complex

ure range at which this partia decorrp05|t|on
938@ &k giver DG ririal Pk Bnoac KB RPY pélaﬁp@m Bf-e

tﬂ%the?qu%rdma}bﬁe e |n§ﬁ1f-ée61f Vﬁfz cé&ﬁtér-lgﬁ g%@‘@ﬂ ?Ql'ﬂe fn%tal is

required. Alternative en anal ys ra-

spieeduced oothy forin ofbyysalte Pmlﬁémbm wiksgh ;&ﬁlaMdedonmmnionlmreqh@ed
treatment that a certain 15 functjonal group_.is either
rBREHPRAT Y BN PreeBicRoE s depesitsdghstpen Jé&ﬁlﬁu@si at ¢ fanperature

Jﬁéﬂ??fe% Hof tl%ttelwﬁ%lﬁ{ﬁré W &et&ﬁﬁﬁg ’I;%B ?fg détas {l%tteo?al weight

econposition t erature may

tlesspetiad oreenié osmpleg opars. Bﬂefdﬂﬂﬂ? (ROBétve@M @D °Cd fndfpeve
the total deconposition tenperature may be sel ected

demperaiueshydieh tofad weight fass of theeegamiroeinlonoccurs. Prréerably

as_th ani c co
R O S I T S
ﬁhéré@gﬁ RaRitlcd@ba B ePItDAURRAGs ARY abBR 1BeteBefHurdSast ¥ rmined
Q@ rature for treatnent to induce partia

o ivhigntotat sreighp idse of the gaganic commeuentyrsi tPrﬁﬁagabb'elt is

DB LBTRAGRMER PV B S50 0B 6 GERBY ool

it N960°CR N eR cABinAYSH @pdltiond 69%’%% i9preddtt BRhAGH g%ofﬁﬁonem

the organi c conpound it may e formation of new 2

vqf lon atheowmise tnedslilubator ap peanseivenchef caiémaiqndmr@amdbrtdcen in
l.and . ten atlvely assj gnabl e

ween .2100- 22

- QORGP B R PSPk e EReTaFrron Hir fgsphere
Zi‘r'&l of bR ok ik %?atﬁﬁ)'sﬁlgar@ﬂl%§§l§‘5 résﬁ‘ltstﬂﬂ%o%rélbﬁkd datalytically
deconposed organi c conpl ex.
active metal such as a hydrogen or a CO contalmng atmosphere that may be and
preferably is free of oxygen. When pyrolysis is used the organic complexes may
decompose at higher temperatures than those observed under calcinations conditions.
As with calcination the temperature, under pyrolysis conditions, for partial or full
decomposition may be determined using a variety of methods of which TGA is
preferred. Preferably when partial decomposition is required under pyrolysis
conditions in an inert atmosphere or under hydrogen, the support with the organic

complex deposited thereon is pyrolysed in an inert atmosphere or under hydrogen at a

temperature that is less than the temperature as determined by TGA in an inert

33



10

15

20

25

30

met hod that may be used is where TGA anal ysis shows
total weight |loss of the organic conplex;

wao eovpesssur es bel ow total weight | oss may be sSPCBEPM™A3/012884

for partial 30 deconposition and tenperatures at or
above the tenperature for total weight loss my be
sel ected for full deconposition. 32 WO 2004/ 045767
pampsphoos Mpderdedrogenge Which tatal weighbloss obifhe ohenjrr @smix

RHES BB SR B e B B B i

oA 8 SRy Ot sl AU 18 o
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: c ihtio
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aganicecondpléheccmstialdepid6 19Eis 0ogHALIG 16 anPeudmobiHekdortd@er
onpl ex._ Angther factor may be the nature of the .
g‘@fgﬁg@}- - r@f?“ﬁ’rliég énthe hsyeen e tempanatyre under pirelyeis cendlitions in
rafly . kL al .
SRS o R A AR o e i

eogpltk OcORFPhEX0MEOOoBIckR b1y ws@?%br'tsswmﬂféi RehiétorRplex
tenperature that is |ess than e tenperature as

derasitad fstropyprenarolysedinmitregen\whhpdroget ala terperhture dfisss than
A000:RE TR S GRGHF Somple i R ctiineg ok pyrolysed

8 [Giftial ldessinYsitioRQeiRp Eaflik £ 1o QFRHEX 0 QSR L st isRUBEGEARS Ynsure
15 when full deconposition is required the support

hierirtial deenmepositioned the egade pospler decurh diypimally this will be for a
. Ci t that i t ove the )

RIBLOTH Pl SRR S At e BB 4 mins

wed gkt Jro®&bBf fof MRoRF &aRbe, TIPRABXHE ‘b@ﬁ&? of Elﬁi@&i{&?ﬁ{lﬁs or

it is between the tenperature at” whic ot a
lass preferably@4drogesirdessonp inest prebuatdy 12 hdur 00 BsEs. Whatefull

TR R T A
6OPTERNRNG %@Fall%b&hﬁ%’iﬁ&ﬂe&ﬁéﬁ%&‘ﬁg%ﬁf}gg O tifhe (R

When pyrolysis is used the pyrolysis e undert aken

puffigieni taensurathedy i desanpdsitie offthcorggeo canpler. an
at nosphere that also results in conversion to
catal ytically active netal such as a hydrogen or a CO

FP2LoE7 Sy Comg el 0 BB e
g oeplcairbyst pregursor according to the sixth aspect of the present invention. In a
this aspect there is provided a catalyst precursor comprising at least one support
material and at least one source of one or more catalytically active metals deposited
on the support material, wherein the source of one or more catalytically active metals
is the decomposition product of one or more metal containing organic complexes. In
this aspect the source of one or more catalytically active metals is preferably the
partially decomposed product of one or more metal containing organic complexes. In

this aspect it is also preferred that the catalyst precursor exhibits dispersion values,

when using hydrogen as the titrant, relating to the strongly chemisorbed component
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25 deconpose at higher tenperatures than those
observed under cal cinations conditions. As with

w@ 2008045167 on t he tenperature, under pyrolysis PCI/EP2003/012884

conditions, for partial or full deconposition may be
deternmned using a variety of methods of which TGA is
when partial_deconposition is

bl
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&’é‘?g?%iba(evael&}t of tire, weightf] thmomgindlcomﬂqhmokegmfeﬁébly hectains
i ex.0ccu under pyrolysis con itions in
Sp97B%, SRS Wlash s e Epebr il
ot § i BSEH1eRY
ondi T o e By MR Y ikl s qpposed
Hhat {ihredHction tampersiugtito foowm shodatalpigeatly gaﬂmeQnét@lt iﬁ ﬁh}ﬂ'ﬁi&&s of the
0C., .Preferably the supports w e
e S R S e i BHD it crdseal oo
, : n ]
0D e e R P s B b 10%
Heg%Epssetyesmqyy peaforably 14t inteveesoand iravst pie&@ampf ; S0%ii texctess of
. [ f time that 1s sufficien 0
R o MO AT DA T AT
SI06MELApORE U the praBhtGAYdnYioh ?‘la? YYF% ox?ee?xflﬁgre%zs’%:%r? eriod
of at least 20 mnutes, prefe alllby a east : re
pcardargielthe sixthl aspent ofl Brerpressnt ianhtions The bﬂﬁ@_ﬁté}bidélré;o@ mal be
. . ' |y the perjod of time is 48 hours
A1 Qo BistmE B 0 sl et Ppegs signmnisseribed inrelaion
, .deconposi tion
b RUAPLYS SEBBHLEn By eSS ook ke EBRASL Rl
red dafoe theed garde cpyplok yeeditiat, hétel stk hndlesosmags tide@Mmethods
eriod of time that is 20 sufficlent

HIORTER MY Fet ortnPEriots Affoh as barkal dseganssition of the
STeamd €dmplex and methods of drying etc.

[094] In accordance with all aspects of the present invention after partial or full
decomposition of the complex the partially decomposed or fully decomposed
complex is converted to catalytically active metal. Preferably, the conversion is
achieved via treatment of the partially or fully decomposed complex under conditions
to reduce the partially or fully decomposed complex; is the presence of a reductant

source. In preferred embodiments the reductant source is a source of hydrogen
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[ 093] The support conprising the deconposition product
of the organic conplex is a new catal yst precursor

W@ewandi7ey to the sixth aspect of the present PCT/EP2003/012884

invention. In a this aspect there is provided a
cat al yst precursor conprising at |east one support 25
material and at | east one source of one or nore
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to reduce the fu xi di ze lex to
BRSPSt it Rl sy e Poued o
fedﬁ(&hnt@’@ béhr@é@ﬂ%ﬁi,rog'éﬁraﬁdlﬁf ebett %9416(5 iigr@ ﬂe@su?e?%?lsrﬁ
even nore preferably 15%in excess st preferably
EOPEiaire f@@slsﬂ afrate phd’ @arindito ﬂlednﬁamnamntmqmpmmtwheee

Iat(;r‘ctanzi‘ttrea en 1socfon 1nuedffjo}c :Sl Purt%selp ? 1(? H(‘)jurg,lﬂ;)?efgra%i: ezs tSo 80}f10urs

and most preferably 3 to 6 hours. In the first and second aspects the exact
temperature and time are selected to ensure that under the reductant treatment any
residual partially decomposed organic complex is removed; therefore the reductant
treatment temperature is generally higher than the decomposition temperature of the

organic complex and the especially the partially decomposed organic complex.
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all other aspects of the present invention may utilize
one or nore precursors according to the sixth aspect

w@Rootkes7pT esent i nvention. The catal yst precurBOY/EP@Y3/012884

be 20 derived using the materials and conpounds and

process steps as described in relation to aspects 1

to 5 of the present invention e.g. support materials,
1

dP&nilE2 pbwHBY Alactivgsedials arefto be epilicdrtg dlif stippophdthe

f i 0on | salts and gonpounds used, nethods o
BPIEEA R oo B iR kG, S TBRHBbRS P e oo
Aavdntioh nﬁ?(b@ﬂ"@;_%itédl iRBrdek td P osiPEQR M &alGA B R cANd

nmet hods of drying etc. 25 [094] In accordahce with al

aspects of the present invention after partial or ful

PTG bl s S B %Rl Bl BRI o
GRfRIaBly H6th Y0536 isMRY SRAGHE preférahig TRt M.,ostt{@ 20 BENY gﬁ%iylﬁ&e

i's achieved via treatnment of thé partially or
decforablysfean Odiftbd:$ rufiglemore predérably f®nB0.06 do 1 @ ehite etdnanore

TR e LR e

r f 3

S804 bam e AL LBS 65T B I I umt P Ao lion mettod o
Iherdinidéshebedenbodi nent in relation to all aspects the
conversion mnmy be achieved by introduction of the

support conprising one or nore fully or partially

89 AR R B i G BTl Rt of o BRE SRR A fourn
aopucar afitepressi irsentisteandt deeorfingae ste fftnahd dioMSuisHecosf the

the conditjons present in_a catal yst regeneration or
PERSFRY IBVEHHOR mayhedisad Bee Wideryatiply of praseesss for(the gpnversion or

RE&n&! Jo%?f)ézlﬁ I9@5&%%&%&1&%}%&@%&%&%&&8'aﬁd %%gﬁ#z%rﬁ.e gh%ddition

ustng co ons an ral 'y

. abd ind@tihle PbRinedatarh Yisd first, 3600586 thied ahid foRRE agpudtsFtiostssent

are selected to ensure that the catal yst precursor is
ABYRREPR BHY D6 used 1 aWide YpTisty aEpiopessesor Hie traagmesyi of organic

j - r £ .t e rce of
EoBPOLIRY, il R ool G HSEIAR) o il A PHAGR: e
Selppasly sraslpibents gf Pagritiab; iy tide espeasadithe aoaRlBxXobhihéd from
a gas stream conprising reductant e.g. a source of
Ricpregspes dhopressnt inyentierontees #aing@e adsorhanést er abl y

from 100 to 550 C, even nore preferably from200 to

500 C, and nost preferably from 200 to 450 C. Wen the

T89B] C t3Yartiul# @iierest in the present invention is the production of Cs+ liquid
hydrocarbons from a hydrogen and carbon monoxide synthesis gas by contact of the
said gas at reaction conditions with a catalyst obtained from the processes according
to the first, second, third and fourth aspects of the present invention or according to

the fifth and sixth aspect of the present invention.

[099] Of particular interest in the present invention is the treatment of organic
compounds especially hydrocarbons in admixture with quantities of sulfur containing
compounds especially organosulfur compounds, with materials obtained from the

processes of the first, second, third and fourth aspects of the present invention or the
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conprises free hydrogen it preferably consists of from
50 to 100% by volunme of H2 15 and fromO to 50% by

wa etowoes7ef N2. The treatnment nay be carried ouPCT/RPHN3/612884

conti nuous flow of reductant e.g. source of hydrogen

and/ or CO under atnospheric pressure or under static
conditions_at el evated pressures up to 100 bar,

prtalyeof phe fifth e sin@spssis of mméeq@ﬂbmﬂmnymlord@ to gerpeife, some
%[lhﬁ gﬁh’: ¥lﬁmrq¥onq%r geinllw %021!‘1%589 gf{arag]éﬂﬁirs txoegtrgent 1sl'{ﬂ'1der the

ours
porgiat b@mlﬁoﬂsqsﬁsmmrmﬁ trog@eit andilnaANabyBisde oFﬂh?Jh@ @Hol y
from30 mns to 12 hours. In the first and secon

aspects preferably the support conpr|5|ng partially

LR RRE P by presial P oREnd: R LRGP o plbans praee

Awillexdngfier ature raised at a rate of 2 Cmn -1 to
the treatnment tenperature where reductant treatnent
is continued for a further 1 to 10 hours, preferably 2
to 8 hours 25 and nost p m h g 3 to 6 hours. In the
first and second aspect s=£he—exz8t tenperature and
time are selected to ensure that under the reductant
treatnment any residual partially deconposed organic
Esamppled a sPrepapatioh oi MEM4dr e t he reductant treat ment

tenperature is generally higher than the deconposition
tenperature of the organic conplex and the especially

r

AP bRY dPRBTRES Y S bR e Blne
deciibel batdw) whiah eotrespbedsap filxaeglet2d dffigs Batp:pxdm 55830638l he

gllcatlon is carried out in succession, e vari ous
%‘ﬁ BEREMSHGABALY DYt WRIS B8 tvasichyreRd 1O FGF
repeated in order to deposit each netal |n sequence. 5
[096] The total netal surface area is ideally within
831@ pbarnQetyltrimeathGlathindndurd QCTRIAY, hydfoxedeqrregalrad By @mt&tiﬂ@ a29

25 n2/g,. nore preferabl fromO.05 to 20 nR/g, eve
%r/e NIyt Emeshy)- fheefﬁﬁl@ybe%mlrs chiprige sefptien Withfaéwal@wgﬂe-

e y from 0. 05
1 P, Ak B A iR E EL BB 3 27 o
td&emeﬂ@da&hmsﬁlumﬁﬂ&:at‘ﬁi(ﬂ ads uediaceluaivay andy0.b@bwaasdipieded
by the chem sorption nethod as 10 herein descri bed.
Pﬂb éﬁtséll)ysts obtai ned fromthe processes of the
first, second, third and fourth

