PROCESSES FOR PREPARI NG CATALYSTS FIELD OF INVENTION 5 [0011 The present
invention relates to processes for the manufacture of supported catalysts
and in particular to processes for the manufacture of supported catal ysts
conprising one or nore active netals deposited on a support. BACKGROUND COF
THE I NVENTI ON 10 10021 Supported catal ysts, in particular supported netal

or netal oxide catalys rt...hspersions of small
netal particles on net E3 HOR PREE, i{§—€I;k:'%ifg'f‘g#-‘é[i%sed as catalytic
materials. The physical and chem cal properties of the final catalyst can
depend strongly on the preparation of the substrate prior to 15 deposition
of the netal particles, on the FHELAbOF INVENPHON: i on used and on any
subsequent treatnents of the netal/oxide system [0031 The ability to

prepare high | oaded netal catalysts that have small particle sizes (high

di sper sison) LG t g%e[g i @%&fe on the
20 suppoS?t @girfa@?&sﬁﬁ{%&ﬁﬁ%ﬁ%&gﬁﬁ?gﬁﬁ? or@%{%c{ﬁ%h ppgrted

catal ysts. damlystand inphsivais to pacésseufoatHeynariufirtira o€ supgloated eathlgbtyst s, hi ghly
| oaded netal catalysts have |arge netal particles (>10 rim that are

clust ered i§PIRSISHIG FEPT A actyie Mefals dappssfed on agppRast.cat al ytic activity of
many reactions correlates wth the nunber of available surface netal sites,
it is inportant to be able to produce catalysts with good netal 25

di spersion. Uniformty of BAMKGROUNDWFIHRINVENTKINC netal sites is also
an inportant factor and maxim zation of the inter-particle distance can

hel p tol%rovide for stable supported catalysts with reduced sintering

probl ens. réed al,catalysts are often prepar by, i nci pj ent wet ness
ipr eanat | AUOEF " SPofEd fualS St bRty SpasrbE el S Rl e ¥e s BhRI 8 ¢ nea
to form t hey@XialS%n inthe afX | IRPerdioRs b@hall ReLHGiEles b2 niPkdl bRide3MbstaRROr t ed
nmetal catalysts. 1 10041 There have been various attenpts in the art to

i nprove t heardicepwmoslyossedhs catalytic materials. The physical and chemical properties of

the final catalyst can depend strongly on the preparation of the substrate prior to
15  deposition of the metal particles, on the methods of deposition used and on any

subsequent treatments of the metal/oxide system.

[003] The ability to prepare high loaded metal catalysts that have small particle
sizes (high dispersion) and metal particles that are homogeneously distributed on the

20 support surface 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

25  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

30  supported metal catalysts.



active nmetals deposited on refractory inorganic oxide supports to produce
catalysts for use in Fischer-Tropsch processes. In particular there have
been various approaches adopted in the art to reduce the anmount or rhenium
or other group 8 5 netals required in conbination with the catalytic netal.
[0051 In WD 98/47618A, nultifunctional carboxylic acids havi ng from about 3

Ty e R et SR A e RS
prepare Fi sgiot mbiApasdsiatl &l ¥HaStorlBoR4RERIxesE s%ggéﬂ?setorﬁ%ducé léﬁkﬁiggtg” aAI

carboxylic acids include various am no acids. 1 In"WD 98/47
car bohydr at fr ose mlfgsnhsr-&rce)sm pivessseso Il:I@p@sulaethew bave bseuvaegis of

catal ytical |l Y ed after osition of e source of
Catal yti cal iprdhes ORI i arboGeRER ACT R B riRR SR aPRcfbunda by

cal ci naty onpkQis ré@ﬁrdexﬁ%ﬁbﬁiaﬁ@ﬁ'%)”im-lfﬁ@@a'iﬁ?u&ﬁa%?a'lySt s. 0~ In WO 98/47617 A,
pol yol s are co-deposited with sources of Catalytically active metal onto a

refractory netal oxide foll owed by cal ci nation to prepare Fischer- Tropsch
catal ysts 0 1In$§§li 376@%&} plaln rldum edeposmgd on a
suppor t uméﬁ—b nin Wi AT Fti“?ﬂar CIRRPX @F’(Slﬁ BYINg Hemy gyt ¢ i

catal yst is nd col. 6
i nes 53-54 ofaﬁ’%%rﬁégg%k&la?é(fgﬁ%dfg%%ﬁ} Sgé%gaﬁlf%og}glﬁﬁﬁgg{mvl% dééﬁtgll snz%ged to

i npr egnat e gfiaabal nttaLoxidefdlowedtby calciafpotd pepara FidtabeT®pschhatalysed. ate i s

then fully deconposed (col .2 |ines 36-41) [0101 In JP-A-06182208 (Patent
Abst r ackls” ofxayaplesoftee mudtifgnctignal gyboxytic 11215‘?}110 wle vagourasiencidsos) , there is

taught the production of highly dispersed netals on supports using an
am noacid such as glutamc acid as a stabilizing agent. The carrier is 2

cont act ed wooh] t ha WORYsgTE0i AGattiol ycﬂxdtetda@ﬁ%m a@thtaaobotd fp@@htetdcwm oduce the
cat al yst. cination tenperatures of 500-600 C are erred
sources of catalytically active metal or are applied after deposmon of the source of
catalytically active metal onto a refractory metal oxide followed by calcination to

15  prepare Fischer-Tropsch catalysts.

[007] In WO 98/47617 A, polyols are co-deposited with sources of catalytically
active metal onto a refractory metal oxide followed by calcination to prepare Fischer-
Tropsch catalysts.

20
[008] In US-A-3761428, platinium and iridum are deposited on a support using an
aminoalcohol solution. Activation of the resultant catalyst is for example by heating

at 520°C/4 hours (col.4 line 7 and col. 6 lines 53-54).

25 J009] InUS-A-2889287, an aminoacid solution is used to impregnate a catalytic
metal onto a support as a chelate. The chelate is then fully decomposed (col.2 lines

36-41).

010] InJP-A-06182208 (Patent Abstracts of Japan Vol. 018, No. 525 (C-1257), 5
30  October 1994), there is taught the production of highly dispersed metals on supports

using an aminoacid such as glutamic acid as a stabilizing agent. The carrier is



[0111 Journal of Chem cal Technol ogy and Bi ot echnol ogy, Vol. 29, No. 8,
1979, 5 pages 480-486 (Aboul -CGheit Ahned Kadry) teaches that

nono- et hanol ani ne may be wused as an additive to inprove distribution of

pl ati niumon alum na. The calcinated catalyst is heated in a chem sorption
furnace at 773 K (500C) for 3 hours in hydrogen. 10 10121 In US-A-4073750,

a ni ckel prec u as nic rate i s di sed rt in a
mon- aqueous  BHTERIT Gt TorEpaee ihf Hih 2uisd pbt BRELIS Sredindue SRE!

precur sor i galtRdi&empetdtully 8f S8R0 © afll SRRHSE. the nickel . [0131

US- A- 4634515 teaches that nickel on alunina catalyst, where the average 15

crystallite size of the nickel is at |east 75 Angstrom may be used as a

sul phur tr a ref.armer ed. 10141 US-A-6

met al - nodi f ﬂw%%%mwﬁ@e&ﬁ 8“%#%‘5?‘15‘“% 3\2?117 ﬁ‘gﬁ{}l%sgf feedstock
str eams s 205104 3d0- 186 [ Lodi- CheOMMANK Aty PREeS Blat BRNoTERIAARiAORa
preparati ngig? suppor ed metea 9@7}" ﬂ}? enaB l e the dlltlspe st on of
nmetal in theseflianah additios ;csmnmmvd)dlstrdmrubnof pltniu#bor Qliitiind. tThescaidmmte&f ore an
obj ect of the present jnvention to provide ocesses for manuf act ure of
support ed nﬁé\t%ws*é Hbeat 1??"%%9@%5%”%@6%2 %ﬁ@ﬁ%p)g@r ‘?‘HF in gi spersion in
the catal ysf 4,30,3 SUMVARY OF THE | NVENTI ON 10171 In the process of the
present invention it has been found that by exercising specific control
over the reagents and the preparative steps used in the preparation of 5
supported netal catalysts, supported netal catalysts with inproved netal

di sper sibn Eﬂﬂ)p@ﬂtjs 40837 Bea Biskel nyecarsor @‘1‘81135WJ<§1 pitrate is dispersedspreet t he
present | nv?u%)'orq R gx-lagﬁesoug P0G Fhe 8 edi 1§ then evaporated and the nickel

precursor is reduced with hydrogen to disperse the nickel.

[013] US-A-4634515 teaches that nickel on alumina catalyst, where the average
15  crystallite size of the nickel is at least 75 Angstrom, may be used as a sulphur trap for

a reformer feed.

[014] US-A-6118037 teaches that a metal-modified silica gel may be used to absorb
contaminants from feedstock streams.

20
[015] 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

controlied.
25 [016] It is 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.

30



manuf acture of a catalyst conprising a catalytically active netal dispersed
on a 10 support, which process conprises: a) preparing a support having an
organi c conplex of the catalytically active netal deposited thereon by
treating a porous support with a conpound or salt of the netal and a

ni t rogen-contai ni ng organi ¢ conpound sel ected from(i) amno acids and (ii)
conpounds cont ai ni ng both am N ol group, to formthe
15 organi ¢ netal conpl ex oﬁ§y.u g@gggﬁ??ﬂﬁgﬂgﬁﬂﬁiiﬁﬁt deconposi ng t he
organi c netal conplex on the support to the extent that the partially
deconposed product (1) retains between 10 and 95% by weight of the dry

wei ght at t r [dddi elh the prdvessorfghspresan ipleatiomit hay baco fpend thai by ekecdsippsi ti on,
and (11) exhibits one or re infra-red absorption bapds, bet ween 20

100- 2200 cHHEHCRARoL T B e PR R oS e P BBROPEObar ¢ al
deconposs ti gy td i > LG et al
compl ox | nt & PPORRE el EARNE P ok TPl L g T PR R AL IO st e
(a) of the propedssmapipobsesd. (al) treating a support with a conpound, or
salt, of one or nore catalytically active netals to provide a support with
one or nore catalytic nmetal precursors deposited thereon, and 4 (a2)
treating th p s W VA o rs deposited
t her eon mﬁtﬂugﬁeﬁgég¥%ﬁ%ﬁ%¥$§ﬁgﬂgéﬁ%ﬁ??gﬁa%¥g%ﬁY%@%§h%%sﬁﬁgf§% form one or
nmor e or gani manofphiexea cafal@t 20thptising a katalyhiesllyeachiod meet dispbrstden aecond aspect
prior to treatnent of the support wth one or nore catal ytic netal
precur sbt s PSE; WBIGh PERGCELFPIITISES:one or nore of the specified organic

conmpounds, the s - Wit . 3 i I :

deposited ther eo%ﬁrxg}g%%gﬁ%}i%ng% égotr%%ﬁ%%/&ﬁclg%gﬁ%? icgtr?%ﬁ&l ?collw;é/si s. In

a further emkoeddemiitedihetddnDyarpasd a poions suppbit willta c@Rpouryorkelt bEer sed; the
support

metal and a nitrogen-containing organic compound selected from(i) amino acids and
(ii) compounds containing both an amino group and an alcohol group, to form the
15  organic metal complex on the support;

b) partially decomposing the organic metal complex on the support to the
extent that the partially decomposed product (I) retains between 10 and 95% by
weight of the dry weight attributed to the organic complex prior to partial
decomposition, and ([} exhibits one or more infra-red absorption bands between

20 2100-2200 cm™ that are not present in the organic complex before partial
decomposition; and

¢) converting the partially decomposed organic metal complex into

catalytically active metal.