[0102] The mixture was crystallized at 100°C for 20 hours with stirring under
autogeneous pressure. The resulting product was recovered by filtration and dried in
air at ambient temperature. The product was then calcined at 540°C for one hour in
nitrogen, followed by six hours in air. The calcined product had a surface area of

1120 m*/g and the following equilibrium adsorption capacities in gram/100 grams:

HO 10.8
Cyclohexane >50
n-Hexane >50
Benzene 67
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aspects of the present invention and according to the
fifth and sixth aspect of the present invention may

wheowseteT n a wi de variety of processes for theCT/EP2003/012884

conversion or 15 organi c conpounds where a chem ca
reaction occurs and is catalyzed. In addition the
materials obtained fromthe first, second, third and
fourth aspects of the present invention rraybe used in

erpvar ro r,.th
ﬂ hepr Bﬁ‘flb% Wﬁa idepice %éﬁﬁ?@g 46f“’1§’r@’a)§‘r%>’ BH @attsrp that
Qﬁ@i_ﬁ(ﬂed V&9 BM&@ reﬁlrflvé ﬁﬂéﬁéﬁ?l lihehedd ¥ 81y ERehdq ﬁ{@&iﬂ%e? at 22.6
of inpurities; his a ication the ' materials
o%thpnéhoﬁ%ehﬁZmdﬂﬁé+buhcesses of the present

i nvention may be acting as adsorbents. [098] O
particular interest in the present invention is the

gg%ﬁﬁg g p,feﬁgﬁ;ﬁ?!ni &Méﬁ% Rydrocarbons froma hydrogen
and car s gas by contact of the
said gas at reaction conditions with a catal yst
processes according 25 to the first,

Q]tc@l ned fromthe
3 hf Sapple Qf MHMHGAOR) ¥apRliepared n aqgerdsnesswith the following
ft d t
oA 180 O PR 0B T B DR B

|n t he present invention is the treatnent of organi c

gﬁ)ﬂ g eci ally hydrocarbons in adm xture with
éé igtll W@tex,ﬁ pb&bﬁ@taltﬂm@gxylmn@@nmd@ﬁw) chloride (29

ST AR SR BTG 1 v

ﬂhtramempmnfrmtﬁmhhgammemwm ent invention or
the 37 WD 2004/ 045767 PCT/ EP20 3/0 2884 catal yst of

the fifth and six aspects of the present invention, in
Vv Q sul fur, framth
O T8 SR RS O RPe g % fire i e IEE b
bie gerto i Blessu@d) AT Hd @ﬁﬁtlﬁﬁro&’dtfv&ﬁs rddolBRell b9 HitRIM aﬁ@ Qried in
in the absence of h%h;ogen 5 [0100] The process
eHat grhisahiempaspiie.i prgdm el éhenl dalcirsdrat 660 Cofpr DB@]]Imr in

gftm%gl? af Iflg\!ﬁe(gw WX at e Pxo %hmaéldéptlﬁﬂnﬁ\ﬂgz\igh The

W#lsinpd pRAuethas B sﬂl‘fé‘déra%tr&@OWrﬁ hf¥ea PRt B0E (d GRS
bel ow, which corresponds to Enggrrp l e g&i’ of &S Pat eérﬁittb%)d

REogsn edsPriEBe) hid 8 nhoMhewialgsesinctasrellgpar t s by wei ght
- pbw) was charged to an autocl ave:

Silica 96.8 wt.%
Alumina 0.1018 wt. %
Sodium 0.0300 wt. %
Carbon 0.11 wt.%
Sorption capacities were as follows:

H,O 5.9 wt. %
Cyclohexane 53.9 wt.%
n-Hexane 44.1 wt.%
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15 83.7 pbw Cetyl trinmethyl ammoni um (CTMA) hydr oxi de
prepared by contacting a 29 w. %N N, N

wao eoonwidtyt - | - hexadecyl ammoni um chl ori de sol ut i BCT/RP1003/612884

hydroxi de- for halide exchange resin, 1.7 pbw sodium
alum nate, 41.1 pbw tetranmethylamoniumsilicate (10%
aqueous soI ut| on), and 10 5 pbw precipitated 20
f ‘ AFALIOH) ptalyst o Ruthibwivm xndVECMa41 —
CFe/R} Ie e @ OOCfor 20 hours with stirring under
ure. The resulting product was
recovered by filtration and dried in air at anbient
erature. The product was then cal cined at 540C for
ﬁ)qi g‘h soluhorgﬁramnepztrgishy cémbinogewdtlbstirgih 16.6 wi@nd 6f @itbenium

f f 1120 np/
Xﬂ@ 5] BRSPS GBI P s mB1 i emplEIDs 8al 757

S 401 R LRSS LSS o

[x20@]e Ithandaired wotrmighs ai LOACH The dataBystMid thdn wildiReddd 400°C
iffraction pattern that included a very strong
?%r tg{qe UFsp alo@ing Al Has gasuliesl im complee decampagitionesibe

2R, S el el ikt sl B0 sl ¢ ot

I\/CM41 (40A) was prepared in accordance with the

e Y a h ALbLE ? hil € 3 ,A.‘ i ‘—,
stilled vvater 35pwaetyItr|rrethyIanrmn|um
%ﬁé’-‘ chloride (29 w. % aqueous solution), 4.55 pbw
precipitated hydrated silica (Utrasil PM, 1 pbw
Tet ranmet hyl ammoni um hydr oxi de (25 wt. % aqueous) 15
HOGEP sphietion; wasprepajrsbycqoprhtining withdtiaingl BOEgfors ofGuthenium

t‘ﬁ’l‘)‘ Elﬁro%ltlntrgt% 'aﬁﬁéoﬂg sol’llrl]tgc?nr with 51.4 grams of distilled water. This
solution was added slowly to 25 grams of MCM-41 of Example 1b and dried

overnight at 100°C. The catalyst was then calcined to 400°C for three hours in
flowing air. This resulted in complete decomposition of the organic complex. The

ruthenium content was a nominal 0.5%.

Example 4 - Reduction of Metal Component of Hyvdrogenation Catalysts of

Examples 2 and 3.

[0108] The catalysts prepared in Examples 2 and 3 were activated under two sets of

conditions a) and b) as follows:
a)  Catalyst particles (10/20 mesh) were loaded into a stainless-steel catalyst basket

then installed in a 300 cm® autoclave. Metal reduction was conducted under a

continuous atmospheric hydrogen flow of ~ 100 cm® min™' at 200° C for 18 hours.
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aut ogeneous pressure. The resulting product was
recovered by filtration and dried in air at anbient

w0 espposEbUr €. The product was then cal ci ned at PGHER2003012884

one hour in nitrogen, followed by six hours in air.

The product was identified as MCM 41. The cal ci ned
product has a surface area of 903 n2/g and a pore size
(et €ratdlys qbamy:leﬁ 01(12¢ megienweaed toudpd invn) stafnl@s-Steddatale basket

Al

GBS s Igiel Tedueton venPeRNC DA Hmdsu et
cf H20 5.9 wt. %
R R R0 MM 00 3050 w0

2004/ 045767 PCT/ EP2003/ 012884 Exanpl e 2 - Preparati on
Qf Cat al yst Rut hen| um and I\/CM41 - TEA Aqueous

lt gh@% .or{er glg c#@al}g tsq{f%] R;g é’:‘% hﬁz{“ um 5 (1 I )

with 25.7 grans of
triethanolamne and 25.7 granms of distilled water.

This solution was added slowy to 25 grans of MCM 41
91 09ﬂs>(éarﬁ|ctiverti@na nfénompxi@wwiy 83ro ght gram ckGOG! wihivaded in the

i ned t 400C for th ee hours in

et iatPon-pafRed BLEPES et e dmbsbmgaaht papure a
@He thPerafirg i catedqiNBks 1166, ThM J&ﬁfﬂilé&'ﬁ/&@ﬁéaﬁéﬁ toWRe fiflal
nom nal 0.5% 10 Exarrpl e 3 - Preparation of Catalyst -

mﬁm@ﬂm tﬁmmmuwm “Limpcareichedd atvbisiotperftOe0fst théee hours. After
d nbj with stirring 16.6
gr ar%gat ﬁ%f} ﬁ%ﬁﬁ'gﬁ%ﬁp{?‘[ﬁ ?ndrﬁeta%g o useasa catalystqueous

solution with 51.4 grans of distilled water. This

[0110] (B) The chemisorption measurements were obtained under static high vacuum
conditions. After the hydrogen treatment under (A) hydro geh was then pumped off
under dynamic vacuum for 15-30 minutes at the reduction temperature indicated in
Tables 1 to 5. The temperature was lowered to 40°C and an 8-point isotherm (with
pressures between 80 and 400 torr) was obtained using H, as the chemisorption probe
molecule. The linear portion of this isotherm was extrapolated to zero pressure to
obtain the total quantity of hydrogen chemisorbed. This is shown in Tables 1 to 5 in
the column labeled % dispersion (combined). The sample was evacuated at 40°C to
remove any weakly adsorbed hydrogen and the titration repeated to determine the
weak adsorption isotherm. The linear portion of this isotherm was extrapolated to
zero pressure to obtain the quantity of weakly chemisorbed hydrogen. This is shown
in Tables 1 to 5 as the column labeled % dispersion (weak). Subtraction of these two
values yields the strongly held chemisorbed quantity and is shown in accompanying
tables below in the column labeled % dispersion (strong). All values are based on a

H/Rusurface I'atiO Of 1.
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sol ution was added slowy to 25 granms of MCM 41 of
Exanple I'b and dried overnight at 100C. The catal yst
oR®40in7 cal ci ned to 400C for three hours in PET/@RE0NE012884
air. This resulted in conplete deconposition of the
organi ¢ conpl ex. The ruthenium content was a nom na
0.5% 20 Exanple 4 - Reduction of Metal Conponent of
Eixampls ion o 9rganiofomplexn wpinprisheAh53Ru 00 KO
The c-t-lysts repated in. Exanples 2 and 3 were

AIRQA A regalion So 25 conditions a) and b)

as follows: a) Catal yst particles (10/20 nesh) were

| oaded into a stainless-steel catal yst basket then
(44 h15.60g ofsibea30PpanS. Axt ol 4y 8.D.M60mh) wedingiregmtedasith

cqnduct ed under .a ont i nuous .at nospher.i c dr n
oIS PIepRars by fineing S 16 ohfuibomie i BRvi s U V08, He3e

AR RO e g

stai nl ess-steel catal yst basket then installed in a
300 cnB autoclave. Metal reduction was conducted under
S Xa|p1g ploination of gats pEE xamplesnto 30073 at 200 C for
14 hours. 5 Exanple S. Hydrogen treatnent and
Measurenent of H chem sorption values for supported
Ru 12l ord o fRbmblAfRth € afipleds Was EAdR in(fwing air as the
Activation. Approxinmately 8 3 to 0.5 gram catal yst was
teopdeadurie was hanpedhie 6V mompe fo300%e khd helé dercme hionr 4tithati ng
dr ogen . one, at nosphere total. pressure. at 0 the,
Rbinset bis rara Rl bt bEtiadeEoRbosHE eippisdiic
e ; ; L
g g e R R S S oh P S e Dhosen
wedtaent. t his treatnment the catal yst was activated and
ready for use as a catalyst. [0110] (B) The
chem sor pti on neasurenents were obtai ned under static
RikSRPIAE UWicinhpiofi Of Chialy305f ECIhEle o 38100%Er 0gen
S 12 OnNaer Nydrogen wo en punped of f
under dynam c¢ vacuum for 15-30 m nutes at the

eduction tenperature indicated i Tables 1 to 5. The
[oa_ﬂ%gw@ ra AP T aT ATk Bl s ehets
£2%4 8% °C/min to 400°C and held at that temperature for 3 hours. This resulted in

-mas

- VA

the complete decomposition of the organic complex. A chemisorption measurement

was made on this sample after hydrogen treatment.

[0114] Table 1 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 7 and 8. This comparison shows that the highest dispersions
are obtained when the Ru-TEA on silica catalyst is calcined at 300°C, which partially
decomposes the complex. After 400°C calcination the organic complex is totally
destroyed before hydrogen treatment and it can be seen that the chemisorption values
are substantially lower and are unstable as they decrease as the reduction temperature
is increased above 250°C. The higher values in Example 7 catalyst remain stable

during reduction at 400°C.
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pressures between 80 and 400 torr) was obtai ned using
H2 as the chem sorption probe nolecule. The |inear

woooioertedf this i sothermwas extrapol ated to RET/BP2003/012884

pressure to 20 obtain the total quantity of hydrogen
chem sorbed. This is showmn in Tables 1 to 5 in the
coI urm I abeI ed % di sper Si on (corrbl ned) The sanpl e was
yEHDB e d. o Proparati a4 1810, atisineb aghinoalcohol _in
ﬁégggggg“ﬂgghhpeltltratlon repeated to determne the
sotherm The |inear portion of this
i sotherm was extrapolated to zero pressure to obtain

thelh%uant ity of weakly chem sorbed hydrogen. This is
2900grpf Filish eupport (.4= aé0mﬁg, R;Bl=dr5nml) abe Ilmpire‘gtnated with

e sion racti.on, of e.two,  va
ARG - ting a6 St Baei%tfﬁt? (%R a1
eian | um
IStgbeI eﬁa&ﬁgggggggp%%egﬁggﬁgd Q%O@ uféélle%r%e ‘based on
a HRusurface ratio of 1. 30 41 WO 2004/ 045767
par ati on of organic
AL eI, ' °Cani noal cohol
in inpr egnatl on soI ution [0111] 15 008 of silica
support (S. A= 85n2/g, P.D =50nm was inpregnated with
J031d] WA pormiop o€ pansid foyh Rkachiilg 95wdslcdlc@ied in FIBR MR as the
nitrosyl nitrate 51 50Ru), 2.23g triethanolam ne and
fempeyatien was rapwed |@/mlautet@wmndﬂmwathhmrtenpeﬁxtarqibeone

) C st o l.e 6 00C. 10

fop 3O o o oup e bEing Pert ] o R eobDraseagia Ormber. A
icherhl sowtiog nad

O S At Hcamen:

tenperature. This treatnment resulted in the parti al
| 'on of the rga' C . A fhem sor ption
AR ¥ '_,,. d : 0 OXyge e S d!lent
treat ment . 15 Exanpl e S. Calci nat| on of catal yst of
le 6 to 400C [0113] A portion of sanple from
EEQ&% Iﬁep@tlwasf thestinple foah Exmedlei S wad heattl im floeddd wigogen as

rate Cmnto and held at that tenperature
]J}ger te@pﬁr& gwaq—pﬁ@e'dg?ggﬁ{n@gtq tq 400°C and held at thertrtrtemperature for

one hour. This treatment resulted in the complete decomposition of the organic

complex. A chemisorption measurement was made on this sample after hydrogen

treatment.

[0118] Table 2 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 10 and 11. Both treatments generate a remnant of the starting
Ru-triethanolamine complex. This comparison shows that the partial decomposition
may be achieved at higher temperatures when under inert pyrolysis conditions
(absence of oxygen) to form the Ru- organic precursor that gives high dispersion as

well as when produced via oxidation.
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20 the conpl ete deconposition of the organic conpl ex.
A chem sorption neasurenent was nmade on this sanple

w@baoen431ydr ogen treatnment. [0114] Table 1 conpeCEEP100&012884

di spersion neasurenents by H chem sorption of the
catal ysts of Exanples 7 and 8. This conparison shows
that t he hi ghest di sper sions 25 are obtai ned when the
pleda. : 33 WRison Biice atithi me drainiSadditivevhi ch
partlally deconposes the conplex. After 400C
calcination the organic conplex is totally destroyed
PYjE1 30 t = -
m]sor p%%%g\q/bglsgg@m?}é gg tgtantl f@&) omer&)g%éa{eg%mh
umh:tml reepsed yemixdeg 6 68s of ashdanihen nﬁdxsyltm@dite(li‘ﬂ%ﬁfu%ﬁd £00g
is incre sed above 250C. The higher values in Exanple
7vetst aid driediag JAO°C for fonr hovs. Awhemisomsien dasurement4g@@nade on
003/012884 Exanple 9.
Ptﬁls\égng%%{e9ﬁ§&g_§g&%ﬁgﬁ

eparation o on" Si 02 usi ng am noal cohol in

i npregnation solution [0115] 25.00g of silica support
(S A— 25gmzlg P. D. /15nrr) vvas |rrpregnated vvlth 5

n!tlggé mtrate (1.5%u), "3 7lg trlethanol am ne and

ter and dried at 100C for four hours. Exanple
10. Calcination of catalyst of Exanple 9 to 275C 10
[0116] A portion of sanple from Exanple 9 was cal ci ned

i [R120]10hAi QQg ofistlica suprtest (StATREMAELR.B. ='F/ﬁlnm)avmsemtipregnated w1th
TR bt e ot N
desermasiriel an1 @fect fBF fdk Q C1ho Engplllillﬁé was th thefi Qﬁgln%a Dbt gpthe

nmeasur enent was nmade on t I's sa

ttempement wadBnfped rpC Anidilte t&g@@flcyamdnglmaattpeltyaﬁp@&ture for one
dE;(Ouf nmpl e 9 .in gxygen-free environnment Oll?]ﬁ A portion
¢

hemisration Bepemrement &a9 made op dhis sample afterduidragen
"{fetafrﬁ’&?n as the tenperature was ranped 2C/ minute to
400C and held at that tenperature for one hour. This
treatnent resulted in the conpl ete deconposition of
th anl c 20 conpl ex. A chem sorption neasuremnment
ﬁz @’ B CPFIPares I@e@ﬂqf@ﬂe%ym@by H chemizerption of the

ﬁgtlakglr% o;fa%&r}%l?mp?es 070@%%(? 3. t7dh‘?y %e cgf%{ys grrépareé‘ actordin gn %osExa)r/nple
7 in the Table is an object of this invention and has the remnant of the starting Ru-
triethanolamine complex. This comparison shows that a high initial dispersion can
be obtained on a catalyst that is simply impregnated with an aqueous solution of the
Ruthenium salt and then dried at low temperature if it is reduced at temperatures as
low as 150°C. On reduction at higher temperatures the dispersion numbers decrease
dramatically, most probably as a result of sintering. This does not happen with the

catalyst of Example 7, which remains stable at 400° C reduction temperatures. If the

aqueous salt solution of Ru is calcined first to 300° C the dispersion numbers are very

low (Example 13).
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catal ysts of Exanples 10 and 11. Both treatnents
generate a remmant of the starting 25

woeeoodgshanol am ne conpl ex. This conpari son SPOWEP1003012884

the partial deconposition nay be achi eved at hi gher

t enper atures when under inert pyrolysis conditions

(absence of oxygen) to formthe Ru- organic precursor
v

pxi dation. 30 43 WD 2004/ 045767 PCT/ EP20
éeiﬁ-ﬁl’e 12. Sanple of 0.5%Ru on Silica with no organic
additive [0119] 15.00g of silica support (S. A= 85n2/g,
P. D. =50nm) was i npregnat ed vv|t2h sol uti on prepared by
nfi0x22}916.0090f sifica ¢iiphem (SIM=85a05 PID B50%A} ®ad i
and 4. 00g 0@5 wat e?ﬁ)gnd(drl ed a,t%leOC for}four Iﬁﬁ%dmm
c%?@ﬁhogé’rfmarf@rbma@m 'é%gwf v RitoRy] nitivite (lsé%ﬁluh 0.70g L-

h 50R
T 0 W SRS O
[dEdQ} 1P CORE rkr h%hﬂs'aﬁ@ tl?e%@;ﬁﬁé&tu?eﬁw@ﬁh@é whh 4 aFéramB‘g? to

P. D. =50nm was i npregnat ed sol ution

rasRr@ gndihﬂﬂ gt tifat terrtplennirg Iﬁormnb IhOSxy A elietrigdrptidnlm b8dRtenent was
and. 4. er. and_dried at 100C for four hours. The
s‘%ﬁ‘pﬁloé” §a"Pﬁ fieahydragen Ye3tmst as the tenperature

was ranped 1 C mnute to 300C and hel d at that
tenperature for one 15 hour. A chem sorption

rmm; (TRabkerd cmparesat@e dR¥persidh nedaurBinentd bl &1 clidsRpEsh of the
tre tment. [0121] Table 3 conpares the dispersion

é}#@ﬁf@@piﬁs 7HnéﬂénB§@str<>@icmﬁ sgplen éeave athiTlly@lt of e starting
t al
accor K?le]}%x ath? ‘g’e"%%‘?[%h ) tﬁ%&%@% PR r%{ﬂ Sg%]g Qhtpingd

twhen mm‘g%ﬂher@inlﬁﬂﬂccﬁ}fbfis dhgniheRMBA tHf infph@natidd §dligbnRU-
triethanol am ne conpl ex. This conparison shows that a-

high initial dispersion can be obtained on a catalyst

t [ reanat wi th.an,aque sslti of. .
i e Pt onnd SRERANAL Bentlt By SRS St and o OTmis
chrriphnslo‘ﬁ shewts aed titdriea RRATyBL WHIE fhe@nind BWnRx 208 e 9 Rves
reduction at higher tenperatures the dispersion

fLABe dispersiongalis if directly reduced in hydrogen that is superior to the sample

where the complex is completely oxidized to remove the complex (Example 8 see

Table 1). However, the dispersion is not as good as that obtained if the organic

complex is either partially oxidized or pyrolyzed.

Example 16. Measurement of Decomposition Products of Catalyst Precursor

formed by partial oxidation of Ru-Triethanolamine complex.

[0125] A portion of the catalyst from Example 7 was heated in air at 4 deg/min and
the product gas was analyzed by a quadrupole mass spectrometer. The data is shown
in Figure 1. Figure 1 shows that a water peak is released slightly below 200°C and
then there is formation of CO,, NO; and H,O as the organic complex is completely

oxidized near to 350°C. This shows that the complex contained C, N and H. There
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25 dramatically, nost probably as a result of
sintering. This does not happen with the catalyst of

waE@aphse7, which remains stable at 400 C r edurCT/8P2003/012884

tenperatures. If the aqueous salt solution of Ruis
calcined first to 300 C the dispersion nunbers are

very |low (Exanple 13). 30 44 WO 2004/ 045767
PRY/AEPIEEB a8 &1t thicaupl wt b4 derreipad asing thinéxpBrib%nFus the

on Si. 2 using am.noacid j.n inpregnation solution
PR e eandliphor (S A- 85mD) o

P. D. =50nm was inpregnated with 5 solution prepared
by m xing 3.34g of rutheniumnitrosyl nitrate

Exabiii) 7. 10fracRed speatrgsovpge, and enough water to form

a total 10cc solution volunme. The sanple was dried at
100C for four hours and the tenperature was then

E(ﬁ%g §nd seg{q | an?aihﬁﬁ géx?ﬂﬁﬁﬂ%ﬂ)g&%lggd %?aﬁi@ @Bmglex derived from

enper at ur or one or I on neasur enent

Rasricthansamimetdnd Rusagipie wdrt also Ayslyaganinerigfie® pectrdstopy.
[0123] Table 4 conpares the_di spersion neasurenents b
Arereimatshdmehoighe materials of Exgmple oI TERcalnies Example 12 mo
14. . Bot h., [ es. | eav :

b BB S OB R ER LSR5 LAl Ml o 150
béldts SiddBadbdSpRY Hi IRIEpe@fdencditiopentitly inhaRniSidhtnedd. ITae
ani noal cohol s or aminoacids in the inpregnation
sanpies weare hestefl gn vappumie 1§81 Gberfensi the spestipivsre dpsained.
chem sorption data for Exanples 9 and 10. This

conpari son shows that the dried catalyst with the

f0N27P THO Btk @xe hbX%ATRIFE:. 9) TUE MEH shéwdaRBIstoF pahishi@nce vs.
value if directly reduced in hydrogen that is superior

eve hemberrgditee IRMadiation hEhewanshuitarics deeagseewdery the catalyst

oMol iR IS SRER ko 51O o8 g e i P,
B¢ pbdk8 Betwech NSO ERPII0D cnf OB pEixnakidy Qlidd\@fetdddiotianbd. he
oxi di zed or pyrolyzed. Exanple 16. Measur ement of

Dresenep 0f ripdonptioprfgetuiss srognd SHOGLYY crpr auesesbrn saplesdtpm
E&mﬁﬁ‘feg | aalnd % iagearte%grrt]edqg beR LféaIl{ries? ct) c%rrlxgpllgxrgd Srbon %H}lro%)éﬁ species
such as nitriles and isonitriles (see: Infrared and Raman Spectra of Inorganic and
Coordination Compounds, by K. Nakamoto, John Wiley publishers, 3rd edition,
1978; ISBN: 0-471-62979-0, pages 267-269). The peaks are absent on the starting
silica as well as on the sample prepared by aqueous impregnation of the ruthenium
complex with no amino alcohol or amino acids present. Consequently these peaks
are an indication of the remnant of the starting Ru-triethanolamine and Ru-arginine

complexes present after partial decomposition of the organic complex.

Example 18. Thermogravimetric Analysis

[0128] Figure 3 shows the air treatment TGA plot for a catalyst sample (0.5 wt% Ru
on Si0;), which had been prepared with triethanolamine as the organic compound

and dried at 100° C prior to analysis. The TGA plot shows weight loss at
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25 [0125] A portion of the catalyst from Exanple 7 was

heated in air at 4 deg/mn and the product gas was
Waprahyzd7 by a quadrupol e mass spectroneter. TRET/EP1083/012884

is shown in Figure 1. Figure 1 shows that a water

peak is released slightly bel ow 200C and then there

is formation of CO2, NO2 and H20 as the organic

empptabyres below3PDeE dhy tadosox vateremd pattial pridatoed! timpemplex

L L L B R
E! GhkRts lpétifeggcmtoﬁog%lé kPRt S8k iARIB T EAhISichsc OMmBlex.

ekperlnen condi tions used were oxidi zing
cggggtigﬂs. Exarple 17. Infra-Red spectroscopy 5
. The sanpl es contai ning,partially.deconpase
28 EuEhPIRSE (Berir VEUmEP T ARICPT &P HARE RGO Biused
7 i I a y . 5
B L R 0, RBIOHIR S IBly eh SiBfed 2 2007 C
Exanplierdis a4 TiAgnifiednt walhe Joss balawB06° C2th{sis duetayénaifart that
dry tooc) and Exanple 14 (L-arginjne, calc 258 ) vveBe
spparianal op the syRReTPd e YRRt WD RITCHEED ERPVE g@@&/ thus
nto an IR aft i ' : 1564 QB; :
il 3 B ST 2R AL Rhnde T PR R A ep
{HheampRAE Gae Wethe peitikily dedmpbSi2thanit eordpltr, vitieh Hiuxidized at
in Fig. 2. The data shows the p;l ot of transmttance

srproximeatady A2er This resulds shrwis at dhat galcingfien below the
ransmt.tance decre

PRl Rt Fl R AN B b R oo o RER AR

edmalegD! ecul ar speci es. The peaks between 1500 and

2000 cm -1 are primarily silica stretching bands. The

presence of absorption features around 2100-2200 cm

t on.sanples.from .Ex 0
RSB Piay™'s SR B8 pih B BRI e S Somple 05w
RESHI §6),), Whidh 133 prlidislyeseeABlcine@at 300°|ETHSEGA analysis
I nfrared and Raman Spectra of |norganic and 20

ﬁmeihmth partiehyrpridived prepyic Komkekasrbilty, degernpospdl ager the
ubli shers, 3rd editign, . ,1978; |1SBN. 0 -62979- 0,
E& egenz%%t%@)qon%ﬂenia%&@g}&r s GRod (8 SPfdeh,
shibingBoRSoniidns@s on the sanple prepared by aqueous
I npregnation of the ruthenium conplex with no am no

al cohol or am no acids present. Consequently these

eaks
xample 19. Preparation of 3%Zr0,/Ti0O, (anatase) support

[0131] A support consisting of >80% anatase, and with a surface area of 48m?*/g was
first slurried in a solution kept at pH 11 by addition of NH,OH. The suspension was
kept stirring for one hour at 60-70°C. The solid was then filtered and washed with a
1M solution of NH,OH to remove any excess chloride until the filtrate, when added
to a silver nitrate solution did not produce a white precipitate. Onto 20 grams sample
of this titania support, 12cc of aqueous solution containing 1.52g of ZrO(NOs),'4H,0
was impregnated to the incipient wetness point and dried overnight at 120°C. The
sample was then calcined at 450°C to form a 3%ZrO,/TiO; support. This procedure

was repeated 10 times and all the samples mixed together.
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are an indication of the remmant of the starting
Ru-tri et hanol am ne and Ru-argi nine 25 conpl exes

w@e@gomtzenf t er partial deconposition of the orPerER2003/012884

conpl ex. Exanple 18. Thernogravinetric Analysis [0128]
Figure 3 shows the air treatnment TGA plot for a

catal yst sanple (0.5 % Ru 30 on Si2), which had
been prepared with triethanol amne as the organic

% Bl

ST . : S 20 578
R@Kﬁﬁ?@@ﬂgb@ﬁZSM terrper at ures beI ow 300 C due to

| oss of water and partial oxidation of the conplex
with triethanolamne. In addition there is a further

TR B s
Golid oeiniag bOKA wEﬂe%’é’s@lv@d ﬁh%i"?%ute&?s s%'hglotn E‘?&tal o iﬁbfne to

pl ot for aS|mIar catal yst t at use
(forns anvirprRgnasionSoEpy. Thiwi iciprdgadtigr @hitinsias tb@ﬁlﬁbated to 40°C

ANt ot i il
a0YpIFRE&EHBdd 19'Exta€1/‘f»le51t9°s9£’sr heBRqGat %oyé H@S h}ééje
been renoved bel o hi's tenperature

ptdgeatmn soilmmm Bhe infhegratipowiat yareibd bhﬁ)y\/&ﬁtlgi&ht ‘W@tﬁéssl Mhe

10 t ue to the partially deconposed
iz v&as @850 afmvewlg}g e wimnogitigh as aflgg ©p ierragte] gpntent

38 2afalysKlh it BXUhbR HANENHRED1 19138 WEELEERSL AN DEloW
econposi tion tenperature i s hecessary N
eimupbefimehlsyn tecedqeed edalgsigani ¢ conpl ex. 15 [ 0130]
Figure 5 shows the hydrogen treatnent TGA for the
catal yst sanple (0.5 wt% Ru on Si02), which had

BAGWIAES] Y PRESR 6] & 1E6mAta1 379, G100k Son T AR, S

SNOWS T hdtl Me Pdar trartTy  OXTarsSeo of gatttcCompr€X—=S
fandtyse) esiabgao Q6 additios it KButidly 8F peRArddi@ehfyent
conditions at a higher tenperature (-400 C) than under
cal cination conditions. 20 Exanple 19. Preparation of

e dhr e P AR BA e T o SRR e 4

A8mR/ g was first slurried in a solution kept at pH 11
by addition of NHAOH The suspensi on was

Example 22. Preparation of 11%Co-1%Re on 3%Zr0,/TiO; ( anatase) with

DMEA post-treat on dried impregnate.