25 [0191 Inasecond aspect step (a) of the process comprises;

(al) 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, and



10 may be treated in a first step wwth one or nore of the specified organic
conpounds and the support with one or nore of the specified organic
conpounds deposited thereon may be treated with a conmpound, or salt, of one
or nore catalytically active mnmetals to formone or nore organic conpl exes
on the support, followed by said partial deconposition of the one or nore

organi ¢ conpl exe d conversion t.g 15 catal yticall ctive netal .. In all
enbodi ment s of ¢ 12 SeuiRArE Rt o fFad iRl el R dysing | Ve
metal may be car fcR@nGuth Hed8imdre ¢ NP At bigh MR SofpBundsito Féith oy gsence of
a source of hydrogen or CO The organic conmpounds are the specified

ni t rogen- cont ai ninkEe eegainicemplgrpounds. I n the second aspect of the present
invention either the treatment with one or nore of said organi c conpounds or
the 20 treatnment with one or nore conmpounds, or salts, of one or nore

catal ytizal [020pCti ¥ RirtheRéBbSdiRRY SFRhOfcbh®Ekpbét Rick Refre e h\@SBe unds is
introduced to the support during its preparation or synthesis. 211 In

the first avpboneof mohecitalyianmetahpteherséts dsposited teradn witke opy ooess afaybe 25
achi eved by fornmati pn of. one or re organi ¢, conpl exes during the

manut ot ur 2ERpeay i Fradi SBReDiadiolis SPET e PrapT MRS A ER) the

| ndi vi dual 6REPOBSLSosiEd Hickafh mhPbd MR, RIS PPRYIROTAL ed [ nto

or within the support during its ~ nmanufac e or “synt hesi s, th formation
of the orgaaiictieoampbedineatol thisrgpettisiepg(ad) asia? poae bt rgvesedsthe suppprte. g. such

as therpal treatnent of such a sypport 30 incorporating the conponents. 5
0221 In?@ tmaa’geargﬁ*@éﬂn %%lrsttﬁ'@l’i"ﬁ i@ Heqre et tsg?‘i}g?& PIEAMEFOBYOYHE process

compri ses ofes @k HENE &b Bhy %{‘ 3t éfltﬂéé 'tealiﬁeg?g%hﬁc &)‘?@&k&@&‘e@%@héﬁ“e or nore

support materials erein the tota ersion 1's 45%or nore and the
nmet al di spetl®treon mayheattdargl with a cempowngl, yr ciliteof @or drenore eaabmiesity ative he t ot al

netal dispersionis 20%or 5 greater. 10231 In a fourth aspect. the

i nventi on pPwialgedonn greepmeres ¢sganip gomplsyesan Bp syrports followed biygaldy dr ocar bons

froma hydr PARM fe@gmﬁgglﬁ&yof%re] Qi g?m%}’enérgﬁﬁ& §orgﬁi%x@/an(ﬂoc%§19&gion to

15 catalytically active metal. In all embodiments of the second aspect the conversion to
catalytically active metal may be carried out under reducing conditions e.g. in the
presence of a source of hydrogen or CO. The organic compounds are the specified
nitrogen-containing organic compounds. In the second aspect of the present
invention either the treatment with one or more of said organic compounds or the

20 treatment with one or more compounds, or salts, of one or more catalytically active
metals may be omitted if either of these compounds is introduced to the support

during its preparation or synthesis.

J021] In the first aspect of the invention the first stage of the process may be

25  achieved by formation of one or more organic complexes during the manufacture or
synthesis of the support material. Alternatively the individual components required
to form the complex may be incorporated into or within the support during its
manufacture or synthesis, with formation of the organic complex occurring during a
subsequent process step e.g. such as thermal treatment of such a support

30  incorporating the components.



of the said gas at reaction conditions with a catal yst, wherein the catal yst
is 10 manufactured according to the first or second aspects of the present
invention. 9 241 Afifth aspect of the invention provides a nethod for the
removal of sulfur froma mxture conprising one or nore organi c conpounds
and one or nore sulfur containing conpounds, in which nethod the mxture is

cont act ed Wbl o, @i T8 3P LR BL I QIR HUARAR! Gy GrolElal | o spersed on

an |norgan| usi n ess a COI’ ing to the first or

second aspeginsprizks bﬁtﬁoﬂlh@ﬁﬂﬂtalyﬂt\dﬂjﬂ hithiR, metalB deposied bn 6AN G fbRwappdiat sul fur
i s adsorbed onto the material conprising active netal dispersed on an

i norgani c supiserks Whergp diedorad metalidisapisionts 3% osmora apd the mefal digpsrsion he

50 the. abeeiopuigesa sk eRSomR: iRRMc 8 kil el Hnd R REY T0051 "
The pr es&ntgﬁcﬂg@nti on will be better understood by reference to the Detail ed

25 Description of the Invention when taken together with the attached
drawi ngs wherein: 10261 Fi g 1 shows a quadrupol e mass spectrum of the

Phe tr anomi BERbrin - pHB ishee thidbish nepyiflEch hfess e dlodiéiogl ot ® 50"

[0281 Fig. RBqlaydroditbshd fréth@aiydRipen hef\catbo mbab &%ﬁ]@é&it db éﬁth tcat al yst
(0.5 5 vvt%ﬁtll-?u/ S?%rZO) prepéred usi ngnl npregnaltnl onXIof t he rrslﬁb 57% ¥

tri et hanol aofithe szidgas atnyaaﬂxyn@bndlaonwtb szlyﬁi, grhezensﬂmwstaarst i r tr eat nment

TGA plog, for rted ., netal taI 5 vvt Ru/ S epared usin
Ol A e S IR At R e PSR HER T on at 508 C

10301 Fig. 5 shows a hydrogen treatnent TGA pI ot for a supported netal
cat al yst :
[024] A fifth aspect of the invention provides a method for the removal of sulfur

from a mixture comprising one or more organic compounds and one or more sulfur
containing compounds, in which method the mixture is contacted with one or more
15  materials comprising active metal dispersed on an inorganic support and prepared
using a process according to the first or second aspects of the present invention,
under such conditions that sulfur is adsorbed onto the material comprising active
metal dispersed on an inorganic support. A preferred embodiment of this aspect is
where the conditions selected are the normal conditions for Sulfur Trim treatment in

20 the absence of added hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

[025] The present invention will be better understood by reference to the Detailed
25  Description of the Invention when taken together with the attached drawings

wherein:

f026] Fig.1 shows a quadrapole mass spectrum of the product of Example 3 heated
in air at 4 deg/min,

30



(0.5 wt% Ru/ Si Q2) prepared using inpregnation of the netal with
triethanolamne and calcination at 300 C, and 15 [0311 Fig. 6 shows the air
treatment TGA plots for a variety of supported nmetal organic conpl exes (I
to 5 w% netal / support), which have been dried at 100 C after formation of
the organic conpl ex. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0321 The

f h
Do ng, B2 SE e i HE e D8 By U b8 8 FEBYE v i on ana
di stributi oghdofo,t he catal ytically active netal in the final catalyst. An

i nportant 25 feature of the process of the present invention is the
sel ection of the conponents used in the preparation of the supported netal

catal ysts a guence of proce used i.n,arrivin he fi nal
catal yet ooltaki Fieon HaRSE At {BARESSEoR 8 Tr ¢ FiteopPe Bt SAfebron e
process sraywith Imwglezﬁgaé};ﬂed ﬁﬁh%_ﬁhﬁre@ﬁaﬂoﬁ%f‘tﬁ%&ﬁ%ﬁh #iIRRHolanRE 8Rd @l S I N
preparation of the ysts hese materials nay be refractory inorganic
oxi des and dmingtee 18¢1ected froma wi de variety of porous and 7 non-porous
support materials well known in the art. These include but are not |imted
to all fornms of alum na, especially gamma alumna, all forms of silica, all
fornms of ( H&@st

activated CI%JO Pi% | conﬁﬁgﬁgﬂgﬂeﬂ”éﬁ e(gtlfg}m%%)ﬁ{p gﬁe& gﬁagg%%ﬁo%d simlar
met al oxi desrt%‘ﬂtresmgpmpmdmyrgﬁnpmgm;oncxﬁmﬂn metial with eriethanclamime @afid t wo or
nore of_ thes mat eri aa The exact nature of the support material used wl|
depend Yh tfciptind80se of the catalyst. In all aspects of the present
invention the nost preferred supports are anorphous supports. Particularly
preferred supports are silica supports especially supports conprising

anor phous s[I30F aFigl f sk@kad hpdrogan ttdaemém UG A phs fierci supportdtemptabeaalysti nvent i on
one 10 preferred support is a titaniumoxide support nodified with zirconium
di oxi de. A ( Or-ﬁr%eﬁcu/g Oaéﬁr%rreéﬂémérmwggﬁmfﬁ%e mﬁtahwrﬂlzie%er%a@met he

present i nven (!a?(ﬂnaq{o% arl)gﬁ@"’a and

15
[031] Fig. 6 shows the air treatment TGA plots for a variety of supported metal
organic complexes (1 to 5 wt% metal/support), which have been dried at 100° C after
formation of the organic complex.

20 DETAILED DESCRIPTION OF THE INVENTION

[032] The process of the present invention has been found to be effective in
producing supported metal catalysts with good levels of metal dispersion and
distribution of the catalytically active metal in the {inal catalyst. An important

25  feature of the process of the present invention is the selection of the components used
in the preparation of the supported metal catalysts and the sequence of process steps

used in arriving at the final catalyst composition.

[033] Inall aspects of the present invention the process may utilize a wide variety of
30  inorganic support materials in preparation of the catalysts. These materials may be

refractory inorganic oxides and may be selected from a wide variety of porous and



supports especially supports having nesopores, nacropores and m xtures
thereof. 10341 For the purposes of the present invention, the terns
"macropores” and 15 "nesopores” are used as they are defined in Pure Appl.
Chem, 45 (1976), 79, nanmely as pores whose dianmeter is above 50 nm
(rmacropores) or whose dianeter is from2 nmto 50 nm (nmesopores). [0351 In
all aspects_qf th i.n hon the suppo may..be .a . nmpl ecul ar .sieve
20 mat or 1 a " QRgO BB HatmENEh Bl BERRD Lhos e e R B Mo

mol ecul ar  sfoeVIefrm#é BEAIEmIRRY cdpRciaBY bhdmadlumhinh, Gall fosms 8f Htd) @R ifbingaires,
aIuninophosngtes, si | i coal um nophosphat es, netal | oal um nophosphat es,

met al | o- al GiRAbphaspaesand whleay migtures thergphobiQai ectiveted carbonpsibgasy r ed

nol ecul ar sjeve as__catal yst support w.ll depe on,t he,chosen application
Such as 1 or Ly dryRaers b de, HIRTEe s PR Rl Tk S5ER BB b ne
reacti ors angk sRRLEAIhAdIN o} PRkhESST tdSor nldHe SEREEMEARMMIsKTRNEX 0B Fuk @t ai | or
the properties of the nolecular sieves, for exanple, structure type,

chem cal cothpespnoronatetialnsed svikh deeend andhe proppsedivise af hesslist. clo all
Representati ve ex | es ar.e nol ecul ar sieves/zeolites of the structure
types ARl REES'S BERE PR IBion Al MpttareTiesed Sppars ik mappbous sPigR, e,
MW OFF, TehkiangriMpleferRBappirts 26 SilficARifpbitabshedially Suppits QSﬂnRﬁsiné true
zeolites are frequently referred to in the literature as such, and this term
will be ussdotphoustilca. n tefadionpe thieffouth aspactod]thspresent mulenden snech mat eri al s.

L1 One ass of | ecul ar sieve material that ..be. used as catal yst
suppor t £ | npretereefl SUBRATL A Rt Uy A5 EBS MORIS Vi 5B S0 et | al s ¢ hat

may be syntRegkzagksby Péfen@dmgipem il 41 é‘sgéﬂ%é)b‘ﬂﬂé g?e%e&iiﬁ%fﬁbﬂareggfms&
Exanpl es of such materials ar described in U S. Patent No. 250 282.

Exanpl es of suppptis gipetialdy suppods halsng mesomrasompempbote dnd miktiires oherec@hem cal
Revi ews, 68(1), 1968. O her suitable nolecular sieve materials of this type
are al so described in "Review of Ordered Mesoporous 10 Materials", U GCiesla

and F. Schu M : Il ' 1999), 131-49.
Utod4] MG RO BLDYS %i“?hél;{?ré QU MR M Simaefopordst AP
Such materi @F%ll ncl udg I%utesare ot%?r% tetljd\{?o mat er |né%50p(§’ésal ghat ed as
15 "mesopores" are used as they are defined in Pure Appl. Chem., 45 (1976), 79, namely
as pores whose diameter is above 50 nm (macropores) or whose diameter is from 2

nm to 50 nm (mesopores).

J035] In all aspects of the present invention the support may be a molecular sieve

20  material such as for example a zeolite or zeolite like material. As molecular sieves
there may be mentioned silicates, aluminosilicates, aluminophosphates,
silicoaluminophosphates, metalloaluminophosphates, metallo-
aluminophosphosilicates, or a stannosilicates. The preferred molecular sieve as
catalyst support will depend on the chosen application such as for example

25  separations, catalytic applications, and combined reaction and separation
applications. These are many known ways to tailor the properties of the molecular
sieves, for example, structure type, chemical composition, ion-exchange, and
activation procedures. Representative examples are molecular sieves/zeolites of the
structure types AFI, AEL, BEA, CHA, EUO, FAU, FER, K¥1, LTA, LTL, MAZ,

30 MOR, MEL, MTW, OFF, TON and MFI. Some of these materials while not being



SBA (Santa Barbara) such as SBA-2, SBA-15 and SBA-16, materials designated
as FSM (Fol di ng Sheet Mechani sn) such as FSM 16 and KSW2, materials
designated as MsSU (M chigan State) such as MSU-S and MSU- X, materials
designated as TM5 15 or Transition Metal Sieves, materials designated as
FMVS or functionalized nonol ayers on mesoporous supports and materials

desi gnat ed as. Aé%M e ture. Part eferred

or id r epar Mesost.ru icularly.
crystal line”no eéuﬁngGA%?oeu\?g hr’rirftq%rr?cgﬁoslnibefshtfnﬁ e%ﬁ_ us ’aé}detgisﬁm%ﬂ%eate or
al umi nosi | i @Rl ersMBORAROYfecIRbESHbEAbWIb RPdFRLEN mdletialsdesi gnat ed as MAL S
such as MCM 41, MCwm+ 48, and MCM50. These nol ecul ar 20 si eves are descri bed

in detail in US. Pat. No. 5,098,684 and U S. Patent No. 5,102,643. A
particul arl i fable sub-class of this.fam.l f materials for use in the
resent | nvibas! RREpBsSoldn Sl fosamfrstdi mhydre R B eduSiationti o

MCM 48. 5 MGt 4sbedt§ oPtHetpréseh@int sntionek&ihoeidmantiald dgat trdybeagrihadiz@r isgfpgement  of
uniformy sized nmesopdres. MCM 41 nol ecul ar sieve materials are descri bed

in detail iampgphliesonpeusB4as dithefingaigedis. Foiropleh af swwhenvadgidiaae a Si 2/ Al 203
nol ar rati o,when ., .alugna i r that i reater than 100, . nore
preferably ‘Eﬁsérglf’eélrmttﬁgnp aiﬁrﬁ%(gr??%%%gt %P@PE’FEBWP@P@ ‘tcé‘PmtpHB’ﬁdssaé?). Qt her
mol ecul ar shigyfioyidiatn WifshCChftal Revibis, 688NCRISS. PindriiipuieRBMoglaavent i on

i ncl ude those nol ecul ar sieves desighated as 4,
MCM 5, MCM @eveNitiedifls ofMENg trpe ad@N4c2® sciimel in SReWEMiof Drd&refl O8Zppdihes pref erred

or der ed, mesopor o erials fqor use n all as ts of th resent

i nventibh a .te}‘“ﬁgﬁoﬁgé‘reél& aﬁ@%%&‘}%ﬁ\’l&r@m&%.aﬂ eSﬁB%rP%Pfaﬁ%Eﬂseﬁ or der ed
Tesopor ous &obdy35185€ ShPHEMER!iAIRIEE A% Meluffed 13 rldeififs FIdiliRh gxanpl es
of nmesoporous terials that nmay be used in the process o the present

i nventi on afBAt(RentaBadmed)cush sd $BAHS SBA-U&snd SBAd] 6, materthl pdesjpmned as accor di ng
to United States Patent n this reference nesopqrous, silica

s prepar ed Sy Gokis SerhViscummeLsuch a5 ESVbF ind RS Rebonaisras Jongied -
g' igteir 3 |mo(r:1 %%Iﬁgswl‘ﬁ%aﬁ Q) s00h SERISYTS addd R1RF S Stk LYol adL TRAY ST ON 1S
15  or Transition Metal Sieves, materials designated as FMMS or functionalized
monolayers on mesoporous supports and materials designated as APM or Acid
Prepared Mesostructure. Particularly preferred crystalline molecular sieve materials
of this class are the silicate or aluminosilicate mesoporous molecular sieve materials
designated as M41S such as MCM-41, MCM-48, and MCM-50. These molecular
20  sieves are described in detail in U.S. Pat. No. 5,098,684 and U.S. Patent No.
5,102,643. A particularly suitable sub-class of this family of materials for use in the
present invention are the mesoporous silicas designated as MCM-41 and MCM-48.
MCM-41 is particularly preferred and has a hexagonal arrangement of uniformly
sized mesopores. MCM-41 molecular sieve materials are described in detail in US 5
25 098 684. The MCM-41 molecular sieves have a Si0,/Al, 03 molar ratio when
alumina is present that is greater than 100, more preferably greater than 200, and
most preferably greater than 300. Other molecular sieves that may be used in all
aspects of the present invention include those molecular sieves designated as MCM-
1, MCM-2, MCM-3, MCM-4, MCM-5, MCM-9, MCM-10, MCM-14, MCM-22, and
30 MCM-49.



10 [0391 High surface area nesoporous alum na solids nmay be al so be used in
preparing the catal yst supports for use in the process of the present

i nvention; such high surface area nesoporous alum na solids may be prepared
according to the methods described in U S. Patent No. 6,238,701. 15 010401
The support may consi st of macroporous materials or materials that are both

macr opor ous soparous, .such as those described.in, U S. Patent Nos.

5, 936, 126, @4@?@%‘%%@ gdctgE e pprol Tt ot iyl PR MRe. support
material s npysdie iventidbked tRO5ASTet ¥n3BFbrEWYsiRes. THE ehdstpragtaicdicRderéd ot her
support materials that have either nesopores or macropores. These materials

of mixed pomesiPoywUTElicgssrdbeserssigptedas MEMddition to their macropores.
Exanpl es of such material are described in U S. Patent No. 6, 248,924 and
6, 284, 917. 25 0421 In all aspects of the present invention the final

cat al ysts mapp3gpnpindier 2RARps 8f meQPRrd¥s niddraalAhhi M8y BELRSn dRNGSEdsgdr on the
surfaces of one or nore support materials. The catalyst in these

enbodi ment stheprésentanpdnting desithe musgparpes Blicad@s destribed imppdireparsd t h or  wi t hout
active nmetal deposjted thereon may, b d.into wi de variety of 30
oorticl o s ssere i SHed SR BRRNO S & AR, e S dehdsemiboRet s of a
powder, a QratHak& byPlond idar; i AanPRoIfHEE $idRdr§iohavi ng
particle sizé suffi cyiO(Eeont eﬁbq%glogg%&ﬁﬁ%u%ﬁgtg 12(?@0 ﬁ]ﬁﬁ[ 2 %‘%ho(Tyl er)]
screen and tmtzistngirertioomegdiutd. ih gRGrredeslyn{cTylispelsjonsis reetionit polymses wher e

the catglyst is nolded, such as by extrusion, the catalyst can be extruded
before ying or partially dried and then extruded. In these enbodinents

brocess al ola2h; P sucBLruid G T B3 fla) BPpSSbE AR 27 o or esent
i nvention t pepainphe catasesupportsvor hsoinehoprooess @f the present invention; such
high surface area mesoporous alumina solids may be prepared according to the
methods described in U.S. Patent No. 6,238,701.
15
[040] The support may consist of macroporous materials or materials that are both

macroporous and mesoporous, such as those described in U.S. Patent Nos. 5,936,126,

6,248,924 and 6, 284,917.

20  [041] One or more of the support materials may be of mixed porosity and may be
used in addition to other support materials that have either mesopores or macropores.
These materials of mixed porosity may possess mesopores in addition to their
macropores. Examples of such material are described in U.S. Patent No. 6, 248,924
and 6, 284, 917.

25
[042] In all aspects of the present invention the final catalyst may consist solely of
one or more active metals deposited on the surfaces of one or more support materials.
The catalyst in these embodiments is free of added inorganic binder. The supports
with or without active metal deposited thereon may be shaped into a wide variety of

30  particle sizes. Generally speaking, the particles can be in the form of a powder, a

granule, or a molded product, such as an extrudate having particle size sufficient to

10



active netals deposited thereon may be formed into conposites with inorganic
bi nder or matrix materials that are resistant to the tenperatures and ot her
conditions 10 enployed in the catal ytic processes envisaged for the

catal yst. Such materials nay also aid in the formati on and manuf act ure of
the final catalyst. Such materials include active and inactive materials
and synt het] I ' ' h nar I C

mater ) al o sheh g £1Z ul PEGUL (RRASHR! BT Broulfid ot 611300

si | i ca- al unnesh (Tie)]|satcbrrinmases véheed thi edtalysttis hrallded, ediasbyrgtragion,nhd he form

of 15 gel atinoqus precipitates_or gels including mxtures of silica and netal
oxi des. Us cCHA17% chivhe ertrudedih foe%ﬁfym&qrinaﬁlqﬁe/tdﬁ{eé Red sheg|eraded. Ta thesg onrbi ned
therew th ofmBSERERL \AHBL Wkihlidn of KESAiSs miDbE lisdd AT edefusfii VL1 cal Ly
active may change the conversion and/or- selettivity o e catal yst. These
mat eri al% nfymhg procss pongtxath dndtop niveé sledidty occurring clays, e.g.,
bentonite and kaolin, to inprove the crush strength of the 20 catal yst under
comerci al operating conditions and function as binders or matrices for the
catal yst. T, URP. h Sl n . e lytically active metals may
o for med | NEAE ot oSSl BE 8 Ao, Aol e nPo £ BT iy Bk BRle & 7 om
99: 01 to O&tide niyalveémiiited Merbotmadyl be thindd 188 &hnpRitddwlR ind¥Binec Bin@drer abl y
from99:01 to 20:80, and nost preferably from99:01 to 50:50, catalyst
support to oniix maesals dat arpgesytaitde thsl tomperatugesemdiotker geaditipemnal nmatri x

i is k i ni ically | h %.0f. .t h nbi ned
nei ot 19 et ERYed Bofle PRV TL R £ R fivistar 7P e et Sk PRt R 00 wt ot
preferably hesgidifark BEnXMie andah uBicire baMeidaPefaly 2B udR mitdals NOr e

preferably | ess than 15 wt% nost preferably less than 10 wt% and in a nost
preferred ewblde aetitte dndgractive materiplandpynthetid ernagiraliy ecaonppadolitesas may be 30

achi eved by cgnventi onal neans i.ncl udin | 1.i,ng the terial,s together

Fol | oved by™ERRY FOMGI AT Pt FAHG P OLHES wels BRI SURAAT oat al yst
particles. lifdeahhphihd)Thd latRedialbeRaherMiirhly JRULHAr ih thdPBFHGPOr OUS Or is a
material of mxed porosity i.e. both macrdporous and nesoporous. The

mat eri als ofelatinosd ppoipoties yr gely intdwdingmpanes ofisibita atxlmiehoxidesahisechf € r om

about 5 to about 50%. preferaply from about .10 abouyt o
matelfllal m co%gu%ct?onw? the zeolite, Ee., comb]ine &ereﬁg’h{l or present during its

synthesis, which itself is catalytically active may change the conversion and/or
selectivity of the catalyst. These materials may be incorporated into naturally
occurring clays, e.g., bentonite and kaolin, to improve the crush strength of the

20 catalyst under commercial operating conditions and function as binders or matrices
for the catalyst. The support comprising one or more catalytically active metals may
be formed into a composition comprising the matrix material in amounts from 99:01
to 05:95 by weight, preferably from 99:01 to 10:90, more preferably from 99:01 to
20:80, and most preferably from 99:01 to 50:50, catalyst support to matrix material.