[0134] Sufficient water was added to 3.8 grams of N,N-dimethylethanolamine to
make a solution of 7 cc. This solution was impregnated by incipient wetness onto 20
grams of the 120°C-dried, impregnated material of Example 20. The sample was
dried at 120°C overnight and then calcined at 350°C for four hours. This resulted in

the complete destruction of the organic complex
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25 kept stirring for one hour at 60-70C. The solid was
then filtered and washed with a 1M sol uti on of NH4ACH

W 20080806 any excess chloride until the filtretEEPXhE02884

added to a silver nitrate solution did not produce a
white precipitate. Onto 20 granms sanple of this

tltam a suport .12cc of aqueous sol ution containing
10p < 81237 Prepqap il Yo Canklo Reronedireir O/ T, {anatase) with

: S nd dried over ni ght at 120C.
MM—W A f at 450C to forma

3%Zr 2/ Ti 2 support. This procedure was repeated 10
tines and all the sanples m xed together. 47 WO
d@wloﬁgﬁf@mnpmt%pz@ adade(dm Q8kgraEs afdl - dmethyiatipaokmionto
1% e on 3%r O2
srﬂﬂbe 3§§0?u ‘tﬂ%izl?c % ght W&%B%I?rﬁgf}ﬁrﬁdr t‘B&H’éQéW?&F%ﬁ%HO
3nél a Owe 2raas 10bf fhe f'n%fé%hé’cgd afd PRPCRG R fed s%‘ﬁbfé: of Example
contai ning 65% Re were dissolved in an ﬁ%ueou
s?dl Ehﬁ efnnpifs was ddied ot E10°@ ehdithentcelcined mt3 0iCifopfoeghars.ohis
n. tion spJution was .then heated to
3 Folt %lq Wg‘}pigﬁa?@&ﬁ)%lwé e Qrganic eFraRIgY-ut i on
of the cobalt nitrate. 20 grans of the support
described in Exanple 19 was heated to -60C and
i Enanepla dte Prepriativin of 4 @omipalddHaCo.on15%RetdnOTiO, iktile with
egnation was carried out by incipient wetness. The
R PORIETCS drigd IMpresnaifar nj ght. The conposition as
vveII as the nmetal content on catalysts in this
Exanpl e and Exanples 21 to 29 was based on the
qamﬁ] | 24t ©off 2 smppom tomisting @ >-80%utilReardediie & Surgat ateasdf.
ngan‘pl e 21. Preparation of a nom nal 11 % Co-1 %=e
olﬁ 3/ B agppnicepated Bninepical Wetead Yk 8(Ccriof Ariaquepyesdlyfion

- Roptbiay %) s So AT 0P LIBRER RS flon of

$perthenit acid265 E)l%u)pr 1e idPregragedoditionny &fhedibd&o40°Rmdane
3%Zr 2/ Ti og (anatase) with DMEA post-treat on dried

SHBI?%WaT [pmgw]lwm@a%@@wfa%ta&dlmmmwém@bglt gitrate.
P?Jﬁn%&g\g s"@a}#% 1 s c!qﬂgi:;]t%\l\%é%s Z%heg ate%batebd sample was

Idmed pt €20°Cvibt foas kot Suff Qlent water was added to 2.53 grams of N,N
methyldiethanolamine to make a solution of 4 cc. This solution was then impregnated
by incipient wetness onto 10 grams of the previously dried impregnate. This sample
was dried at 120°C and calcined at 350°C and held at that temperature 4 hours

(analysis 9.85% Co). This resulted in the complete decomposition of the organic

complex.

Example 25. Preparation of 1% ZrQ-/TiO- rutile

[0137] Onto 20 g of a support consisting of >80% rutile and with a surface area of
16m*/g a solution of 8 cc volume containing 0.497 grams of ZrO(NOs),4H,0 was
impregnated by incipient wetness. This sample was then dried at 120°C overnight

and calcined at 450°C for four hours.
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grans of the 120C-dried, inpregnated material of
Exanpl e 20. The sanple was dried at 120C over ni ght

w@pa4nesIn7 cal ci ned at 350C for four hours. Thi BCT/EP2003/012884

resulted in the conplete destruction of the organic
conpl ex 30 48 WD 2004/ 045767 PCT/ EP2003/ 012884

Exanpl e 23. Preparation of 11 % o-1 %=e on 3

%r 2/ Ti 2 (anatase) with DVEA post-treat on cal ci ned
| FRAGHNYL prefdrition B hinohhiG B 1 1425 o0 \i\@%l@:d ey tZDr(pz/"lé}lOz
gralrs O NN drmetrmyretmanorarrite Lo

snitilt with TEAGn th€soldtios sol uti on was i npregnated by

i nci pient wetness onto the a two gram sanple of the

i mpregnat ed and 350C-cal ci ned sanpl e of Exanpl e 21.

O BRTRoROEE B Bl o 54 S a%r@? o

dmm%@omu edtatdde sOILE8NbES 6@%1[11% At f
Pr epar at i or?q%fgi{a nomSnaI 119%Co, 150%%e léln i 02 ffhlsloe
QubENPdstineipient weinessi dthis smpwp@gwa then fi04B&]120%C g

Suppart, cons >O%r ile, and with a
e ol 2 bl o e b Blocisa B of s ireha ves
weipResated 4 %1&1&1‘30f"8fcc %Blu%l%ﬁ’fé%nﬁ%’llﬂ% gr&ﬁ cdbalt nitrate
containing 12.3 g of cobalt nitrate he drate and
Cheaalrydgate,fs08f grams of usélotiorodf prethehie atid (éi%d{eo 6hd3 B8 )grams of

SRR g8 sk fot i healt ik st smeset Prvoi@prior
AinfpPndfibPR f@&hiatbedl%ﬁﬁio‘h Tt @8t nit lﬂf} n‘gﬁgﬁ«ﬁt o@QVGaS
reégnat e

was carried out by incipient wetness.
g@nmde()umhs incgiri¢re gveditesd 20kds fsamplkmws dhledl a‘leOSUfof/éml g@intnd then

HEERGN Rah ol aht deedn FakbRa SLuts bmarrasre fordchovmy s
%@h%ﬁ&ﬂaﬂ’é@y%lst PeRRE @5%@1{%% pééuft h%eeé&ngﬁélgtfe%gﬁmﬁposmon

onto 10 grams of the previ ried inpre

oHitipd ergamiasompierd at 120C and cal ci ned at 350C and

hel d at that tenperature 4 hours (analysis 9.85% Co).
This resulted in the conplete deconposition of the

QL GRAPIE 27C PR Xtiord of 4B A 165% Eb &P R %% Zr0,/TiO,
IrOZI TTOZ rutite

rutile (no additive in solution or post-treatment)

[0139] 10 g of a 1%ZrO,/Ti0, (rutile) support prepared as described in Example 25
was chosen. A solution containing 5.92 g of cobalt nitrate hexahydrate and 0.114
grams of a solution of perrhenic acid (65% Re) was prepared and heated to 40°C to
facilitate dissolution of the cobalt nitrate. The support was heated to ~60°C prior to
impregnation with the solution and the impregnation was carried out by incipient
wetness. This sample was dried at 120°C overnight and then heated to 350C in air at

1 deg/min and held at this temperature for 4 hours. (Chemical analysis: 9.3%Co,
0.6%Re).
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[0137] Onto 20 g of a support consisting of >80%
rutile and with a surface area of 16n2/g a solution

wW®@R008/0¢06v0l ume cont ai ni ng 0.497 grans of PCT/EP2003/012884

Zr O NOB3) 244H20 was 30 i npregnated by incipient
wetness. This sanple was then dried at 120C over ni ght

and cal gi,ned at 450Cfor four hours 49 V\D2004/ 045767
XaIRple Cpaka y B.9%Re AR g sutilef(ng additive in

Neitial orlpc: eagn e on 10/(Zr@/T|@ rutile with TEA
in € solutl 138] Onto 20 g of a support

consi sting of >80% rutile wwth a surface area of
(]:Ig%g regnated as sol ution.of 8 cc vol une
hHEp 8 sigy &® ﬁ}%dwnbe@rlw(ﬂwp@ 741—@@ }kr;zparmb pthemntile

ang&%§ ?’gllcﬁe a@q{}%%%%d?lé%ﬁpz %ﬁjt ﬂ- QWQY%E as

tIHi¥cCanpd @9%aRe. | Npregnated, a soI ution of 8cc vol une
containing 12.25 g of cobalt nitrate 10 hexahydrate,
0.052 grams of a solution of perrhenic acid (65% Re)

3 B . n was
_u_p é- 9. Hik f 9. Co, ) D S A ?n solution.

[ npregnatl on to faC| litate di ssol ut| on of the cobalt
nitrate. The inpregnation was carried out by
i[O41Di 78/ 2 wé silies suppTHi(S. Asa i Y gyvass xﬂmpreghaa?td wHADLsolution

h d d. 350C . 1d
B PR A R oS Bl el 4 Yt fenroriii e
aethtl fmind %e@at%o@%b%o ho-mé SAR@IStHE §rﬁﬁal't@o HB6rs drying the

conpl et e deconposition of the organic conple
EXehisinperapire Pras proreasedio WPC and belid dad 1HbAr. ﬂ%@h‘ylﬁg Edeeature
ditive in solution or

e 8 FLffs. L PbSadTPCEHh b o0 e emperatre
Upéhlcbﬁbleﬁuﬂ BPins POBRRFEHe 3% %%sfog tag%lgw chﬁ'féﬁEj( fo BiRck.

was chosen. A solution Contalnlng
Aihe deiedsameple wps Ddtleeclmﬁﬂ(ﬁ)vmg 4ir byrgaaduallp fanmlﬁ@’théttblﬁpbr@fﬁlre in

P Pl TEBE o0 R SHGPCUR PPaiceh cordl

SHRROAId e emiRalcerblt ?C/]%%t@{o' Qfs5o¢ Qn@ﬁolh'f&rcﬁﬁ%ﬂ 2,HC/n%mute

with the solution and the I npregnation was carri €
k1 S(h@lapd bold fonetertesss, 2°Chihmusar0e’ Crasl fhld 65 oat hd@)C

ted to 350C t
SN&{I{I]III e% ?(R)QC 8 Ho{?iefa c?ne hO(l)lI' Thcl)s I‘eISl.Tlte%l 11r1 tﬂae complete

decomposition of the organic complex.

Example 30. Preparation of 9.9%Co-1.3%Re on Si0Q, with no additive in

solution.

[0142] 15.01 grams of a silica support (43m?/g) was impregnated to the incipient
wetness point with 8.7 ml of solution prepared by dissolving 8.28 grams cobalt
nitrate hexahydrate and 0.41 grams perrhenic acid solution (54% Re) in 3.99 grams

water. The sample was then dried at 60°C in air and calcined at 300°C in air for 1 hr.
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1 deg/mn and held at this tenperature for 4 hours.
(Chem cal analysis: 9.3% o, 0.6%Re). 30 50 WO

wWQOM40&46767 PCT/ EP2003/ 012884 Exanpl e 28. PrREEHEP1003012884

of 11.3%Co, 0.9%Re on TiQ2 rutile (no additive in

sol ution or post-treatnment) [0140] A sanple simlar to

t at ' 2! donthe
n- K B i)

y s fe analyzed as 11'3@&b and 0. 9%
%Q@ﬁ t§9f] ﬁ? f%Wajlratlon of 9.2%Co, 1.2%Re on S O

vvlth TEA in soI ution. 10 [0141] 70.01g oL S|I||ca

S ort (S.A= _50n2/ was i nmpregnated with a sol ution

dﬁg‘gﬂ @é@%swqﬁlﬁun@orgmtq Fgions a@d@avvn toatfecdttlee performance of the
60 wat er,. and tr| nol am ne

A RRRbE vkt Bt iR T ot e Gamimerit with

hiotlicsive etdGsuch énte@Y@shstoE REh LM WRIR udiNIE LR RS ijesﬁﬁ’ing from
70C and held for |l hour. The drying tenperature

ikl Tsdiction tenBaEures (0 G 400 K) A0 enktatly ooferrebtoras “Strong Metal-

I f
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gradual Iy ranmping the tenperature i'n
prdrbY edver metad ppdiclashiepasigd oo tie suppmiab]oohlng it acﬂﬂe surface

SR B8R nlorehih it ShRR tbnes oRg. e oty i pes Mets!
Sﬁﬁﬁérﬁﬁl@eﬂ%ﬂoﬁs fG%u @@\IJB%‘Meta?sC%g%)%H d},? %ggﬁ 54l ,ol d

for one hour, m nute t one
Rewster, $Hi; §ung§uCr é]ilrtlen R heJanomp béthe ArdetanfitiditadBoskty,

Iex Exanpl e 30. Preparation of
gﬂgﬁﬁég@ﬂédﬁ@ on SIA2 wth no additive in solution.
25 [0142] 15.01 grams of a silica support (43n2/g) was
i npregnated to the incipient wetness point with 8.7

(4144} Irs aiteimpn tqamﬁpanzecSMQI effesing HerdieBisdptdhan@asurements,
H hydrate and 0.41 grans perrhenic

io(?zdsuggi) qt (@?‘a Y%S‘P% nlgs 24- -Howejie grsit high temperature reduced

[450°C], passivated and partially reoxidized [at 150°C]. These samples were then

subjected to hydrogen treatment for a final reduction in the chemisorption instrument
at the low temperature of 225°C and in the presence of hydrogen before their
chemisorption properties were measured. The catalysts of Examples 29 and 30,
which are supported on silica and as such do not exhibit SMSI, were reduced in the
chemisorption apparatus at 2°C per minute to 450° C for 90 mins in the presence of
hydrogen. In all cases approximately 0.3-0.5 grams of catalyst was reduced under one

atmosphere hydrogen.

[0145] Chemisorption measurements were obtained under static high vacuum
conditions on a Quantachrome Autosorb 1A instrument. For determination of
dispersion all the samples were loaded into a chemisorption unit and the reduction
was undertaken in this unit. After reduction the hydrogen was pumped off under

dynamic vacuum for 45 minutes at the reduction temperature, the temperature was
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wat er. The sanple was then dried at 60C in air and
calcined at NOT in air for 1 hr. 30 51 WD 2004/ 045767

wWOEOABPZ603/ 012884 Exanpl e 31. Hydrogen Treat PETEPZINEI012884

Cheni sorption Procedure for the catalysts of Exanples
21-30 [0143] Strong netal -support interactl ons are
nown to affect the perforrmnce of the

QWP‘ieé (AL Epistan &peintisethpmpgrijh Bliﬁbﬂuif@élﬁt\mm 807ping 400 torr)

SRR P LEM e BeRERE b DR s

revattlatddng tHe' dhiniddinglon' @@pehivedtolremB e Qﬁ}“\ﬁ/@:ﬁ(lﬁ( £368fbed B9drogen
K) are generally referred to as "Strong M

Qg e iteaiionreraatedit detsrming KBt v vak adsorptign isptheem o tiBMRin of

B 51 RABIagiel 3o PheBisan et s e
tlﬁteﬂcgpm DttblchitesRuES to'ﬁ&@laﬁﬁéis‘ &)lv@ﬁ?igé'j q@l%Svatll?éjw%rhste@ B

upport bl ocking 'their active surface sites.
feailmhfé icobalt diﬁmslomﬁ(bawdm HfGsf srfancmtislod i). (Thbeedmdens for

t Met al Su Intera G oup 8 Nobl e
Pl QR ROt R B P AL recha spesiye ffor
H80Ginfe Qnterv@ﬁ't] fcﬁxﬁaké%e&am]tﬁh'tr diBthe 05 tﬁﬁ%lﬁ@c&i ngﬁlﬁ iven
Chem cal Society, (1978), 100(1), 1/0-5 ]g
Aemparstgreptas otuailyrediizesl. SVBI ef fecti ng the
chem sorption neasurenents, Ti02-supported catal ysts

in Exanpl es 21-23 were ex-situ high tenperature

r

o4 S Rz BRI YA b RHRA il b BA|soe o
h@qinm@mwldn’gaht BWIRI sfatw, tlee databgsts dif&duxlhble@ 19iand BO&vere dlrefctly
hem sor t on instrument 20 at the |low tenperature o
%%5@6% e ' Rhqrpigotgiem apRagatis asiydicege Abayes Bh@etsﬁ@phes were then
CHELRA" thwéhﬁlemegye?aﬁuee%g IR A% andRfal Bl RloYS] ©
of Exanp are suppor on” siPica
adsbrpt’sorslsmhem wat neehirbd bt 40M8] Suvesssive eduettsh dyBlek Nfer 180

chem n apparatus at 2C mnute to 450 C for
%HWF§§% t?‘ Hiosa a%ﬁvasw&?eéw duged- al | cases
approximately 0.3-0.5 grans of catal yst was reduced

under one 25 atnosphere hydrogen. [0145]

kAT slarTablesonthoehanisenpeoh Saley for Gt @o, Reckatidey ofSdkadples 20-
hi.gh vacuum
22 %.re indicated along with particle size values determined by transmission electron

microscopy. Where any additional reduction has occurred following the initial
reduction cycles, the maximum chemisorption values are chosen. Those skilled in the
art recognize that Re addition to supported Co catalysts lowers reduction temperature
and decreases particle size (i.e. increases dispersion). Examples 21, 22 and 23
suggest that for the aminoalcohol post-treated samples on a ZrO2 modified anatase
support, at the same Re level, there was an improved dispersion, with the better result
occurring on the dried (Example 22) rather than calcined impregnate (Example 23).
Examples 24-27 show that the aminoalcohol addition or post-treatment allows the
attainment of the same dispersion as increasing Re levels by a factor of 3 to 5 on
rutile type supports. Examples 29 and 30 show a dramatic improvement on silica

catalysts for impregnations undertaken using the process of the present invention.
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conditions on a Quantachrone Autosorb 1A instrunent.
For determ nation of dispersion all the sanples were

wo odees7o6mt o a chenmi sorption unit and the redurtT/BP2088012884

was undertaken in this unit. After reduction the

hydr ogen was punped off under dynam c vacuum for 45
m nutes at the reduction tenperature, the tenperature
was 52 WD 2004/ 045767 PCT/ EP2003/012884 |owered to

a d3 B Poi Nt .i sotherm (with pressures between 80
M’ M&s—%bt ai ned. H2 was used at the
chem sorption probe nol ecul e. The sanpl e was
evacuated at the chem sorption tenperature to renove

dAlA8lEZRV yniachgrapbe df thy dratysts of Emdmples 21 iahd 2 aertompared in
repeat to termne th ak sorption i sotherm
Eigrsee) g %5) BSReEVEhio 1] ﬁ%mﬂ%st% PHsTagraph ot L gfy

. bad i . ! ! .
7 LU, 098 AR

wedls pecpases] hysstahdenl ingségnarsrewith balposidirenastinonsny KRGS of
on a HCo ,surface ratio of. 1). The reductions for

EiSRRISImAIds todhe (ppregnatiag selapem ldg caelyshwasthar cqlongtynd

I &4 Loy : Ol j ryval t

I RN ARRREBRHER i e PR (P lefo®it @ ane
ginveont paticles iperdat woriecdi@the @t paadidlys areehiciBe andtfkb46pport

Si nce hydrogen chem sorption on the silica supported

Pattigleysit ¥7ag Bacessagy to foefihe dENF hedar Agve frea SEl probat-d Onm in

t S iy ect .
L I T
ahd erergyl BRp@sivaEFEcEBs30BY SEIDS)Scﬂ’at:i@a_@c\z’cﬂIé'd%ﬁQﬁ)nﬂéachrjﬁrticle. The
reduction tenperature and the conbi ned and weak

ShupIgaTic arydepks i8the BBE speots wese thepadestified aneitheoCo or Ti

[ 1.Q ycl.es [ for 180 m.nut che .
FHEFREE THE COMMRLToPHRAET it M per TSt S Ohp b3 in
Wdiandadl @n 6igﬁ1?@6(©mﬁmmﬂﬁib@§ra¥§|dﬂﬁ§e q‘aculdy_st BEE£RpIERe2 shows
cat al ysts of exanples 20- 2 2 are indicated al ong

e Go particlee pa thy Z10x(TiDu (anaigee sippprikdllbyingr possireatgienirof the

. j er.e_an ddi.ti onal reduct.i o
B8 S A g R Y B b B B
ke tHEREMMIA hikediss @ideé vas excall g ontrast BAOEMthe WS support
skilled in the art recognize that Re addition to

paistes beepuspolthe dargedisferapapingheis tlativesizes.avge tat Redevels in

TP SREET TR Sh8 e wlEE R e wion o
&}?oﬁb@ Corbatytslehers ré@ftioh tadceAut a8 e R8s farkbR3ize (ie

13
nodi fi ed anatase
increases dispersion). In both cases the samples were reduced at 450°C for 4 hours

and then inertly transferred into the microscope without any intervening air exposure.
The TEM data shows that post-treat of the dried Co, Re impregnate with DMEA
increases the dispersion dramatically (i.e. the cobalt particles are much smaller
(typically ~5nm) and there is a more uniform nanoscale distribution of the cobalt in

the catalyst.

[0149] The TEM micrographs of the catalysts of Examples 24 is provided in Figure

10 along with a histogram showing the particle size distribution for the Co metal on
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support, at the sanme Re level, there was an inproved
di spersion, with the better result occurring on the

waleioed47EXanpl e 22) rat her than cal ci ned i npr eRCHER2003/012884

(Exanpl e 23). Exanples 24-27 show that the

am noal cohol addition or post-treatnment allows the
ti:;t ai nnent__of _the sane dispersion as increasing Re
I

g 8ypopy ThefRM shows regagleibty Siengistabutioner tlyqfeo metal particles
SHPRA&H or@ﬁﬁ'ﬁ?é ﬁiﬁto%%rr?&%véqmﬁq}?es]e g'an ﬁeg?lg\é%aa{nleghgartlcle size

I mprov nt on si catal yst's

widppioakeaelypnigwith e ntx(a@atictf sitd\6f d%gx htely\6aRAI ON.
53 WO 2004/ 045767 PCT/ EP2003/ 012884 anpl e 32. TEM

anal ysis [01481 TEM m crographs of the catal ysts of

22 are conpared in 5 Figures 6(a) and
% 1§§3Z§1\§1‘§ % Figure 6(a) the m crograph of
cat al yst of Exarrpl e 21 shows the Co particles on the

Zr02/ Ti 2 (anat ase support). The catal yst was
AU d@@h@t@f&amwpﬂmﬁrz@gd aBivome wwdldmtetoby SIMS and the results

B e Rl t Fivy P Rpitivah: ThR e hitaBemptt fetonto bea
|_ f&
e e i e
gathe sphadier patrtlclos des canced @tvattyemiﬂoﬂn @istrtartion @i esbaaﬂmlﬂgonly
RS BB LB SESuSTREY 16, i
Qioﬂﬁi%%)ﬁ%d a&!@ﬁmﬁ% \A;ﬁ?e%erﬁ‘?%etnh% %ﬂo&g tﬂ Z%j&mcgntrated on the
es h t

sel ected partic

diutsirisr o ithesuppertt ﬂ“hscmmpa(iﬁﬁf‘shodaﬂ&t WHSugmltilﬁﬁﬁcﬁﬂoﬁ th@Process
cle..The acteristic x-ray peaks in the

h t h
@%@1 g{?{’{ vEHion af h%fi‘ tﬁr &Ra110; Ayl ggicrpscals h%@?geeél%m rgspegof

(@@ER88dn isihprdvRaparticles identified in this inage

ranged from-10nmto -19nmin diameter. In Figure

6(b) the TEM m crograph of the catal yst of Exanple 22
Co artlcl es.on the Zr02/T|02 (anat ase

; i fLesting: FischersTronschof the dri ed

i mpregnat e vvlth d| nmet hyl et hanol am ne, cal cination,

reduction and inert transfer into the TEM In this

¢@d] Catndysetessveex paffdraret it o dbwaSlowofketawid reieorCaHa g™
wpor;ﬁ particl es because of the | argg di fference
UPPHET D slainkess steckieacter quanhédﬁl’«?alt%ﬁém anecouple-welt im the
£ art )
‘rég{g%]gﬁlﬁ;zegh%@tc &%ge_g%g%tou suppo?L\pheé C% Pafta e pight

Itlmmoeowpkd e theaBadi@npere aalwrae@a@a eetfietsemheRaiddrC Mee
Si i ncreases di spersion). In both cases the
gﬁﬁeég thecatalyst ginssliuant bed positigreddetiweanghe top and bottom

thermocouples was 23 mL. The reactor vessel was sleeved in a 2.5” diameter

aluminum or brass cylindrical block to provide better heat distribution. Feed gas was
fed to the catalyst bed through a 0.125” pre-heat tube housed in the brass or
aluminum block to the feed introduction point at the top of the reactor. The reactor
was heated by an infrared furnace and by a resistive auxiliary heater installed at the
bottom of the brass (or aluminum) block. The latter was installed to ensure
isothermal bed conditions. The catalyst bed was held in place by stainless steel filter

discs both on the bottom and the top. In order to reduce the temperature spread in the
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and then inertly transferred into the m croscope
W t hout any intervening air exposure. 25 The TEM dat a

W@ hee437bmt post-treat of the dried Co, Re i npPERP1083/012884

with DMEA increases the dispersion dramatically (i.e
the cobalt particles are much smaller (typically
-5n there is a npre uniform nanoscal e

@ﬁt EEF? Y IfngtiteexpeaeRts, the catﬁlystc?msailﬂy@d Wlﬂosmﬂmmslzed

Gf at ts of es 24 1s
‘F’?‘ 2 S o ARG S st OBt o K et @fﬂ@w ng
ttlam tiré-gpreadinaie chts §t|b|@&bt PRcHeRTréfieh Q&xdﬁ% 3t
ue D004/ 02%7%7%&/ o ot DiScHRTron support. 2Pipicay 3 to

The ﬁmrk%?dwlp@r@@me off the cathlyst ted veds cahela@d avetvadighted
tgaﬁ:r ggl ?ﬁ wg h fa%yo&) r}é%ﬁrsg glilcr Elétlhf 1 o gup Sggr?e\gﬁe&tggge and

par fiave

mprp@mtwﬁl ¥t t@mﬁbstqﬂatfféfﬂlaﬁamhmlﬁ%tal ﬁ%ﬁn&lo ﬁe%nes Feed
approxi mately 16 nm 5 Exanple

[componenthwereandividually fed tE)oaglpBecwkﬁ masnﬂoﬁ/&omokbers and were

SM5S and the results are shown in Figures
%\(@kg&% @’Ees%s&:t ively. The catal yst of Exanple 22 is

seen to be a 30- 40 mcron agglonerated particle
consi sting of smaller particles grouped together. 10
B 52h ehmmpice]rﬁmmed ckpsinome aparoximstely V@ofcatilyst Sra8diluted

|
St as 20t wilimeend ShadvcORto s foopie. b syt tosm was
FRIEBA B 280w WRES I'(‘45(f5starﬂi‘3fd lﬁfﬁ]?gﬁ & ?W@{ %n‘f&%h% Ee%qperature

present invention, shows concentr
dudeq &éat@fratertef 1§®/pxpn rahd ha]kiug thefipalrtempérattbofos Sthiat The

TN A WAV

e P
& ngn wamerater (ﬂGrcnnwbrsmn vasl adyostbd by\lclﬁawgﬁig thefbel R Qthich
| D_stai nl ess steel reactor bod

k’?‘g 3 C?P’T?Bg' Wetsﬁélrlﬁﬁ}é‘é iRy wepge Yelogife or @ﬁﬁitVe rGH$Hels
T e T S s
baltm H?la'tngdallaasis €er donférsidntwas tnntui@ied of a sifhiar levell (WB®/eerh 50

fg@fﬁaﬁg l %ts"ﬁ g};elﬂgggi B%leg’tla&z{vtﬂlz %%fe_h% bt;g}e\cl\gsg g@c:nggntlonal
YASSE) PRy SLARYEY ohDoR P02 and i TR bn Si02 support, prepared
according to the present invention. In Figure 9 the initial catalytic activity of base-
case - Example 28 (11%Co, 1%Re/TiO; (rutile), with no aminoalcohol treatment),
Example 24 (11%Co, 0.15%Re/Ti0; (rutile), MDEA post-treatment) and Example
29 (9.9%Co-1.3%Re on SiO, with TEA in solution). The data in Figure 9 clearly
demonstrates that high activity stable Fischer-Tropsch catalysts can be made using
the process of the present invention. Example 24 has only 15% of the thenium of
Example 28 the base case but has comparable performance under FT conditions.