25  Preferably, if used the additional matrix material is kept to a minimum typically less
than 50 wt % of the combined weight of catalyst support and matrix material, ideally
less than 40 wt%, preferably less than 30 wt%, more preferably less than 20 wt%,
more preferably less than 15 wt%, most preferably less than 10 wt% and in a most
preferred embodiment less than 5 wi%. Formation of the composition may be

30  achieved by conventional means including mulling the materials together followed by

extrusion and pelletizing into the desired finished catalyst particles. Ideally the
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45% nore preferably fromabout 10 to about 30 and in particular from about
15 to 5 about 25% of the pore volune is formed by nacropores having pore
dianeters in the range fromabout 50 nmto about 10,000 nm and from about
50 to about 95% preferably from about 55 to about 90% nore preferably
fromabout 70 to about 90% and in particular fromabout 75 to about 85% of

the pore vo ﬁ?oﬂafm Rf)(rﬁgteBXI is H‘Egg@gfo%g OP 25\6{\&{ Befalft ixgél §$1§ts{\?;f) 1.(9. fboIhr om about

2 to about ran ere 1n eac sum of "thé p Uumes adds up
to 100% 10dé4dropdtodd indmpepbrowsf THeaaterigls efnikdivnbiigmisievBagoass may be
used to manufacture catalysts that are suitabl e for conducting carbon

ronoxi de hydiFeeven inomhick fom dheyt S da et Yoy piefasele from eyt k0 fetert ons. In
these enbod“’g)a 8r63%r%¥g%‘%%%&lél%%é?®;0 tgléﬂg,&rg,to aJnE 1?%5{%%:{11%1‘ ﬁ'PIIE%OBF 1 i')uttoI lized

such as those desc ve. erred support “raterrals —are titani um

di oxi de X boiboue2sthaskthe perervalirh€is, fofhdd BmaGbpdre@hBlinbThdta diaMdidrs Rethand
m xtures of titanium dioxide and zirconi um di oxi de. Supports conpri sing

m xtures ofangs frami abmridiban de abavd 19,008 o and favroeberd SArte apew98fred. I1n a

preferred enbedi.nent the titaniu L oxi de | Jst S to.e e that it
e ubst ant DAL APEyftast 1+ LOBRP O Poimtfranh T MR ARSSEES ut Fon o
a zirconi umdii@paaRull GO Siut 356 atRut 85% QNGB predloRfthe REbLIIAYY ¥ dried and
calcined to formthe ZrQ2/ Ti Q2 support. The final support may conprise up

to 50 wt % misaperss bavingepotediapetet of fbmyabopt 2 tv @B ut §} o4 wisreinaeh easabl y up

to 20 % ., even re preferably,up t 0w %and nost preferably within
t he range otlheél.nfﬁggh%p Vgoug}esfﬁqsc%’rﬁoﬁlr#)d/?'oxi de based on the total 25 weight

of the support. In addition to the support additional conponents are often
used such as pronoters or nodifiers. Preferred exanples of such materials
are rheni ulgdd] uinredivispegts bfthe iprasentanventinn the procdsamiay e vedtl tormarmafactrer i a and
copper etc. Agarti cul arl referred pr%m)ter or gogh fier.is rhenium which
exhi bi ts i nFEHYERNE HF St 8 capdcge caPen monpyife Sy doRenati Zeagiensaf t er

Gemees Ly Skl 000,01 S l Mekcabloumgld uttiale el oot
t he rheli unmatesials tnsayl be wilad surd atshhﬂsetdhs:ribedbab(iivei Brefdr®ed support materials
are titanium dioxide (both anatase and rutile), silica, silica-alumina, alumina and
mixtures of titanium dioxide and zirconium dioxide. Supports comprising mixtures
of titanium dioxide and zirconium dioxide are preferred. In a preferred embodiment
the titanium dioxide is first washed to ensure that it is substantially chloride free and
20  is then impregnated with a solution of a zirconium dioxide precursor such as
ZrO(NO;)2-4H,0, optionally dried and calcined to form the ZrO,/TiO, support. The
final support may comprise up to 50 wt % zirconium dioxide, preferably up to 35
wit%, more preferably up to 20 wt %, even more preferably up to 10 wt % and most
preferably within the range of 0.1 to 5 wt % of zirconium dioxide based on the total
25  weight of the support. In addition to the support additional components are often
used such as promoters or modifiers. Preferred examples of such materials are
rhenium, ruthenium, hafnium, zirconium, titanium, chromium, thoria and copper ectc.
A particularly preferred promoter or modifier is rthenium, which exhibits important
properties during calcination of the catalyst after deposition of the one or more

30  catalytically active metals especially and preferably when one of these metals is

cobalt. During the calcination stage the rhenium assists in ensuring that the cobalt is
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hi ghly di spersed and it also helps to preserve the cobalt oxide fornmed in a
hi ghly dispersed state. A further benefit is that the rhenium|owers the
tenperature of reduction of the cobalt oxide to its zero val ence state,
which is its nost catalytically active state; in this way rhenium nmakes it
easier to nore fully reduce the cobalt. One 5 problemw th the use of
rheniumin t.hese.cat akys {s.that it is an e ns.i;ve material ... Therefore,
there exi ooy RisBRPO R B ol nellRo blestle JRTRERSY FuRdD ey 1 "Fhese

cat al ysts wikpesdedatatd.Ng fGARR Hehsfl i§ St Rgrdim ebdts Bt tbngetahige arount  of
rheni um needed to achieve full activi tﬁ; of the catalyst. It has been found
that if thercprasioasd thsrcobaliexisleds i zerorvalenes gateavhishds wympet catadyticallst or

second aspect. is _ysed,it is.possible to 10 nuf ure, Fi scher-Trapsch
catalysts victe SEBATEBe WRERE Bekss Cerris P RAUOELY Sner AeSht ST Ui
and/ or t0 agbbRMEwiTh BRAlise b MRInfun in Gefalatal FhSiB Bia8 i1Q8 aRbxRNYive im4edial | evel of
rhenium When the process of the invention is used to manufacture a

Fi scher - Tr opss¢forsathergetists g need fro cmadsiosshigive Boadheobalt détpemsppaivtthasé t he
present inv qti on ﬁt}e ﬁ{f ani g conpl ex islfarrrted grom oneqfo nor e

at al yt i cal 1A% Mot Ao fhisameding ticine ofelimpating the RBORRC S BH Bont ai ni ng
conpounds, §iadH @Sachi¥yE CulPadtHSty oEkRataliH il BRIRe N EdUnQ I8R iSBE hbRicRis
conpounds are the am nes as desScribed below. As an alternative to cobalt or
i n addi ti ontht preseiahventivheccording ity thedabtloy sexshid wepeseisalsed itasg/pdseiblatsed i n
prepari the catal yst ,such as other iron gro tal s and copper, \Wen the
ot oyt iAo Euech faglius pibastt Shuehormotriny BROEKL as o

i oxi de. mmy paee o Eem G ortD kT RO R ol Bt bl con 1
al um na, silkvdafoieniomt Wles thé progtsmif tlee ianchtienlis cd td manhfastuesodi nent it is
within the scope_of the present invention to_formthe organic conplex on
the primar yFlé?ci{{eé'lTﬁ%Hsc ﬁ%{é(?rt‘s in aecopgapgropith therfist asped O?B'@ffg?sﬁnh' Xing wth any
bi nder or t ' It hdd ] W th
one or nor eﬁg{"r&{ erthﬁﬁggﬁg&l%ﬁgg%%?gg%tr}lgecgllsﬁsw%fga% elcggéggirﬂeﬁé{n@gnti on
may be 1fsedardongan uicre biithe niedgehycohainitdhatimmpuads uduchhl emireracidseOtienroval  of
organosul fur _.contam nants from hydrocarbon streans. The_ catal ysts nay be
used in t heSHBBleMMEgSR cRYBHIRE FORRPUNESRFdhe gings as described below. “As an

alternative to cobalt or in addition to cobalt other catalytically active metals may be
used in preparing the catalyst such as other iron group metals and copper. When the
catalysts made by the process of the present invention are for use as a Fischer-

20 Tropsch catalyst, the titania support with or without zirconium dioxide may be used
in combination with an inorganic binder such as alumina, silica or mixtures of
alumina and silica. In this embodiment it is within the scope of the present invention
to form the organic complex on the primary catalyst support i.e. without binder and
before mixing with any binder or to form the organic complex on the support in

25  admixture with one or more binder materials.

[045] The process of the present invention may be used to manufacture catalysts
that are suitable for the removal of organosulfur contaminants from hydrocarbon
streams. The catalysts may be used in the absence of hydrogen to remove sulfur

30  species from a hydrocarbon stream. In such applications the level of metal dispersion

in the catalyst is a critical factor in the effectiveness of the catalyst in removing the
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30 species froma hydrocarbon stream |In such applications the |evel of
metal dispersion in the catalyst is a critical factor in the effectiveness
of the catalyst in renoving the 13 sul fur species. It has been found that
highly effective sulfur adsorption catalysts may be obtained by using the
process according to the first or second aspects of the present invention.

i th subt ur o GRS RiRs bhol BSn REREHARRRI Ry By IStp A BRI T Ton <

of 5 the prigssittinedyeadih®thedpridedeaccardigt i tBé fifst pPcbndBdpRELs AF themay be
utilized such as, those_described above. A preferred support material is
silica. |n prasnt inysntonaByasingghesemyocspse éthiag beapeanagpibledtaihigtly dispespe sul f ur

treatment c VAT ed; . ef tive t s nickel. A
preferred a%% |lsc‘_§]{ﬂi§ %"ﬁﬁlxsa 9?%@%%%1&2? od E{H?at??er {@8%&& rI)? }olkggggms_éqlglre#é&%t o in the
art as Sul f e plaskmpindéhtibR46lidé Rardty oASPPEH Snadridld@aPbesEhted suvigRd i on the
process produces a final catalyst that conprises one or nore active netals

deposit ed othogrdesenibadmbeve uppaeterredsuppprimaterfal isyjikden. Japidditipnefwidet i ve netal s

may be used_in, al spec of. resent .inventi.on. Th chpi,ce of active
retal i 5 deluitulh e BRE R MiehGdo IR Bt A mi B ySE RS Slch 15
correl ati ongreR@icWRBlveaBEiaVR niddeh! APRcteedt ApYisdtionSis Ry @mohl sukiiPiyh i n the
art. In all aspects of the present invention exanples of active netals that

may be usedpliopess aeferrediptingdhearhas Sulfuritirsel t o one or nore of the foll ow ng:
G oup 11 Goup IA) such as Li, Naor K Goup 2 (Goup Il'A) such as My, Ca
and Sr; oup 3 (Goup II'l' A, 11IB) such as Sc, Y and La; Goup 4 (G oup

| VA, 1VB) sgnl) ag afi angJts 8fle PhesefdiRvhtion & ﬂr@e@é’%o\iﬁméé%)ﬁ&ﬂ@ﬁa?ﬁ that No and
Ta; Goup 6 oup VIA, VIB) Such as G, M~ and Goup 7 (VMITA VIIB) such

as M, Tc, emgprites ofy aupsreSictide methlldepOtediun onvlok pord/kurpayt 1satefialas AFe, Ru,
I NN T ST N LT NCTIECETY,
[0 20 MBS GEARLLYD i YPlab o alorp latpgin 25 o Vo1
15  correlations between active metal and catalyst use are well known in the art. In all
aspects of the present invention examples of active metals that may be used include
but are not limited to one or more of the following: Group 1 (Group IA) such as Li,
Na or K; Group 2 (Group ITA) such as Mg, Ca and Sr; Group 3 (Group LIIA, IIIB)
such as Sc, Y and La;, Group 4 (Group IVA, IVB) such as Ti, Zr and Hf; Group 5
20 (Group VA,VB) such as V, Nb and Ta; Group 6 (Group VIA, VIB) such as Cr, Mo
and W; Group 7 (VIIA,VIIB) such as Mn, Tc, and Re; Groups 8, 9 and 10 (Group
VIIIL, VIIIA) such as Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, and Pt; Group 11 (Group IB) such
as Cu, Ag, and Au; Group 12 (Group IIB) such as Zn; Group 13 (Group IIIA, IIIB)
such as Ga and In; and Group 14 (Group IVA, IVB) such as Ge and Sn. Preference is
25  given to using copper, platinum, thodium, paltadium, cobalt, iron, nickel or
ruthenium or a mixture of two or more thereof as active metal. A particular

preference is given to using ruthenium, nickel, or cobalt or mixtures of two or more

thereof. A particularly preferred active metal is ruthenium.