Example 29 is significantly superior to the base case in performance under FT

conditions.
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better heat distribution. Feed gas was fed to the

W@ 2100al0y567 bed t hrough a 0. 125" pre-heat tube hPCEEP20031012884

the brass or alum num block to the feed introduction
point at the top of the reactor. The reactor was
heat ed b an infrared furnace and by a resistive
pla35. Prepnratianefi200p NijAb apiaratien br ass

(or alunlnun) block. The latter was installed to
ensure 30 isothermal bed conditions. The catal yst bed
ViOE53) e0krhitls BE REGnINe Shad Brss Akt b 5t
bot hj]or?cgtrhe bott om an%ﬁat he top ﬁtdr:} olr%grlr?%eﬁgé Eoggng/g,
tveaspmpragnated b insadentrwetimss wih l\lﬂ: Qﬂﬂﬂd@é&iﬁﬂqpregnanon solution

EP20 012884 at al yst hed during kin
SBaPTeAr S & o e s S ahudratn s BORE GRS FA2086) Gre
ShinBh w&t&rcqrzedsa@@sbo% £ bty t O ca al yst volunme
rati o of approx. 8:1. The axial tenperature-spread in
the catal yst bed at Fischer-Tropsch condition was

10 K.. The, average tenperature of the
T grﬁgégptlng factor for the first and |ast
pl e zones (entrance and exit points) was set
to one-half of that of the internal thernocouple

iﬁ&%ﬁ Feed conponents were individually fed through
<0, 5as of tgipraBg grede &ﬂm%ﬁ&ﬂw@ a prface hisd ob&9bme /g,

: ed experi nent
YRS bl eh ey inklbidhy WREA b 1 X B8 o R RS el Rlgtion 1
solufldn odntaiaingPe. Sod e 6biadl gﬁfhté lﬁHx@h{rd}Qter gt Béing BAEd at 120° C
catal yst then was reduced in a flow of H2 %

Se3amigwaL enimpyegapted t@ingpaenh yeingsswith atlRd qcem‘pa raquemue

f hol di e fi
FuAI0FBhind 7Ok SnSor TR EE. ERE b ven
ticed BOQ0P G dvieaidéHl @ndHthen RUlcineddE35(PCNBR4 REurs YMidee BleSe
gas_ 15 (H2/ CO -=2. 1g% pressure and, finally, brought up

P?PCEWSHE%PT@&W@ pEp ber oas fulppdecpmppsed  1C/ mi n ranp

rate. CO conversion was adjusted by changi ng the feed

flow, which later is comonly expressed in Gas Hourly

fNasE THe ipérkivns 6F Nﬁﬂ@\!ata@s‘@\ﬁf Eﬁamgf‘eﬁ BHegy §§w§§ @&gﬁlﬂed via

vol une of gas (at 70 F, atm feed per vol une of

aaydogen cfwemsorntmteclmmen Ghardsultsome progiledon Teblsi7ofhesas
and 809 .

FERUEE oL aBnatly ot er Sy WHET e VLIS foponhed g the

psessoi R freavantitdnal catal yst) and two catal ysts,
one on Ti02 and the other on Si Q2 support, prepared

Table 7
Sample Treatment Hydrogen
chemisorption
H/Ni in %
Ni/ALLO;
Example 35 No post-treat nor additions to 8.3
impregnation solution
Example 36 | N, N dimethylethanolamine post-treat 11.6
dried impregnate/oxidize
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according to the present invention. In Figure 9 the
initial catalytic activity of base- case - Exanple 28

W@ 1% 0er7671%Re/ Ti 02 (rutile), with no am noal coPGI/EP2003/012884

treatnment), Exanple 24 (11 %o, 0.15%e/ Ti 2

(rutile), MDEA post-treatnent) and Exanple 25 29
(9.9%0-1.3%e on Si02 with TEA in solution). The data
F| gu e 9 cl earIy dermnstrates that high activity
ample 3 : D. 0% paggitixe olution
t he process of the present |nvent| on. Exanpl e 24 has
only 15% of the rhenium of Exanple 28 the base case
[01t56h 35.02 @rgnay it siliqesup poriestae/ ¢y s imbregfifdid the Moipient
Exanple 29 s significant|ly superior to the base case
Wﬁtnﬁésr PR eolubepspreparedby dissalvingdi<9 ssgnsywickel nitrate

SRS 0417 PO ZORE B o0 S0 A

oaleined af 3308€ o flowihgiaf@de2 ganma A1203 with a surface
area of 190 m2 /g, was inpregnated by incipient
wetness with 12cc of an aqueous inpregnation solution

ﬂﬁ%ﬁaﬁﬁfoﬁtwlm}g§ Exanpl e 36. Pr epar atl on of
209N /AThO3 Wi th DVEA post-treat on dried inpregnate
10 [0154] 20 grans of reform ng grade ganma A1203 with

Fhr% L:i(z ﬁ gr\?&‘rg%esao gl;sﬂéa%%ﬁl%_of @gh‘bég\ﬁgfﬁs grggﬁag a& to the Ync1p1ent
WoRES POt vaith soh@hdl frephr&OR @ﬂsiHl‘ﬂﬁ%‘ 36 93 gﬁan?sf mE‘ké} %ﬁl‘at?] o

nitrate hexahydrate. ‘After being dried

Beweprd atﬁ/als 45@-grams WgWaaI@HO 70 gianes tpe@anolamhme”s“lse srantme was

0 R e Py R o et o1 PR g Bovid P it emapi was

&Hlmﬁéh AtflokAfldg Gir® e{a'uglli‘} radfffingd 1€ @efh}%rgthﬂqu i foﬁgglﬁré or

4 hours. Under these condi'tions the organic co
pratpepliol tymperdberpigers pgilla6¢n FEhetiati lsqn\eem roelse] ﬁftraNt aﬂdrtﬁe

RO Gl i 05 e e PP 1 GlBHS 1o 530°C and
lﬁtﬂ@‘féﬂﬁ@ hobr. T’ﬂﬁl; Bedmedt1eSfted" ﬁiél c%ﬁw?é?lg ls%sgrélgtg@?fe tgg organic

increase in N dispersion vvhen t he
epsiplex.t he

Example 39. Preparation of 18.0%Ni on SiO, with tea additive in the solution,

molar ratio of tea/Ni=0.25

[0158] 10.02 grams of a silica support (80m?/g) was impregnated to the incipient
wetness point with solution prepared by dissolving 10.93 grams nickel nitrate
hexahydrate in 3.87 grams water and 1.40 grams triethanolamine. The sample was
then dried in air at 60°C for and hour and at 90°C for and hour. The dried sample was
calcined in flowing air by gradually ramping the temperature in the following
protocol to temper the vigorous oxidation reaction between nickel nitrate and the

aminoalcohol: 2°C/minute to 195°C and hold for one hour, 1°C/minute to 350°C and
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process of the present invention. Table 7 Sanple
Treat nent Hydrogen chem sorption HN in % N/A1203

wEx@aPpE6B5 No post-treat nor additions to 8. 3PCT/EP2003/012884

i mpregnation solution Exanple 36 NN N
di met hyl et hanol am ne post-treat 11.6 dried

B B hE i el o th cBRfal pestogsionsef togyaanic

edmSeR2 W th no additive in the solution [0156] 15.02
grans of a silica support (80nR2/g) was inpregnated to

the incipient 5 wetness point with solution prepared
da hexahydrate-

hﬂ,]ﬂlr tﬁ;m;‘t gggpcug@d at 350C in f|0WI ng air f or 2 hr .
Eiarrplae 38. eF’r eparation of 18. 0% on Si02 with tea

additive in the solution, 10 nmolar ratio of

E2ADT £ HEed il st QT Shes et B e

[
rolnls kBRI P BP0 Pltsciflb 15 86 L el il ™
E@X‘ﬁhycg‘warm 4101 |@arhsiwaileaandwa28 'gfmmenhh@olmﬁaelﬁhé E@ﬁﬁple was

60C for and hour and at 90C for and

fish Aried ot QHC et mpr Govashd 4 Q05 Aw ot o Gie djed by was

r n _the
S AonRER B9 oA IRERAL W orberbai i e Rl
jretosekto tampémhe Vigbfoak Gxﬁlﬁﬂoﬁ Rectici BabRSdnGABR hitrate and the
20 m nut e 1.0 195C and hoI d for one hour, 1C/ mnute to
aspwealgalpl: 6wt todRE°Gharg hold fiprsone e, f@minais i 85AC and

llcl:dg(ri.r%%}%n% AR G4k tge%ﬁ*}léntf %suﬁed m thE: ngp e%ac{zestrucuo% of the organic

complex.

Example 41. Hydrogen Treatment and Chemisorption Procedure for Examples

37 to 40

[0160] Prior to chemisorption measurements the samples were reduced under 1
atmosphere hydrogen at a temperature of 450° C for 90 minutes. Chemisorption
measurements were obtained under static high vacuum conditions on a
Quantachrome Autosorb 1A instrument. The catalysts are loaded into the
chemisorption unit. Approximately 0.3-0.5 grams of catalyst are reduced under one
atmosphere hydrogen. Hydrogen was then pumped off under dynamic vacuum for 45
minutes at the reduction temperature, the temperature was lowered to 40°C and an 8
point isotherm (with pressures between 80 and 400 torr) was obtained. H, was used
as the chemisorption probe molecule. The sample was evacuated at the
chemisorption temperature to remove any weakly adsorbed hydrogen and the titration
repeated to determine the weak adsorption isotherm. Subtraction of the two isotherms

yields the strongly chemisorbed isotherm and its extrapolated intercept at 0 torr
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Exanpl e 39. Preparation of 18.0%\ on Si02 with tea
additive in the sol ution, molar ratio of tea/ N =0.25

WQ200404658] 10.02 granms of a silica support (8OPRI/BP2005612884

i npregnated to the incipient wetness point with

sol ution prepared by dissolving 10.93 grans ni ckel
nitrate, .hexahydrate in 3.8 ra wat er .and 1.40 |,
SPFRORds IR oV e LT DN e Bhexgtiademivke
disperdion® WaséPén APINDQRfac8 R0l 190C for and hour. The
dried sanple was <calcined in flfowng air by gradually
ranpi ng the tenperature in the follow ng 30 protocol

he vi gorous oxi dation_ r ti on between

S TR e A epeC B b ame BT roeupn igtaparare [for 90
: I 0 58

SO s S AL e R BT L e e
Tmpsratnediasectnaltyesdidedd Thaset dampias pdre then @esduhted]ttait the of
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1NgY teﬂ’ﬁe@ﬂﬁﬁ% ﬁ!‘P_CP’é’nggd‘Pﬂ ek pydrogen adspiptipp Asothesms
L P aareay ) ealed Beie e P R onaficiel was
hotdem gaeducederiBbe ovaindivhtetthes clentisa@ptigit epadsedr ¢ Ni
di ssol vi granms nickel nitrate hexahydrate in

gatglysty Péﬁgm&gég% ant Thg dgtashewiths dpmate meniase ihn Nhe
P i i. i our
SR i DA B O .

calcined in flowng air by gradually ranping the
rature—+n-the followng protocol to tenper the

nmo
C CIIPL;I AT

vi gorous_oxidation reaction #dedeen nickel nitrate and
t he Samplesal cqhol : 2C/ mi ndireatneent$5C and hol d| f or Stheng
hour(nof®ah nutje to 350C and hold for one houf. Thidvogen
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tenperat ure of 450 C-THor—90—tfitt Chet sofpt+-o
measur enents were obtai ned under static high vacuum
conditions on a

Example 42. Evaluation Of Sulfur Adsorption Capacities of the Materials of
Examples 37 to 40.

[0162] All four Ni-based samples of Examples 37 to 40 were evaluated for sulfur
adsorption capacities in the following manner. 8 cc's of the adsorbent were charged
to a stainless steel reaction tube (L/D of 18) which was placed in a flow-through
reaction unit heated with a tube furnace. The adsorbent was then reduced in flowing
H; (200 cc/min) at 350 °C by ramping at 2 °C/min from room temperature to 350 °C
and holding for 2 hrs. After holding at 350 °C for 2 hrs., the samples were cooled to
200 °C. A gasoline-range hydrocarbon blend containing 80 ppm sulfur as thiophene
was then introduced to the Ni-based adsorbent. The experiments were run under the

following conditions: (210 psig, 200 °C, 1 LHSV) in an up-flow mode. Sulfur
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r e NYRIQy c | (eBxamile KO; tigthapelaminedded o kalonnas (et
bei ng reduced.| I'n Ef%ﬂr?atﬁy m\éﬁl@h&gﬁﬁﬁml i B%O .
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j0063)cAS earl e den fidhEME daia@aIAIETClS BEIeN this 1 %ﬁﬁ%ﬁe %Qmeved
usi ng the process of the present invention.

@5#&3@@}%" eBhanfus caaeisnyas gresiestriar theypdsabens Of the present

h tion. 9 Q%N
A e
trixehiapslendd? difgerRhhare hnadsofeadshiecpar@ionlahd/ard 211 @i‘%ﬁpérﬁ)r toa
42. Evaluation O Sul fur Adsorption Capacities of

90HI0dG prgpayedvithout any dispersant.

Example 43. Determination of the decomposition temperature for various
organic complexes.

A number of supported organic complexes derived from various metals and nitrogen
containing compounds and deposited on either silica of alumina were subjected to air
treatment TGA and the decomposition profile for each determined. The TGA data is
presented in Figure 11 where TEA is triethanolamine, arg is L-arginine, and

arg(TPA-CI2) is arginine complex with tetramine Pt dichloride as Pt salt.
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PCT/ EP2003/ 012884 CLAIMS 1. A process for the
OBAWNISct ure of a catal yst which process conprises; a)
preparing a support having one or nore organic
conpl exes of one or 5 nore catalytically active

tal . _ . _ .
A I
t her eony) ?ﬂébaﬁiﬂlg QGOpsdrt havgng bigs @nvore brgunicecopaplétealof yne or

deconposed organic nmetal, conplexes into catalytically
active netmere caglytically ative aaetals depogited theis@hact ure of a

ve et g el o S
por oud LR P RERS 0 MR che 8P por et ek Bofploxcs

nmore cat alepbditedithete@ilahde netals to provide a porous
support with one or i )
¢) converting the one or more partially decomposed organic metal

complexes into catalytically active metal.

2. A process for the manufacture of a catalyst which process comprises;

a) treating a porous support with a compound, or salt, of one or more
catalytically active metals to provide a porous support with one or
more catalytic metal precursors deposited thereon,

b) treating the support with one or more catalytic metal precursors
deposited thereon with one or more organic compounds to form one or
more organic complexes,

c) partially decomposing the one or more organic complexes; and

d) converting the one or more partially decomposed organic metal

complexes into catalytically active metal.