30 [047] 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
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rutheniumor a mxture of two or nore thereof as active netal. A particular
preference is given to using ruthenium nickel, or cobalt or m xtures of two
or nore thereof. A particularly preferred active nmetal is ruthenium 30
[0471 The content of the nmetal conponent will vary according to its
catalytic activity and t he proposed use of the catal yst Thus, the highly

active nobl e t al snal | anpun han t ess active
s ot of ey el inSinaliE ittt 1S 1B bR RieBaS Fof & lﬂenlb

pal I adi um or wplpaideﬂucsn 184l df ri@esiling pAlladeim SPElaBlR will HRFPRABRL TH@meerceed
about 30 percent in a nonol ayer. 5 [ 0481 When the active netal is a highly

active noblempenght mawsexseed amut B peteentdanaignelayei.n al | aspects of the
present invention is generally fromabout 0.01 to about 30% by weight,
preferably from about 0.01 to about 20% by weight and in particular from
about 0.5l t %eﬂ%@:ﬁﬁv&‘ﬁieﬂﬂ”isaﬁﬁ?ﬁ@ ARHed e&rﬁ@métalng ComAty twu%awr}st' n each
case base on the total weight of Thé catal yst used. One preferred catal yst
manuf act ur eid abyaspddts dfghp pmsestsn\cmtlbms genersbip fronmatent 0.6ih to sbam 80%Hgt

conprises rutheni u |.one or nat.i wi th. one or ddi ti onal
active metal's€ ttP’??;trglflﬁl o%ﬁ?%p ngtoF‘ % WS’%‘W%@QW(C“EF %8‘61 ive et al
and prefer t tive
netal . Pr e?ateHOMt)?tl k4 e&%ggte t o tr ﬁon%ﬁéﬁe%@gqftgpgnéby %\%hgﬂle eﬁ‘(:)E%QZ% nor e

preferably Ihsdd dmnthl- tetabyeight gfthe oftalybienstdtGrie pafeadeyf satalyitmifidBduithén t he
active ][raet atlh I S no;équ?rtrcul arly active or given thr=r}l nature of the proposed
appl i ca © BIRCRSS GPIEHATE iRvepoR iFane that ﬁﬂmP%Vélfg SRBMY RORE ¥l in al |
aspects of | evel s
cspects, of SARRLRRRAL bV SR OMEEASHVERTEIE, ST BB BERAL o) |V S

nore and no%% b&&vq@g}afoéaetbrreymml dndrpréfembiveatgeaonat cdbertt of s vlztan%’/baﬁed on the
total weight of catalyst used. 10501 Accordr ng to of the present I nvention

the cat al ysyeight ofgqlivemetal-eBreferably thegontess of tuthegiine k5 Gom app# 405 ® provi ded
wi th one OrZ‘%PﬁﬁreC}ﬁ‘EﬁL%tl& Gﬁltb Y /af):} Wgﬁhﬂ%ttﬁe total catatyst.

15
[049] When the active metal is not particularly active or given the nature of the
proposed application, such as in sulfur removal, high levels are required, in all
aspects of the present invention the active metal may be present at levels of 10 wt %
or more, preferably 15 wt % or more, more preferably 20 wt % or more and most
20 preferably within the range of 15 to 45 wt % based on the total weight of catalyst

used.

[050] According to of the present invention the catalyst is manufactured via a
process in which a support is provided with one or more catalytically active metal

25  sites through the use of a specific sequence of process steps. The process hasas a
first stage the formation of one or more organic complexes. In the first aspect 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 of the specified organic compounds

30  capable of forming a complex with the one or more salts or compounds of the metals.

Alternatively the one or more organic complexes may be formed during the

15



25 sites through the use of a specific sequence of process steps. The
process has as a first stage the formation of one or nore organic conpl exes.
In the first aspect the formation of the organic conplex may be achi eved

t hrough the simultaneous application of the one or nore conpounds or salts
of the catalytically active netals wth, preferably in a adm xture wth,

comptex i RARH IR FEo ChP Ay BB AR e N HRE o] ponBatE"O ©

conpl ex wi tRethe ohe or hore’sa oun

Al ter nati vedrgarib €opRx F6rniedl i-sai10 & hiC al &AM Ve X8 olikyerd thef @iiReetsr i Ng the 15
manuf acture or,  synthesis of the support; in this enbodi ment the support
conpri ses I§f te fewhiecorganie peraplen a ingprporgtednintgl or avithan thesuppisbdi nent t he

conmponent s equjred t.o rm.t argani.c ¢ | are incorporated.into or
Wit he CHBRRRSyR g o e L K BOGT o £ el RER Mt on of
the organi chERiphl R%sQEERTPrbods Biefl WidhnNg tRerfdPESAME o IROGRPE ThAPriSHEN as

thermal treatnent of the support conprising the conponents. In the second
aspect of tthe cpmperants. Imthese¢and aspest of Gamresentanydngien ithe organiereemplex isno

di stinct st .the first bei Lt : | f
ore. cat alyroed 1y Gl R! bty edil e Bledlef TS BchBRRECER  cat i on
of one or FOhEcRhtalyiRamPEtiveintdald b HeGe&ATRAULE BEing IRAPpPicaon GORLNY 2

conplex with the 10 ‘'one or nore metals or salts or conpounds of the netals.
In the secoednerspdthe speciified ordasie oywuhdsecapable of friéng heweplenwvithithgges wi t h

depositjon of the specified.organic co und precedi ng deposition of the
sal ts. ol ComStimuEE GreRlAg A6 oF SOmEPUHS B R Tt BaataRgaraiebH 3 n rel at i on
to the secogg, ASRRH tol vl thREhRy srtz?g‘és with d%ﬁ@sit%ﬁ?@ﬂ"tﬂe s;?e%Hf‘e@ltorgaﬁﬁc stage
requiring either the deposition of a salt or conpound of one or nore 15

cat al yt i cal ¢ommeni peccodingldsposdtiornt dfdhs sdiger cagpounds of theendelpoadinpiigin of one or
nore of the_ .speci.fied organic conpounds, capahle of form pg, the cqnpl ex, may
be omitted S ﬁj?%_é m‘asﬂ%efﬂ 150 e Al sgroney aFecHapet ek BOGERR ht o & he
support us eﬁp@é{rth@%a¢et 12quitB RG HE §e Eitig){ BEBEA Sr co%gqo]agtrf bt ohdoOh6re
enbodi nent of the fifst "aspéct a conpound, or salt, one or nore
cat al ytixal ¢afalptidaily ectivet rabtalsi sr tho stape edjuitinghth© depositionmf enobr mbe: cfpbei fi ed
organt ¢ specified organic compounds capable of forming the complex, may be omitted if the

compounds of either stage have been introduced into the support used during its

manufacture or synthesis.

20  J051] Inone embodiment of the first aspect a compound, or salt, of one or more
catalytically active metals is combined with one or more of the specified organic
compounds to form a mixture which is then contacted with a support to deposit the
organic complex. In this embodiment the complex may be formed on formation of
the mixture or may be formed after contact with the support and after removal of any

25  solvent or solvents used during formation of the mixture. In a further embodiment of
these aspects one or more of the specified organic compounds and a compound, or
salt, of one or more catalytically active metals are contacted simultaneously with the
support to form the organic complex. In yet a further embodiment of this aspect a
suitable organic complex of the desired metal may be synthesised and applied to the

30  support via solution of the complex in a suitable solvent for the complex. Inyeta

further embodiment of the first aspect the organic complex may be formed in-situ
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conpounds to forma m xture which is then contacted with a support to
deposit the organic conplex. In this enbodi nent the conplex may be forned
on formation of the mxture or nay be formed after contact with the support
and after renoval of any 25 solvent or solvents used during formation of the
m xture. In a further enbodi ment of these aspects one or nore of the
specified o i . | t, [.nore
catalytical%&ﬂgg ?§%Hﬁ§#§ﬂ§°a gﬂ%%%?gggégﬁgFﬁ%ﬁFé%é%ggﬁéc%ﬁﬁﬁ%?ﬁé support
to form t herequiganioe faranpbe st thelbryflic eoriplédt, higlt havdbaniBdirpsthict s caspect a

sui tabl e organi c conpl ex of the desired netal may be synthesised and applied
to the 30 swithigrthe suppodshuing #s manufagBre eigynBRsisn a suitabl e sol vent for the
conplex. In yet a further enbodi ment of the first aspect the organic
conplex may be formed in-situ 16 during the manufacture or synthesis of the
support smat mizﬁl InGhe fdcohd JFPOIME Biifport' 16 Gkt tEttadted whth i ROn®for kAIE 8T gani ¢
conpl ex, that have been incorporated into or wthin the support during its
manuf act ur eonsrorgyere igatglysically 4atize metals {llowsd by imgataspe vithione os opppoetthes first

contacted with conpound,  or .sal f one or re catalytically active
netals foll S&ﬁ%éfggyf%% Mg @rﬁ%g@o?rg%? %OIBQW%?( ﬁg%hes%@ﬁ?’fti 38 %r gani ¢
conpounds t ghch@itive o8 tie seppit RXirdtohReteaWaROSHe orlor@Bf 1Rl t ernati ve

enbodi ment the support is first contacted with one or nore of the specified
or gani ¢ conjpscifigd ofgsinicosgerpdopds fodlavme hy teitienawibapompdpnd or sat.of ond one 10

or nore catalytically. active netal o formthe organic conplex qn the
suppor t10 Tt eraaica ke s o bpoth e BETE i BB R | ng
”anUfaCtPredﬂkreﬁM&MHﬁﬁtﬁwQBm&B&xﬁqﬂﬂﬂ&ﬁnnBﬁﬁéédhﬁ%gHﬁn&ﬁ&ﬂﬂﬂnﬁSPGCt of the
present invention the one or nore catalytically 15 active netals nay be
exchanged osynithesisef thepgmpport.material, inpregnated into it or physically

adm xed with it. The application of the individual conponents or m xture of
conponents may be achieved by steeping the support in an aqueous netal salt
sol uton, - ofgs3) Sl ik LeBnk BarbePill thepieSort fveRHin B ofle CPERALBRaIOfIcARe metal . In

the first of the present 1hvention a mxture of a cohpound, or salt,
of one i nmmtiee metals may be exchanged onto the support material, impregnated into it or

physically admixed with it. The application of the individual components or mixture
of components may be achieved by steeping the support in an aqueous metal salt
solution, or a solution in a suitable solvent of a compound of the metal. In the first
aspect of the present invention a mixture of a compound, or salt, of one or more

20 catalytically active metals with one or more of the specified organic compounds may
be brought into contact with the support to form the organic complex. In all aspects
one or more of the components or mixtures of components may be brought into
contact with the support materials using such methods as dipping, spraying, slurry
techniques or any other suitable method. The preferred methods are impregnation of

25  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 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

30  given to the nitrates and nitrosyl nitrates and most preferably the nitrosyl nitrates. In

all aspects of the present invention the specified organic compounds are present in
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20 catalytically active netals with one or nore of the specified organic
conpounds may be brought into contact with the support to formthe organic
conplex. In all aspects one or nore of the conmponents or m xtures of
conponents may be brought into contact with the support materials using
such net hods as di pping, spraying, slurry techniques or any other suitable
nmet hod. The_ p¢ I, r.e | mr { rt. using such
t echni ques %@E@cﬁ@%iﬁ%ﬁw&/@? é@é‘% 1§1} b@ﬁ%%%ﬂégE%?%ruég?ﬁopﬁdgfﬁg%gé‘beect of the
present i nvastal.oMowend: athisemipiatlbesid 8¢ bereihe pahidGoidpiexie padpatedlid a
solutions for use in preparing the mxtures are for exanple nitrates,

ni trosyl ni$epatatsprocadirg 19g ase dheprosesses ofdhe syt dmveationdailgsacet onat es,

chl oro conpl. Ry : { '

correspondi J%g@ﬁﬁngs%ag]@ éss,thé\nbﬁﬁmgfr)e e%ﬁ%nesq%g?dgggﬁ eggoétl%gg#}%lgéqrﬁ%eou%?? ;f gees and

ni trosyls ni el 84l And bres terids @ droabthe pufified bidagRk)thetal dongiles . Thewrigilal aspects
of the present invention the specified organic conpounds are present in 17
addi ti on t ocQUREET i} HAY alse b absent whetvthe prgasiocostplehis psenaredboin-clydysond of t he
active netal. Ho [ ni.s not he the, case where the organic conpl ex
IS prepar ed"anlerlfIl %u%gug%P%%ygt%P%%ersgp %IF oug erffﬁﬁet%oén %Orngéggg(g%ggftot he present
i nvention; fdi*mﬁﬁ@%x&pl@k bRURBdrpOGRSY ihider Witheh thelsufsuind@ing iBakifadieet i es for
the salt or conmpound of the 5 nmetal will have been renoved fromthe purified
or gani ¢ et el syodwgikidn thesp embeiligiantd the eanterden tothe megialahgobaprosidsé hy awhen t he

or gani c, conpl ex i s prepat in-situ dyrin t he manufacture.or synthesis of
Che suphbrc PresisSp e 3 S Divkit Spilbss s PR BT hERBiRisr B <

i ncor por at egrghiiit @ople tWihéh PHIE t1RURRGE fne@Utidretdrfed TRRAUL B GbtEMplOed _
synthesis; in these enbodinents the counter-ion to the netal may be provided

by a 10 chawijh thesergaria e poundrstitsenitsaip padt, prefemablytitis somplexhe ana ghlnride noi et y
or noieties of the oaﬁ]ganic conplex. Wien Pt is the active netal it is

preferred tfaydfexidesal

ot conplexed wth the organic conpound as its nitrate
salt, preferably it is conplexed as a chloride or hydroxide salt. 15 [0541
In all aspects of the present invention catalysts that have a plurality of
active livet H154] almalll asgedtnof the psaspponventay citalysts thet devere phiraitp ppadtied
si mul taneousl%/ usi ng th% C .

metals applied to the support may have these metals applied simultaneously using the

various process of the present invention or the process steps may be repeated to apply

the metals in sequence.