3. A process according to claim 2 wherein the support with one or more
catalytic metal precursors deposited thereon of step a) is thermally treated

by calcination or pyrolysis prior to the treatment of step b).

4. A process for the manufacture of a catalyst which process comprises;
a) treating a porous support with one or more organic compounds,
b) treating the support with one or more organic compounds deposited
thereon with a compound, or salt, of one or more catalytically active
metals to form one or more organic complexes,

c) partially decomposing the one or more organic complexes; and
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nore catalytic nmetal precursors deposited thereon, 15
b) treating the support with one or nore catalytic
woredoal4ysecur sors deposited thereon with one PCT/EP2083/012884
organi ¢ conmpounds to formone or nore organic
conpl exes, c) partially deconposing the one or nore
organi c conpl exes; and d) converting the one or nore
part i al d)y cdecotimpthedne ogaorcpartdalll dec@posedpirgsnésmietad o
catal ytically. actjyve tal .. 3. .A process according to
claim?2 M@P’é}eﬁfei o %’Cﬁ%ﬁ%ﬁ“ymw Ig‘ﬁ@f‘or nor e
catal ytic netal precursors deposited thereon of step
a) is thermally treated by calcination or pyrolysis
pri ors. t A prévesy foe dtemaatufadtustodp chiplysR®hith cémpriessess f or
the manufactuyre of a catal yst which process conpri ses,
a) treabi MGAEGHPYHRUS SURRRErYIG FaTRATRd T f%fo%’reé’éﬁ?oée
compounds, g ' 2 '
o gani 0. oSaRTCABP RS pichls BRI, afloldho R Rl ThLfe or
or salt, aforonstalytic metad peatiedoyst depasiteyd thatoye 30
nmetals to formone or nore organi c conpl exes,

par ti al Pl UgatienibssrpRpTt Frih eﬂ%oromoma@ba}cggﬁwso% deposited
conpl exes .y, a0d, ﬁﬁﬁ oMo 0/ éﬂ@ Zorﬁ;%(fnﬁ?ﬁpﬂ)%%% 8Bthore
rti y np

d) converting the one or noré& pa econposed

or gani ¢ nmekgnicamylexss into catalytically active
nmetal. 5. A process for, the manufacture of _a catal yst
whi ch cOmitkhsgecompoging thegne; 9 gioge PERBIGSOBNRYSE ferfsited a
compound, tl?«{reoﬁ?'afld of one or nore catalytically
active netal's to provide a porous support with one or

nor e cadalcphvertimgethalonp beaiorshilly ddepmsist@ orgahiereesl, b)
treating the support with gne or nore catal ytic

pr ecur sor SORPESS inkQjcatilyicadlyiactiya Welghe or nore organic
conpounds to formone or nore 10 organic conpl exes,
c) fully deconposing the one or nore organi c conpl exes
deposi. t Athrocess according to claim 5 wherein the support with one or more

catalytic metal precursors deposited thereon of step a) is thermally treated

by calcination or pyrolysis prior to the treatment of step b).

7. A process for the manufacture of a catalyst which process comprises;

a) treating a porous support with one or more organic compounds,

b) treating the support with one or more organic compounds deposited
thereon with a compound, or salt, of one or more catalytically active
metals to form one or more organic complexes,

¢) fully decomposing the one or more organic complexes; and

d) converting the one or more fully decomposed organic metal

complexes into catalytically active metal.

8. A process for the manufacture of a catalyst which comprises
a) preparing a support having one or more organic complexes of one or

more catalytically active metals deposited thereon;
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t hereon; and d) converting the one or nore fully
deconposed organic netal conplexes into catalytically

wa@edswesToet al . 15 6. A process accordi ng to clBCTEB2003/012884

wherein the support with one or nore catalytic netal
precursors deposited thereon of step a) is thermally
treated by calcination or pyrolysis prior to the
treat mebit fiolly ddcompbding B che oAnpIre cxgsnicimaetal dogplexes
manuf act ure of cat al 3{ whi ch process conprises; a)
treating §365W8€§“§%§b%? wi th one or nore organic

COMPOUNGS cofNerlif kIR of hiBrHRY Aelorithdstd BfnRmERY €

or gani ¢ “‘conpoun eposited thereon with a conpound,
or salt, ebmphmenintorcataytiatlylaytivemelaly active netals
to formone or nore organic conplexes, 25 c) fully
deconposi ng the one or nore organi c conpl exes; and d)
conveyt| : i

ot al Adie(caea00mnRl A oI UG PReaTRE SR ARt ghe
pr ocesscdmersidicoranitiaaliyactive inetal caichieyst byiricatment of the
conprises 30 a) preparing a support h \fi one oy nor.e
or gani cSUPHAPICENPESHE opf ar BPre gy &r Eﬁf% X/E‘%&?H?H%e Vof e
nmetal s ' : . 69 WD 2004/ 045767

PCT/ EP2 %ﬁﬁ%%%ggﬂiyg?ﬁgﬁF&y deconposi ng the one or
nore organi c netal conpl exes deposited thereon; and c)
converting the one or, nore fully deconposed .organic
met all0. Adwpsess asclpimed ip glaim P vhespin ghegefpciant i p fpurceoly
A proceaﬁhg.mplained in any one of the preceding

cl ai ns I'n the conversion to catalytically active
netal is achieved by treatnent of the support

conprising one or nore fully or partially deconposed
or gghlileA 1%9935{5 ascglainygdiip cglirpédﬁlgqrgiﬁtﬂ_le redué/tantels a source of CO.

12. A process as claimed in claim 9 wherein the reductant is both a source of

hydrogen and CO.

13. A process as claimed in any one of claims 9 to 12 wherein the source of

reductant is provided in-situ in a catalysed process.

14. A process as claimed in any one of claims 9 to 13 wherein the source of

reductant is provided in a catalyst regeneration process.

15. A process as claimed in any one of claims 9 to 14 wherein the source of
reductant is provided in a catalyst regeneration process or catalyst recycle

process associated with a catalysed process.

16. A process as claimed in claimed in claim 1 or claim 8 wherein the one or
more organic complexes have been formed in-situ during the manufacture

or synthesis of the support.
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10 10. A process as clainmed in claim9 wherein the
reductant is a source of hydrogen. 11. A process as

w@kauoetéin claim9 wherein the reductant i s aPCGDHEPIIE3/012884

of CO 15 12. A process as clainmed in claim9 wherein
the reductant is both a source of hydrogen and CO
13. A process as clained in any one of clains 9 to 12
wher é7nAtprecesoay daineil in 2Bim é du clazmt8 wherpindke olegor more

Ll et e O SO MBREYE e SR dreat p BB Gt Jorm the
sour ce Gl et habeks 1&5@%&&@&?’1&6‘ o@wﬁﬁh%é/ Sdpp ort dunng

regeneratlon process. process as cl ai nmred

any onemafufattarens sYnthesid &f thiewpgpiort. t he sour ce of
reductant is provided in a catal yst regeneration
process or catalyst recycle process associated with a

cat alygs gq) BEAS 6 Staimt in ArPEREGI iR 20h 3 \W?éilelh@t ?@y iged

in claiml of erelnthe one or

or gani COmctrqdlaimelse tayuhé éonf the maﬂttedwstsp €al halsﬂneeng t he
manuf act ur e synthesis of the suppo

2004/ 0451P81P0mtq¢ EX*QQ}OW@E eeAPPar} ¢ u@%#%ﬁ’é%‘éfa%fe or
clalmsd};n +a|m1 or claim8 wherein the one or nore
organi c con‘p exes are forned from conponents required
to formthe conplex that have been incor porat ed into

or within the support during _nanufactu grf-i‘”d nthgﬁ
of t HE- Supspesiss accpr%g topany 08¢ 0§ the e RHMmS [ IgFR
of clai e
conpoun gpgra& c c%frﬁéé%g%dﬁl%gsﬁsot%g oﬁ%&s ﬂlﬁre &g&%% ﬁﬁiro%&gc&fﬂ ning
I ncor poe@hestiidst 0 or Wi thin the support during its
manuf acture or synthesis. 10

20. A process according to claim 19 wherein the one or more organic

nitrogen-containing compounds are amines.

21. A process according to claim 20 wherein at least one of the amines is an

aliphatic amine.

22. A process as claimed in claim 21 wherein at least one of the aliphatic

amine contains one or more hydroxyl groups.

23. A process as claimed in claim 22 wherein the amine comprises one or

more amines having hydroxyalkyl groups.
24. A process as claimed in claim 23 wherein the hydroxyalkyl groups are Cy

-Csp -hydroxyalkyl, preferably C; -Cs -hydroxyalkyl, particularly
preferably C; -C4 —hydroxyalkyl groups.
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19. A process according to any one of the preceding
clains wherein the organic conplex is derived from

W@n@®4/04576Dr € organi ¢ ni trogen containing conpPCIEB2003/612884

20. A process according to claim 19 wherein the one or
nore organi c nitrogen-containi ng conpounds are

am nes. 21. A process according to claim 20 wherein at
| east 264 podcessas cdaiined n ¢lainadd whkidahihe ihgd@s Ryl f26updare
A process, as %$ained in claim2l wherein at | east one

of the aligsiddTam Og?r?rriféo’@cﬂ}tﬂ_éﬁ teloying spupss hrdmynehyl 1-
s TR N S

the am neé co

hydr oxy a3-kydrogy-oppspyl 24d 1-Ayfroagasahystigiai med in claim
23 wherein the hydroxyal kyl groups are C1 -C50
- hydr oxyal kyl, preferably Cl -C8 -hydroxyal kyl,

parti egl - Q | k r Qups.

50 71 0 S Bh S ARt i b e B o g

as cl ai medtairing hiioge2 dorifteingicBmpFiesttnd 08 xioaé k¥bho JURURRI tri-,
are sel ec{)ed fromone or nore of the follow ng groups:
hydr oxy rigbstifnted aliphafig hydspxyaliylaminey dr oxyet hyl ,

1- hydr oxy-n-propyl, 2-hydroxy-n-propyl,

3- hydr oxy-n-propyl and 1-hydroxy-nmethyl-ethyl. 5 26. A

pr oce®3 Aprocksiagethimed &l @hifh 25whbelthe hidexieaabKy!
group containing nitrogen conpound conprises ‘one or

nmor e norfeMPriges onegyganare pf the falidysing pumines; mbihphelanime, di-

hydr oxy ] ] 7. +A process,as clained in. :

claim Zghé\}%%@gnﬁgg’h%jlﬁv ?HS%% Ry %gqﬂowyln%dﬁ:ﬁﬁfag@gwem-

or nor e etifanbhmifg bhawblagi@yirRgandBhRN-BThtam M

met hanol am ne, tri-methanol am ne, ethanol am ne,

di - et hamﬁlﬁphgl’lnq, gdi-propanolamine, dimethylethanolamine, di-
isopropylethanolamine, methyldiethanolamine, dimethylamino-2-

propanol and tri-propanolamine.

28. A process according to claim 19 wherein the organic nitrogen-containing

compound is one or more amino acids.
29. A process as claimed in claim 28 wherein the amino acid is L-arginine.

30. A process according to any one or the preceding claims wherein the

treatment to decompose the organic complex is calcination.

31. A process as claimed in claim 30 wherein the organic complex is partially
decomposed and the calcination temperature is less than the temperature,
as determined by TGA in air, at which total weight loss of the organic

complex occurs.
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et hanol am ne, but anol am ne, di-butanol am ne,
tri-butanol am ne, propanol am ne, di-propanol am ne,

walzompszbet hanol am ne, di 15 i sopropyl et hanol aPGCTIEP2003/012884

met hyl di et hanol am ne, di net hyl am no-2- propanol and
tri-propanol am ne. 28. A process according to claim19
wherein the organic nitrogen-containing conpound is
one oB2ndpeoesd asalamied sn claiin 39 whére theesieimadon teap®aure is
in claim?28 wherein the amno acid is L-argihine. 30.
A pr ocestEeR08; “pnddhe fapnstrguis at whichjeteb weightlosy ef the
wher ei n : o0 deconpose the organic

conpl ex é 8%%%@?@%??@%?£25 31. A process as clained in
claim 30 wherein the organic conplex is partially
deconposed and the cal cination tenperature is |ess

t han PheAPErpseyasclpimed imelaige 8@ mhireatthe wrepai dompdéx is fally

whi ch t ' f th i C. I

occur's. SBmEbO b Bl et BB G O RN s,
process tagperaiireTae dbtrmginad By 3EAMAeHAidA tbtaﬁwéi?hﬂioﬁkaéftﬁé‘
tenperature is between 200 C and t he tenperature at

whi ch tdzraqmiwrgmx pessigs.of the organic conpl ex
occurs. 5 33. A process as clained in claim30 wherein
the organic conplex is fully deconposed and the

cal ci BAtA pfock@meelahed B d18infl3 FheRROME chlBBation temperature is
tenmperature, as determned by TGA, at which total

wei ght |bstecegfthe tsmperstuyyant whichnphleweighiclosssof thdorgdnic Aomplex
process as cIa&T@grég cl ai m 33 wherein the cal cination

t enper atYr¥s P8 en the tenperature at which total

wei ght | oss of the organic conplex occurs and 1000C.

35. A process as clainmed in any one of clains 1 to 29
wher eBh A heocess as claimed in any one of claims 1 to 29 wherein the

decomposition is undertaken via pyrolysis.

36. A process as claimed in claim 35 wherein the organic complex is partially
decomposed and the pyrolysis temperature is less than the temperature, as
determined by TGA in an inert atmosphere or hydrogen, at which total

weight loss of the organic complex occurs.

37. A process as claimed in claim 36 wherein the pyrolysis temperature is
between 200 °C and the temperature at which total weight loss of the

- organic complex occurs.