20 [055] In all aspects of the present invention any the nitrogen-containing organic
compounds employed are capable of forming organic complexes with the one or
more catalytically active metals. Typically these will be organic compounds that are
capable of forming complexes that are stable under the conditions that are normally
used for depositing catalytically active metals. Ideally, the organic compounds are

25  selected to provide metal organic complexes that are stable under the conditions
normally used for drying catalyst supports after impregnation with one or more
catalytically active metals. 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 synthesis, such as for example organic templates used in

30  the manufacture of molecular sieve supports.
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vari ous process of the present invention or the process steps may be
repeated to apply the netals in sequence. 20 [0551 In all aspects of the
present invention any the nitrogen-containing organic conpounds enpl oyed
are capabl e of form ng organic conplexes with the one or nore catalytically
active nmetals. Typically these will be organic conpounds that are capable

of o N9 fREP! £AELpIDE B SEAR! 5 IS ! BESORLILAN bligkicar e normal Ty

used for d ing €aralytic yractrve ne )

conmpounds %@Jﬁﬁn&ﬁi@@bﬂéoﬁ@sﬁhﬁ\ﬁoﬂﬂid@{e&lr nfire amiiso SOUP 4xese tihahinar e stabl e
under the conditions normally used for drying catalyst supports after

i npr egnat i o#ide tok (Brrempoupds eontaining| §ath é@ﬂmyloagr@ﬂp/@%ﬂm afchol prpugl | aspects
of the present. invention . the organic conpound nay be one or nore organic
conpounds d@@@mqk?QQ?%%ﬂufacture of the support or present during its

synt hesiss, such as for exanple organic tenplates used in 30 the manufacture
of nol ecul ar sieve supports. 18 [0561 In the process of the present

i nvention tl887hi tyushehovosnesifisdrgmpoyadsiheving emp ounse ammogoysumalshet hat

ent gen _ g : . e o .
cont ai ni ng BEPRESHT iR el RS Rk RIS AnaE} Be SR anlione Thipound. 5.
L0571 . Suchanboysmanesicohesty GATRRIHI Ll Rk 9BRreN HERKR MFbAG- O OUPS MRy

be aliphatic am nes, cycloaliphatic”am nes, aral kyl am nes and al kyl aryl
am nes. Theswmtaimng comppuridiaone os woonEtanyry asedondary drtestiagnamis, preferatdy

preferred that the njtrogen-, containi ng conpound i.s,one or r rimry,
D condalll oGRS AP BTGB BB P OF BIREe ClPo i) 2B RS PN T ar ne
cont ai ni Ng ARG tHE S udd &P AYRsnipkch as for exanple those found in
hydroxyalkylan@%és. [ 0581 Iﬁﬂ%%gﬁénbodinent, t he nitrogen-containing

conpound used according to the present invention has the follow ng general
formula: 15 E R3 (I . . . . .

Oy ﬁ% one (em)bodlment, the nitrogen-containing compound used according to the

present invention has the following general formula:

15 NR!R’R’ M

wherein (subject to the compound being selected from compounds containing both an
amino group and an alcohol group)
[059] R', R? and R* independently are one or more of the following groups: C; ~

20 Csp -alkyl, C3 —Cs -cycloalkyl, aromatic, alkyl substituted aromatic, such as C; —Csg
~alkyl substituted aromatic, aromatic substituted aliphatic moieties such as C; -Cso—
alkylene moieties substituted with one or more aromatic groups, Cy -Csg -
hydroxyalkyl, amino- and/or hydroxyl-substituted C; -Csq -alkyl, alkoxyalkyl such as
C, -Csg -alkoxyalkyl, dialkylaminoalkyl such as C3 -Csp -dialkylaminoalkyl,

25  alkylaminoalkyl such as C; -Csp -alkylaminoalkyl, heterocyclic, aromatic
heterocyclic, alkyl substituted heterocyclic and alkyl substituted aromatic
heterocyclic, such as C; -Csg -alkyl substituted heterocyclic and aromatic heterocyclic
compounds, and heterocyclic substituted aliphatic moieties such as C; -Csp -alkylene
moieties substituted with one or more aromatic groups. In addition, R' and R* may

30  independently be hydrogen. In another embodiment, R' and R? may form, with the
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wherein (subject to the conpound being sel ected from conpounds contai ni ng
both an am no group and an al cohol group) 100591 R1 , R2 and R3

i ndependently are one or nore of the following groups: C, - 20 C50 -alkyl,
C3 -C50 -cycloal kyl, aromatic, alkyl substituted aromatic, such as Cl -C50
-al kyl substituted aromatic, aromatic substituted ali phati c noieties such as

Cl -C50- al i c groups, C
-C50 hydr o@l/rgg% a%ﬂ}tgo_sgeﬁld I?t(%irnS %?%xj dkég{)b%%a%tc éﬂg © %%1 al kyl ,
al koxyal kyl s@@@thteﬂ&mteﬁﬁcyc%rﬁ allafl km)sﬁaitétydromdnah&yﬂoamlaoal kyl such as C3 - C50

-di al kyl am noal kyl , 25 al kyl am noal kyl such as C2 -C50 -al kyl am noal kyl ,
het erocyclic, aromatic heterocyclic, alkyl substi tuted het erocycl ic and

LI (S0t ol P AR B SRR Ty i g Byl ost e
substi t W edisathi t_ﬁhaécl-lﬁltﬂ@te@tt-blﬁﬁl ﬁxp@ﬂtyasso@emypé&: p@itiayh@pentymzet ies

substituted with one or nore aromatic groups. In addition, Rl and R2 may 30

i ndependent411?1‘3@@1]??9&109'@%}’11 isolagzot, H@*h@%duhqmﬂt isolreptyl nietoFta], pOpCyb2m  wit h

th 19 t t

heteerocy(r:]: ertﬁgﬁﬁ)?ﬁ u 212”%1@%(9 e}i%gglii %’Idgg%’r %??pﬁ ﬁ%@%f"i‘(ﬁﬁi}m omatic

het er ocycl ep- n&%%@qaﬂmm&rml alnisy, Ilso@fdwps étnﬁh@@qe n-aaiythn ich-

n- propyl , |sopropyl n- i sobutyl, sec-butyl, tert- ﬁ/<] n- pentyl ,
Y

i sopent yl , b@@l pefiidacyl, ﬁébé@ﬁk-ylnonﬁl apd 3d1-h@tvhyinpnﬂp9ﬂd Cn —ﬁ‘eooyh siehexyl
sec-hexyl, n-h , 1,80 t i SO0 | hexyl, n- decyl
2-n-pr o% | - B9 %3(1 p(hlylls{)]l?\gg ‘Plypl"é’p?cfrl é?}ﬂfPPrﬁpﬁlo%\?IpO ﬁgly%hﬁwt}ﬂ? | - n-nonyl,
particul arl IYrefBi‘l%H%hPmtib AhiYd are 'aﬁﬂfhh@@ﬂmes@r&@ﬁ@)b‘n@%i‘ﬂore Ak 9'19%&[1 ps
2-n-propyl -n- heptyl, n-tridecyl, 2-n-butyl-n-nonyl and 3 ut'yl - n- nonyl
and Coo - C2yingl ky20 sarbén a_tcmagn@moycbmevjdrablpaltwéombbyhtonpsol ypropyl ,

pol yi sopropyl and polyethyl. The nost preferred aliphatic amnes are

al i phatic am nes having one or nore alkyl groups having 1 to 20 carbon

atoms and r@gg%g@@pb%ﬁlm o ﬁfemdetqrréu é%aakﬁxg.@pgc et _eycl oal kyl

groups inc -cycl oal’kyl , "preferably "C3 - yc oal kyI such

as cycl bpr opytlpalkylkduobas yyclomyptlopelibytyl, ayyicbedtigl yyclolexgl, oywdpiiopty! andl
cyclooctyl.

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

[063] Examples of alkyl substituted aromatic groups include C; -Csg alkyl aromatic
groups, preferably Cy7 -Cyp -alkylphenyl such as 2-nonylphenyl, 3-nonlyphenyl, 4-
nonylphenyl, 2-decylphenyl, 3-decylphenyl, 4-decylphenyl, 2,3-dinonylphenyl, 2,4-

25  dinonylphenyl, 2,5- dinonylphenyl, 3,4- dinonylphenyl, 3,5-dinonylphenyl, 2,3-
didecylphenyl, 2,4- didecylphenyl, 2,5- didecylphenyl, 3,4- didecylphenyl and 3,5-
didecylphenyl, more preferably C; — Cy» alkylphenyl such as 2-methylphenyl, 3-
methylphenyl, 4-methyiphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-
dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2,3,4-trimethylphenyl,

30 2,3,5-trimethylphenyl, 2,3,6-trimethylphenyl, 2,4,6-trimethylphenyl, 2-ethylphenyl,

20



cycl ooutyl. 100621 Exanples of aromatic groups include; phenyl, 1-naphthyl,
2-naphthyl, 1- anthryl, 2-anthryl and 9-anthryl, 1-phenanthryl,

2- phenant hryl, 3-phenanthryl, 4- 20 phenant hryl and 9-phenanthryl. 100631
Exanpl es of al kyl substituted aromatic groups include C7 -C50 al kyl aromatic
groups, preferably C7 -C40 - aIkyIphenyI such as 2- nonylphenyl

3-nonl yphen n hen 3-de 4 decylphenyl

> - nony ! wrda{el B iR, ZraR GBI 2o BrRSRY RGN -3, 4

d|nonylphen?bﬁﬂghénmlnonylphenyl 2, 3- dldecylphenyl 2, 4- dldecylphenyl,
y

2, 5- didecyl phenyl, 3, 4- didecylphenyl and 3, 5- didecylphenyl, nor e
preferably C7 - Cl12 al kyl phenyl such as 2- nethylphenyl 3- net hyl phenyl

4- et hyl ph h - th 6~ dijret hyl ph |,
4t ety B 5 bR b DR PRE A s gt Pren
2, 3, 5- t r§ nembickipdabyituted WitlPohd @ﬂfﬁéx@»k&ﬁﬁwdubstﬁuéntﬁﬁéfeﬁmmJ nh;nyl

2- et hyl phenyl, 20 3-ethyl phenyl, 4-ethyl phenyl, 2-n-propyl phenyl

3-n- propyl pptmylallqhwch aﬁbem&&plyplpﬂmethyl 2- mmﬁdhyﬁmhpnﬁsfwﬂ 3romati c

substituted .ali hat i.ncl ud i eties
Subst |t ut PR SoPRRSlRS i ohensoutit o Pregelell SPBmtuiiess s
phenyl al kyl pigicibuds, fReditdrly prefRRANEEDYL 1 5hehanatly b.prkn@ligny! propyl, 2-
phenyl propy? g phenI{/aI proSyIp} 1- phenyl%uté)l 2- phenyl bu?yl?1 3- phenyl butyI
and 4- phenyl butyl, parti cul arIy pref er any benzyl 1- phenet hyl and

2- phenet hyl 065 | e h drox i ncl ude: api nes havi ng
one or eLé%f (% ]lﬁi/ﬂﬁ%f/%ﬁ é@%&%ﬁ@lﬂ%ﬁn@r Pl okyra kyl
groups, part |

v oxyme: yP R B0t ﬁ?ﬁt“&“él%d%% ﬁﬁlgﬁ%ﬁﬁﬁ%@ﬂmé@%ﬁl ,

2- hydr oxy- n€pC@-ﬂnydnoxgalhylcgrw-sue]:paanlmdlrowmbtﬂ;diﬂyﬂy@xyyaﬁgﬂl@#hydrekm}hyl

[ ncl ude ¢ hel REHONS A roPEh AR HeRiBENt 1Y G PrRgTEN P AJRRERy ARG am nes
such as  MeLHANGLARARY piledEl ABYAL: %?ouptaohfaﬁiﬁﬁgﬁm@m&ﬁpoﬁdbanol ani ne,
15  include the mon-, di-, and tri-, substituted 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,-
20  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

atoms and most preferably 1 to 4 carbons atoms such as methyl, ethyl, n-propyl,

25  isopropyl, n-butyl, isobutyl, n-pentyl, isopentyl, n-hexyl, isohexyl etc.

[066] Examples of amino- and hydroxyalkyl groups include C; -Csg -alkyl,

preferably amino- and/or hydroxyl-substituted C; -Cg -alkyl, particularly preferably

amino and/or hydroxyl-substituted C; -C4 -alkyl such as N-(hydroxyethyl)aminoethyl
30  and N-(aminoethyl)aminoethyl.
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et hanol am ne, tri-ethanol amne , butanol am ne, di-butanol am ne,
tri-butanol am ne, propanol am ne, di-propanaol am ne, and tri-propanol am ne.
Al so preferred are N, N,- dial kyl -et hanol am nes, N al kyl -di et hanol am nes,
N al kyl - et hanol am nes, N, N, 20 di al kyl - met hanol am nes,
N-al kyl - di met hanol am nes, N-al kyl - met hanol am nes and equi val ent
es and hept anol am pnes. I.n these

| am , b | am , . n | am
o1 kol arm riSETE HODEIFG ARGy i BLAGIUHS D et BB DS rbbt €
hyd b Y. 5 1 8
ydrocar 0%QV-QHBX}%DRQ{I,%M&%r&fb@?e%abEPC Q:&-Q%QQ%IS#I%H& aﬂhﬁt&@iﬁ}?&}{ﬂw fo

carbon aton®s and pref 0 2 ¢Car bon ons such as net

et hyl, n- prabydyme?tiyli spmpopythethyl; bopyopoxyrsahyit pbutoxymetityyl , i sopentyl,
it RO, SO REY G AR La S O S0
-C8 -al kyl, | ang N - it uted Cl
G 231 1) B SR, cRanengiel LSRRt

N- (am noet hathgamietoe! dyptopoRim Gl soppopopyreahdf ndlutoxyynatheyl groups i ncl ude C2
-C50 -al koxyal kyl, preferably C2- C20 -al koxyal kil , Earti cularly preferably

C2 -C8 - al kKsxBHPRmetisicieeRutarmednsatthypioxymetph pyyethyh apd poxynet hyl |

i sopropoxyr%gtpé;{ etl%r but oxynet hyl , i sobut oxynet hyl, sec-butoxynethyl,

tert - but oxymne y}f 1 met hoxyet hyl and 2 5 met hoxyethyl, particularly
preferably C2 -C4 -al koxyal kyl such as met hoxynet hyl, ethoxynet hyl,

n- propoxymnet hyl , isopropoxynethyl, n-butoxynethyl, isobutoxynethyl,

sec- butléky IEX%U&I?S-Qﬁﬁl’d@lﬁ@mﬁ/gfpu}l&Wﬁ@@ye&hyﬁla%{mno lhoxyet hyl . 10
100681 Exanpl gs..ef ~di al k h NO. greups. i.ncl yde - =di al kyl am noal kyl ,
oref or abl y RS C e BB P BrSie s ReF i a0l o &3 - cio

di al kyl am n@allickdinigdegiby] aschtdsiifobihly B ROTEM LY HimthyTRbh ok @i, noet hyl ,

di et hyl am noet hyl, di-n-propyl am noet hyl and dii sopropyl am noethyl. 15 10691
Exanpl es ofdiaﬂhkﬁh‘éméﬁuéal CEVI-P@P@@Q@@&M agkdicpprapytamineéthylani noal kyl ,
preferably C2 -C20 -al kyl am noal kyl, particularly preferably C2 -C8

- al kyl am noal kyl

15 J069] Examples of alkylaminoalkyl groups include C; -Csy -alkylaminoalkyl,
preferably C; —Cay -alkylaminoalkyl, particularly preferably C, -Cg -alkylaminoalkyl
such as methylaminomethyl, methylaminoethyl, ethylaminomethyl, ethylaminoethyl

and iso-propylaminoethyl.

20 J070] Examples of aromatic heterocycles inciude 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-hetarylatkyl, such as
2-pyridylmethyl, 2-furanyl-methyl, 3-pyrrolylmethyl and 2-imidazolylmethyl, and C4
-Csp -alkylhetaryl such as 2-methyl-3-pyridinyl, 4,5-dimethyl-2-imidazolyl, 3-methyl-

25  2-furanyl and 5-methyl-2-pyrazinyl.

[071] Examples of alkylaminoalkyl groups include C, -Csq -alkylaminoalkyl,
preferably C; -Cig -alkylaminoalkyl such as methylaminomethyl, methylaminoethyl,
ethylaminomethyl, ethylaminoethyl and isopropylaminoethyl.

30
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such as net hyl am nonet hyl , net hyl am noet hyl , et hyl am nonet hyl,

et hyl am noet hyl and i so-propyl am noethyl. 20 10701 Exanpl es of aromatic
het er ocycl es include 2-pyridinyl, 3-pyridinyl, 4- pyridinyl, pyrazinyl,
3-pyrrolyl, 2-imdazolyl, 2-furanyl and 3-furanyl. Exanples of alkyl
substituted aromatic heterocycles include C4 -C50 -nono-hetaryl al kyl, such

as 2-pyrid thyl, 2-fur. -methyl, 3-pyrroly hy]. d .

2-i m dazol y(lI h@%ﬁm@ﬁﬂoﬁgﬂ&@ﬁn@@%ﬂﬁwg Mdesclfigﬁg%l's‘h@ﬁﬂ@?‘m?ﬁlkﬂ’ pyri di nyl ,
4, 5-di net hyg;reﬁzrélﬂ} @?Z@ YhialldndmBibyky] sésh & didfe@¥dmiabfeRiyet hyl - 2- pyrazi nyl .
10711 Exanpl es of" al kyl am nodal kyl groups include C2 -C50 -al kyl am noal kyl,
pref er abl y dmetiglaningtthyl, dieitydahiopéthyl) dhn-gopybntipbethylrodet hyl |

met hyl am ng&t h\él , et.h%é g}gl nonet hyl , et hyl am noet hyl and

i sopr opyl antHGBIIRYIPMIBEFBY. 10721 Exanpl es of di al kyl ani noal kyl gr oups

i nclude £3 -C50 -di al kyl am noal kyl, preferably C3 -Cl16 -di al kyl am noal kyl
such as di net hyl am nonet hyl, di net hyl am noet hyl, di et hyl am noet hyl,

di - n- pr opy| B3hoExdyplemnihetetocwdip compbemdsninelubly byriding, Gy &dlé-xaidptwds, of

het erocyclic co unds, includ ridine, pyrrole, . jmdazole, oxazole,

Lhi azol &, pyreasls) Biasale et FrispYisoineoPYTERIIfinc, ymidies. 384 subrlitgisbst i t ut ed
exanpl es of I C1s &gﬂﬁﬁ#ﬂ . I LLrid.e
conmpounds ?’%‘E‘ﬁ%ﬁ‘ﬁ?&%ﬁ%ﬁ?‘%ﬁﬂ‘i a yﬁérﬁxt@rhﬂggg?g{%%o%g&? gr&[ﬁ é\éﬂ%l e met hyl
nitrile, anthchidbytrylditaild, alldyenitfiley dichSyifdradxampirmethybditrils, andethyiie nat ur al
and synfhetip_anino acids. The natural amno acids include all isoners of
the fol lbw wg:ﬂem ani ne, arginine, asparagines, aspartic acid, cysteine,
cystine, 3, 5-dibronotyrosine, 3,5, diiodotyrosine, glutamc 15 acid,

gl utam ne, glycine, histidine, hydroxylysine, hydroxyproline, isoleucine,

| euci ne, | yHi7ap, Suieibd amnindeicidahitdlydedaniralngd sprithtfid@mindeiciddeThd fata@ani ne,

t hyr oxi ne,
amino acids include all isomers of the following: alanine, arginine, asparagines,

aspartic acid, cysteine, cystine, 3, 5-dibromotyrosine, 3,5, diiodotyrosine, glutamic
15 acid, glutamine, glycine, histidine, hydroxylysine, hydroxyproline, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, thyroxine,

tryptophane, tyrosine and valine. A particularly preferred amino acid is L-arginine.

[075] In all aspects especially the first and second aspects of the present invention
20  the organic nitrogen containing compoundsare preferably amines containing'one ot

more alcohol groups.

[076] In all aspects of the present invention the specified organic compound may be
introduced into the manufacture or synthesis of the support. The organic compound
25  may be an organic template as used in the synthesis of the support when the support
is a molecular sieve. Such organic templates are well known in the art. The organic
compound may be introduced in addition to any organic template during the
manufacture or synthesis of the support. In all aspects when either or all components
for the preparation of the organic complex are incorporated into or within the support
30  or the organic complex itself is incorporated into or within the support, the support

may be used in the green state.
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trypt ophane, tyrosine and valine. A particularly preferred amno acid is
L-arginine. 10751 In all aspects especially the first and second aspects of
the present invention 20 the organic nitrogen containing conpoundsare
preferably am nes containing one or nore alcohol groups. [0761 In al
aspects of the present invention the speci fied organi c conpound nay be

I ntroduced | facture or nthe IS of the support.,.The organic
corpound. . ATEy THC TR Gt SoBTRSVAR erag e Sl STEALS I HS PG e
support whep thdemSHRRAKAI bﬁccﬁnﬁﬂﬂn@%‘hﬁ%aﬁa’lﬁi&@ﬂy RUGR PEYATHE ofanfel ates are
wel | known in the art. The organic conpound nay be introduced in addition

to any orgasincpausdmiaythe pmﬂenhlgl ELXh@s orl‘}dmﬂfealutr@d t form shmorgesic somplekhe support .

In all ts wh th t th t f th
or gani ¢ confiFal BF SoRRREaFapEd o ft SRR ROl e K eBpeR AL Wrsefhe
organi ¢ gonp @mp&,ﬁt@ bftﬂe%ataﬂﬁﬁélﬂ’f’ﬁ(ﬁi:v@ %étzﬂtt@ oﬁé oﬁ’Y'nEH:' Rgdli€ cSHPRRES - t he

support rmay be ‘used he ‘green state. 23 [0/71 The specified organic
conpound mﬂhlls aaydec Iaolaarapos:lf ilt ladnd leglheevlelbemdmgrcai tht capacity of theendaldont of
salt or co d of, tge cat al ytlchIEfL active netal. The org d: conmpound
maybe prese mplix B3RS OGANE AP B kAP B 9788016 FYRRPELBpl ex.

| deal |y thecéﬂgggwqh gtﬂﬁﬁcgw@tpr&@nﬁ%%r% gleEHH lér'm ch@sconvert all

of the salt conmpoun e catal yti cti to one or nore
or gani ¢ conmbesdetate [[idnsls rr&yomwltrﬁ)p(&slbtabme tivelk:of oﬁganiu @hgloudépendi ng on
the capacity of the metal to npl ex wth the organi c, conpound, the

capaci t P of Whisk ag I@é‘ﬂfﬁﬁéw&bm"t yith alj %F@)@a%bftﬁa]tl}ﬁ activemagialadhesse p r es ence
of other Coﬁpéu%'te[ﬁge% ﬁ&%p%% ARHGE PR coﬁ%iléég ‘?%P%%Vnc ¢ z)%(}sand@%\fe\éﬁﬂm |
possi ble to use levels organi C conpoun hicch are 1 hsu Cl ent to

conpl ex wi t futallydt nofy doheniic edtalltitdllyalctive metal sieesniit dhve baentdegsed fromr cunst ances
not all of the netal is converted to organic conplex and the resulting
catal yst na§PRRIExes wdé@paqom ewd meta dpteipacdigtes | Ideallye thermele rafinelf been deri ved

From "com! exee 30000 GOIDLAKSH, IELAm e LR AL S8yl ARSHN ok b5 101 ©

rati o of anrcoce rrpoun |ve net al the nol ar
ratio I’Iﬂlgel ef 4®:1] picferably, 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
may be present when the organic compound is incorporated into or within the support

during manufacture or synthesis of the support.