38. A process as claimed in claim 35 wherein the organic complex is fully
decomposed and the pyrolysis temperature is at or above the temperature,
as determined by TGA in an inert atmosphere or under hydrogen, at which

total weight loss of the organic complex occurs.
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15 deconposition is undertaken via pyrolysis. 36. A

process as clained in claim35 wherein the organic
weewplexei s partially deconposed and the pyr oPGBEB2003/012884

tenperature is |l ess than the tenperature, as

determned by TGA in an inert atnosphere or hydrogen,

at which total 20 weight | oss of the organic conpl ex

occur $9. 8 procassasatassd as claina B 8wdeiain tlieepiymh’&ﬁs tehipesinie is

t he pyrql sis h%%oerature [ bet ween 200 C and the

t enper at the froeratuseat whisihgptal eieht loss pifae OFgagierogplex

conmpl ex QGaHISq 1850¢8- A process as clained in claim

35 wherein the organic conplex is fully deconposed

and the pyrolysis tenperature is at or above the

tenperature, as determned by TGA in an inert

at nos fRef PSS ASEEAMEY &t @gyme @plams & tto 29 phateiniieght

2004/ 0acire BHEL5 AR Sl R itosi O i sbbbopt comprising

cl ai med dn@ @h&r%%&nﬂ&@ﬁ@ﬂdkeﬁ fifo R¥AtAlyYEd robpper at ure
is between the tenperature at which total weight |oss

of the organl c conmplex occurs and 1000C. 5 40. A
procegs. @Eﬂoce ag%ijalmgd an one fg],a?rg? M%Z%threﬁlgthe

wherein 't eco

intr OdUQIeb@lﬂf)@Eﬁtldrh@ p%ﬁ@@l@écﬁb}ﬁlﬁffﬁéiﬁ&lbﬁ of tlfé%ﬁp}?d’rt E@ﬁﬁnsmg
organi c conplexes into a catal ysed process.

process 4§ Of marerRgais camplepeingd a catalwstsegememtlﬁﬁ process.
wherein the 10 deconposition is performed by

i ntroduction of the support conprising one or nore

Or ganiz. & prRkeee Sldimbdirfardngloy shirh€ 988 FhiRh the
process. 42. A process as clained in any one o

cl ai s Megempspitigies performiad Wyduwodussion pbtheisspmet dampristhg
by introduction of t.he support. co 15 one or
nore or gg‘ﬁ i°C mor%%rggggggopﬁfe%esam@a% gﬁ%ﬂ fF@&k&Hf%cess
process. 43. A catal yst conprising one or nore

catalytically active netals deposited on
43. A catalyst comprising one or more catalytically active metals deposited on

one or more support materials wherein the total metal dispersion is 45%
or more and the metal dispersion relating to a strongly chemisorbed

component of the total metal dispersion is 20% or greater.

44. A catalyst as claimed in claim 43 wherein the total metal dispersion is

50% or more.

45. A catalyst as claimed in claim 44 wherein the metal dispersion relating to
a strongly chemisorbed component of the total metal dispersion is 30% or

greater.

46. A catalyst precursor comprising at least one support material and at least
one source of one or more catalytically active metals deposited on the

support material, wherein the source of one or more catalytically active
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one or nore support materials wherein the total netal
di spersion is 45% or nore and the netal dispersion

WO 200aidtg7t o a strongly chem sorbed 20 conponePCT/8P20081&12884

total metal dispersion is 20%or greater. 44. A
catalyst as clained in claim43 wherein the total

nmetal dispersionis 50%or nore. 25 45. A catal yst as
cl ai med metals issthedddoripitiinprodiet oo ordh@pefictal@ontaining
relating to, a strongly chem sorbed conponent of the
total nEFEANGEAPRIEXSSon is 30% or greater. 46. A
catal yst precursor conprising at |east one support
material and at |east 30 one source of one or nore

cat al yv.i A adthlystagtdirsor et drling e plamn 46 cvherein e desorppssition
materi al, wherein the source of one or nore
cat al yt iReducyisabiained fram\irs payialdgagsmpgsition of one or more metal

PCT/ EPZ%%ﬁ{a%&eé& 'g%to&!]? exiei. t he deconposition product
of one or fror al” contarning organic conpl exes.

47. A catal yst precursor according to claim46 wherein
t he deconposition 5 product is obtained fromthe

part i 48 Aledalypiaypeursns apdording toelaimp e ond? Mhereibihe prasirsgr
organic ¢ lexes. .48, . A cat.al recursor_accordin
Dol ai aDs fregsighranies Feidhap dieRE AerRif ol of
di spersijeRiNal 198s relating to the strong di spersion
conmponent of 10 less than 1% 49. A catal yst

precursor according to claim48 wherein the dispersion

is le t 0.75% 15 50. A catalys regursor. . .
o cor 304y gD nfShFSng Weatine B PR AY HnRif i fPersicoys tes
t han 0. 5fan ®15%A catal yst precursor according to claim
50 wherein the dispersion is less than 0.25% 20 52.

A catal yst precursor according to claimb51 wherein the

. . ! 0
di spe 55! £ Qatlaﬁfstopﬁcursor according to claim 49 wherein the dispersion is less
than 0.5%.

51. A catalyst precursor according to claim 50 wherein the dispersion is less

than 0.25%.
52. A catalyst precursor according to claim 51 wherein the dispersion is 0%.

53. A catalyst precursor according to any one of claims 46 to 52 wherein the
precursor exhibits one or more infra-red absorption bands between 2100-

2200 cm’ that are not present in the pre-decomposed organic complex.

54. A catalyst precursor according to any one of claims 46 to 53 wherein the
precursor retains between 10 and 95% by weight of the weight attributed
to the pre-decomposed organic complex after drying the support with

complex formed thereon.
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53. A catal yst precursor according to any one of
clains 46 to 52 wherein the precursor exhibits one or

wWOoree0a/04316T a- r ed absor pti on bands between 2 100P@BERD0D012884

cm-1 that are not present in the pre-deconposed

organi c conplex. 54. A catalyst precursor according

to any one of clains 46 to 53 wherein the precursor

r et ai A8. AehiabshprtCuraorchcd@arizyto whniim 5% viferdih ®ctwesien RO and 75%
attributed to the pre-deconposed organi c conpl ex

after erW@lggﬁérgtﬁig‘ﬁgrt with 30 conpl ex forned

t hereon. 75 WD 2004/ 045767 PCT/ EP2003/ 012884 55. A
catal yst precursor according to claimb54 wherein

bet weéf. Alcataiykt pidursoy avlbigietd in slaire tSaiwleekin B to 60% by weight
cat al yst, precursor as clainmed in claimb55 wherein up

to 60% by 'H#&MEht 5 is retained. 57. A catal yst

precursor as clainmed in claimb56 wherein up to 50% by
weight is retained. 10 58. A catal yst precursor

accor a7ng chialyahyreansorak ctiiedih d4int $6 WlerehaiLio50% by weight
reduction tenperature to formcatal ytically active

netal frio&stRiRed precursor is in excess of the nornmal
reduction tenperature required to reduce the fully
oxi di zed netal conplex to catalytically active netal

15 5958 A cathbkymtcurE@CEEDIngas afy Gid 6 ¢ difhs abad 57 SBerein
wherein the reduction tenperature is at least 5%in
excess. Teductianiempgroteie iorfamy eafalytiepdlyactyenmatal fropl the m

59 wher gj : [ te ature id at |east .10%

'n excedrto i EUEH AR i RIRE b o Pt fERhup
pr ecur saedws thé AillyRatidifedanytalbittngdéx fohRtalRIcaNe dtRe metal.
claims wherein the catal yst support conprises silica.

62. A process or catalyst or catal yst precursor as

cl ai i j rek 25 t.he.silica s .

armor pros El R Pt aE R ed SRS KpER i ygpetion

pr ecur saempsratukr@isre thabti5 o8 Ny ex@ags. of cl ai ns

60. A catalyst precursor as claimed in claim 59 wherein the reduction

temperature id at least 10% in excess.

61. A process or catalyst or catalyst precursor as claimed in any one of the

preceding claims wherein the catalyst support comprises silica.

62. A process or catalyst or catalyst precursor as claimed in claim 61 wherein

the silica is amorphous.
63. A process or catalyst or catalyst precursor as claimed in any one of claims

1 to 62 wherein at least one of the support materials is one or more

ordered mesoporous materials.
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1 to 62 wherein at | east one of the support materials
is one or nore ordered nesoporous materials. 30 76 WD

wWQOM40&46767 PCT/ EP2003/ 012884 64. A process BCT/EP2003/012884

catal yst or catalyst precursor as clained in any one

of clains 1 to 63 wherein at |east one of the support
materials is one or nore materials that may be

synt hé4i A@doaess ercatatysh ppéatalist poesnpson asldlaiased idangoid oRrlaims

S etur sob 100 whaRi Tekt Gt HhEabBont Pipterbls g ppommore
wher ei n hb@rigR iR el b%@&&ﬁéﬁze%qgﬁ{g;ao%g@g@ﬁg? 9@5@{}@% gs

macroporous materials.” 10 66. A

or cat aldisgctipg egantsor as clained in any one of clains
1 to 65 wherein the catal yst support conprises one or
nore m xed porosity materials. 67. A process or

cat al 5§.tA%Eoc%% & c}éﬁﬂ}g?&e&%?s??r&ﬁrsgf A qBhei gjllrg&{g &% 1aims

wherein 5 the mxed porosity material contal

mesopor estoardwharcinahocaayst 68ppokt @neEESs oty orGAbRinyftogdkous
cat al yst Erecursor as clainmed in any one of the

precedi MBXE&Fns wherein at | east one of the support
materials is one or nore materials designated as M4l

S. 20 69. A process or catal yst or catal yst precursor

as cl ab.negrdcassodrabtalyEBovdaeil et preciuer sUEREH iMBiyesteaf claims
is MCM 41, 70. A process or catalyst or catalyst
pr ecur sor O£ wherpindhe ¢atalysh FuRneEt ermprises omsprpRe awkerd

cl ai ns %@&tﬁigqn%t%@upport conprises alumna. 71. A
process ‘or catalyst or catalyst precursor as clained
in claim70 wherein the support is gamma alum na. 77

67. A process or catalyst or catalyst precursor as claimed in claim 66 wherein

the mixed porosity material contains mesopores and macropores.
68. A process or catalyst or catalyst precursor as claimed in any one of the
preceding claims wherein at least one of the support materials is one or

more materials designated as M418S.

69. A process or catalyst or catalyst precursor as claimed in claim 68 wherein

the support material is MCM-41.

70. A process or catalyst or catalyst precursor as claimed in any one of the

preceding claims wherein the support comprises alumina.

71. A process or catalyst or catalyst precursor as claimed in claim 70 wherein

the support is gamma alumina.
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WO 2004/ 045767 PCT/ EP2003/ 012884 72. A process or
catal yst or catalyst precursor as clained in any one

w@booghai7os 1 to 71 wherein the support conpri SEGT/EP1003/@12884

titani um di oxi de, anatase titanium di oxi de or

m xtures thereof. 5 73. A process or catalyst or

catal yst precursor as clained in claim72 wherein the
suppor’2. Apredesy oruatabyst sesatalyst poscisor e clxiibe.in Zdy ot of claims
process tal yst, or catal yst. precursor, as_cl ai ned

in any oﬁto szﬁ i the %‘@Q&ﬁﬁ@%ﬁé&lﬁ“%@@% digrdde gpatase
or Conpot‘itﬁﬁiiuﬁfdigﬁﬁe%m‘iﬂ%ﬁﬁsg%r talytically active

netals is a salt or conpound of one or nore netals
selected fromthe follow ng groups: Goup 1 (Goup IA

such i, Na or ;. Goup 2 (Goup 11A) such as My,
Ca an 2§S$ PIRSER YT cgtag@ ?)rl,ﬁ?tﬁ?ﬁt Brecuyspy ) claimer i glaima 72 wherein

and La; ¢ Afh QYR MB): : Ti, Zr and
Hf ; G oup g&&%& oup VA, 1\1/%;{ ssuéé%{%lgﬁwgﬂ@g'and Ta; G oup
6 (Goup VIA, 15 VIB) such as C, Mo and W Goup 7

VITA.VI]|B) such as. M1, Tc, and Re; Goups 8, 9 and
(10 ( 97%% P%ﬂcrﬁﬁ ongpata}ya) OrGaEAlysh BrepRISONs, clagied @yanyrane of the

ag, ana P BB hs et o B TUGR0FROI 1
(Group Idatalytichlly yetiveaitals isGesattied compourd 6l ey Bokdmetals

(Goup IVA 1VB) such as Ge and Sn. 20 75. A process
or cat alsﬁéﬁeé%%%f%qmﬁg gepsdpronn 1d(Gapursldd)ishcleasalinNa or

74 wher g¢. f . Qr r

ot al vt oA Ty P2 FRl 124 SRTASNIY, . ¥5; GlouBSiome B

one or B suf::ﬂadqs e, Ycahg@la/jt Gepupet @:sup DORPRIE) sBEiRAd T and

r hodi um adi um coba iron, nickel, rhenium

r ut heni Lﬁﬁ? ﬁrmg) %@HOHP & A8 By pughs brNtrardsTas Karowin b (Gzoup VIA,

active 8. lys obt ai pabl.e

by the pr ozé‘%%h %fcﬁlr\@a%nﬁy b?roybafﬁéﬂﬁ,%) Slfgh %Srl()@ijr?’c?nd

75 or viRe; Cheuprss 0und 00 (Gioup WITIONEIAS suchak ¥, B8 00 CBORM,

30 77. A E\aoc;ss for_the production of C5+ |iquid

hydr oca!]]b sP428APE Growp égéﬁrouarla) gihiss K urdgoxidddu; Group

?38”“ hesiis @asupYRFQih Qé:kn;qf}ro{quS%@rcglpglﬁi, %ﬁB)r S3ELL8A and
In; and Group 14 (Group IVA, IVB) such as Ge and Sn.

75. A process or catalyst or catalyst precursor as claimed in claim 74 wherein
the salt or compound of one or more catalytically active metals is a salt or
compound of one or more of the following metals; copper, platinum,
rhodium, palladium, cobalt, iron, nickel, rhenium, ruthenium or a mixture

of two or more thereof as active metal.

76. A catalyst or adsorbent obtainable by the process of any one of claims 1 to

42 or 61 to 75 or via the precursor of any one of claims 46 to 60.

77. A process for the production of Cs+ liquid hydrocarbons from a hydrogen

and carbon monoxide synthesis gas by contact of the said gas at reaction
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WD 2004/ 045767 PCT/ EP2003/ 012884 conditions with a
catal yst, wherein the catalyst is a catal yst as

web@iumoetei n any one of clainms 43 to 45 or cl aPen/EB2003/012884

as manufactured by the process as clainmed in any one
of clains 1 to 42 or 61 to 75. 5 78. A nethod for the
removal of sulfur froma m xture conprising one or

nor e or gantlitioaowjth urdtilyan dviehan e dataldt B datdlyst as claimed in
cont ai ni ng conPounds in which nethod the mxture is
R

cont act AYWE BT SABNSHA3 tediocon ek 70T @s maghfReiuascy the process
active tal: di ﬁﬁq i ho IC pport under
such ¢ ﬁ&ﬁ@g&}}g’o aﬁgsogﬁaﬁrﬁs |i 20 %%glgér]btgzﬁb nto the

mat eri al conprising active 10 netal dispersed on an

i norgani ¢ support and wherein the material conprising

act i véSndmgtheddpnieremorl of swliipdom 2 mixtareeomitissig ens or

as manuradie PO B S gl Pliieafiafi (fanas.

of cl ai B whi¢PméiBo@ thebixt@e IHconddetedSvith one or more materials
comprising active metal dispersed on an inorganic support under such
conditions that sulfur is adsorbed onto the material comprising active
metal dispersed on an inorganic support and wherein the material
comprising active metal deposited on a support is a catalyst as claimed in
any one of claims 43 to 45 or claim 76 or as manufactured by the process

as claimed in any one of claims 1 to 42 or 61 to 75.

79