20 J078] When the complex is formed in a mixture before contact with the support the
mixture is usually and preferably formed in combination with a solvent, which may
be water or an organic solvent or a mixture of water and solvent. The amount of
solvent used may vary within wide ranges but is typically sufficient to ensure that the
mixture may be effectively contacted with the support so as to wet the support and

25  when the support is porous to allow penetration of the mixture into the porous |
support. Typically the salt or compound of one or more catalytically active metals
and the organic compound(s) are used in amounts which depending on their form
allow the required mole ratios indicated above to be achieved in the mixture. The
remainder of the mixture comprises one or more solvents which may be present in an

30  amount from 1 to 99 wt % of the weight of the total mixture, preferably 5 to 950 wt %
of the weight of the total mixture, more preferably 5 to 80 wt% of the weight of the
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15 1 to 40 :1, preferably, 0.1 :1 to 30:1, nore preferably 0.2 :1 to 25:1,
even nore preferably 0.5 :1 to 10:1, nost preferably 0.5 : | to 5:1. Excess
organi ¢ conpound may be present when the organic conpound is incorporated
into or within the support during manufacture or synthesis of the support.
20 [0781 When the conplex is forned in a mxture before contact wth the

t th i xt i | | d | i nbj nat i i th
sl vent . whiou] e s Sn BRH Pt AP HEAPR PSR SRR B A vt e and
sol vent. Thgh@RBHHrefefablysQ) %%twﬂ%‘%@ﬂ%@«)éeigﬁtrdﬁm fotail%ixéhga Aamgssalbut is

typically sufficient to’ensure that the nmixture may be effectively
cont act ed widlventhimay alsp be msslondke segondkaspedtef shayposant tavent® ntvederttdie suppor t

is porous t |l.ow penetration of the mxture into th or o support .
Typi cal 'y t REUEP APBIAER ERPTOROR 16 U CCHBPBORA TP LR ARHIEE et al s
and the orggpigstconpound(s) are used in anmounts which depending on their

form allowthe required nole ratios indicated above to be achieved in the
m xture. The remainder of the m xture conprises one or nore solvents which

may be present i 30 amount from 1 to 99 wt % of the i ght of the total
i xt ure, prﬁ-}rzél aﬁ'ﬁ fapﬂsﬁe@tsg‘ﬁp%ﬂalﬂ%m@?e finskaspest gher %)Fmﬁ'ﬂ%n ?%'ﬁﬁlorgﬁ%& ure, nore
preferably % i f : 1 ven nore
preferably ?0(5{‘ @g)g%mvﬁ yuga/g} %I? ﬁfehs‘éﬁe\%{f' gﬁ? a%#l B%ﬁggéhg%ﬁﬁﬁég @rﬁélg\r/@glﬂ 02’08'[
preferably @@ sbivefitandfordandr frésentdrirglationhationef tiod @mplext Dryéng Adgbé i onal
solvents may al sQ be used in the second aspect of the present invention in

order tH f&dugve spdermisnt sopdiHors sushas W%F@EWHW@%&W@B Reaelievedqui r ed
t f act . ial i p the first
L0 et 0L W s cSpBahALY Srere bR ks BSRERLTOSERERIAR gL, the T e

may and pr epefabibly, litde df he dedomposition®f esdrgaific céiples obventiumuckher wat er
present during formation of the conplex. Dryin be 10 achi eved under

: may /
anbi ent conéﬁﬂﬁ&ﬁ@s%@ltﬁ*ﬂfa@g%ﬁb’tféﬂ‘#féiﬂhﬂl@trf@nGYﬁtolﬁpgnmpbéefhﬁﬂﬂ@@ed at
el evat ed terr%%rrf%*sur es. Preferably drying is at a tenperature from 100 to 150
C. Preferabi y, T'ittle or no deconposition of the organic conplex occurs
during t3e

[080] In the second aspect of the present invention the support may be dried after
cach or all deposition stages. 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, for the drying stage which
20 follows formation of the complex 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.

[081] In the first and second aspects of the present invention once the support
25  comprising one or more organic complexes has been prepared the support is treated
so as to partially decompose the organic complex on the support. Although not
wishing to be bound by any theory it is believed that this partial decomposition
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
30  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

25



dryi ng phase and drying nerely results in the renoval of non-conpl exed
volatile materials. 15 10801 In the second aspect of the present invention
the support nmay be dried after each or all deposition stages. Drying may be
achi eved under anbient conditions such as roomtenperature or this may be
achieved at elevated tenperatures. Preferably drying is at a tenperature

from 100 to 0.C., Preferabl for. the dryin t.age . whi ch 20 fall,ows
formation o a%ai}zﬁé. é(?ﬁﬁ"!p&?a atiﬁaﬁnéet%rrmﬁ%e ﬁggﬁ}{rﬁggeﬁ?l?'@‘ﬁugfac?%mBVI‘féﬁ conpl ex
occurs duri fgmtofehedhytalen Meaaspsnshdbhy 181 SEdi§leYsidesttht thekd) oh i r enoval of
non- conpl exed volatile materials. 100811 In the first and second aspects of

t he presentstpponTheprosessefithaepresapp orvent®® prodynck satakysts izt opmpisee or gani ¢
conpl exes has .been prepared. t.he s ort .is treated.. s to.partially
deconpose t‘f‘?ialgtﬂcﬁgﬁiaﬁu ceplﬁﬁﬁaglgﬁﬁh#ﬁ% rgt?ﬁﬁ%hsmaﬁdaf“ﬂh{%ﬁ’ %ﬁﬁerse\ﬂj i‘_ﬁi ng to be
bound bys anyadiaORY ldvel bidigRkdiey Rdelahiddly abk. partial deconposition results
in the formation in-situ of one or nore precursors to the catalytically

active netal sites. It is believed that it is, in part, the formation of
0 subseq'?en nversi on that, ensyres that in

t hese precu s, and their t c
these aspeolB2l nis i avroit af (e piasc,inyastion when gieRegrde e i ay i ¢

act i vity and el phiubRYS ik oRiRle S SABESh BRI adichgbal ySt. A

i nportant paranmeter 1 n the activity of catalytically active neta is the

f orm of t heparétlakizonf i Owm v pparprefaradlt $ren belesd, and mubstsgrefesdbdn6mh ok legs.met al  on
the support. The process of the present invention produces catal ysts that
conpris catalytically active netal sites that are relatively small and

comr i & | |
Ct oo . | oaZaS ks rRE lcafiehpfts s Emeflol SR BB I A0 ¢ e

to rel ati veduppossethanktab@dtalystpand metab surfie afdal e Feiicrhl Béthed fartmdasuriigant net al
particles with an_average particle size of 10nmor less, preferably 8nm or
| ess, and sl priace pep by chamisgrptiondsdescribed in J. Lemaitre et al,

"Characterization of Heterogenous Catalysts", edited by Francis Delanney, Marcel

15  Dekker, New York (1984), pp. 310-324. The total metal surface area is ideally within
the range from 0.01 to 30 mzlg, preferably from 0.05 to 25 mZ/g, more preferably
from 0.05 to 20 mzlg, even more preferably from 0.05 to 15 mzfg, more preferably
from 0.05 to 10 mzlg, even more preferably from 0.05 to 5 m?/g and most preferably
from 0.05 to 3 m%/g of the catalyst. From chemisorption measurements, the %

20  dispersion (% of metal atoms that populate the surface of the metal particles) can be
estimated since a properly chosen titrant used in the chemisorption measurements
adsorbs only on metal atoms populating the surface. Consequently higher dispersion
values indicate smaller particles with more of the metal atoms populating the surface.
For many hydrogenation reactions, activity correlates with dispersion. The preferred

25  method for determining metal dispersion is by using hydrogen as the chemisorption
probe molecule under high vacuum static conditions as follows. The sample is held at
a temperature of 40°C and an 8-point isotherm (with pressures between 10.6 and 53.3
kPa [80 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

30  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
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[ 0831 Chem sorption neasurenents are commonly used to estimate the size of
supported netal catalysts and netal surface area. The general nethod for
measuring netal surface area by chem sorption is described in J. Lennitre

et al., "Characterization of Heterogenous Catal ysts", edited by Francis
Del anney, Marcel 15 Dekker New York (1984), pp. 310- 324 The total netal
surface area i he range from O. 01 / referably
from 0. 05 t'&P % c*’rri‘é’/(%te té?’@&?ﬂﬂdﬁoa Weh #seEt ’tOBl 3% %4% nor e

preferably fd:08m 0f 8% \;v@akla'i’lsmlgn 1s‘i§ﬁfeﬁn9§ &lig ?@ﬁk@)ﬂ tOfZéI%rBI'QSSQIFé thQbkth 8/ 9. even
nmore preferably fromO0.05 to'5 n2/g and preferably fromO0.05 to 3 n/g

of the cat admasnty Hrvorakbyhdheirg sorpedi hyldmmas Eiuﬁmtltm of thiese 84 algkissper si on (% of
nmetal atons t ulate t urface of e, net al rticles n be

Tt o el GRREbE ahd R Rk fiossttipanid hand R hephEd i %9'353 on

measur enent guangfs ThRSHAhYHeH Hﬁgcﬂs v@ﬁlgyﬁ)rmlraﬁﬂe Cﬁ ErsiH frRce.

Consequent |y hi gher di spersi on val ues 1 ndicate sna partficles with nore
of the net adispdrsios dpopulvedkinchentisorbed iyaitegen aﬁdldlspans;onmwrtoglem@y on

et or i i g RESHro% SREREmor ¥ Ay TuShh Gty Oarsaeld Ree@is b prion
pr obe nol ec i %ﬁqE The sanple is
held at a %ggﬁn%g%:%ta {Er‘ﬂt}g&g@%g@]an %ﬁﬁ 8ﬁ1ptg| r}idsro gf}?neg %h%\é%ertzélssures

bet ween 10. disgmsioh Bigtres pRevidedQirababed 0l theotota) khermsmibt:capmd and afrechatigpligs t he

chem sor ption probe nolecule. The |inear portion of this isothermis
ext r apoltit eltq ﬁrozlgraadme@ﬁameom@%dfiahwr@w yention by pyetsred that 81 hydr ogen

chem sor bed; d'r chafich &Raﬁ QH&' Qﬁg%gfgﬁﬁﬁgﬁkr%es %’I&g @QMe%tfoﬁ [yt hen_evacuat ed

at 40Ctor any Weak y adsor ydrogen an itratfon 26 r epeat ed

to determ n@aﬁaﬁbu&a@a&n&d ekOcsa of %A kn@d pesf@rablgnn esakhef 26% hhée | i near
portion of this weak adsorption isothermis extrapolated to zero pressure to
obtain the m&ﬁidﬁﬁfﬁta}ﬂ)bm%%ﬁﬁlofl3ﬁ%erhl§6¢lb%t%%1(ﬂlﬁ%’@@wﬂ‘Sdﬂﬁsri&éﬁeéﬁo f these

two val ues jl§l’/ é)dectgrngh/ 1%%)(?68?8%%, Hl%gpqe a%brdﬁl&g ngb/oy%n?ci 1%% the strongly

hel d cheni sor I‘OVI es val ues or the total

met al  disspepeiepibly hh@megbl HFers e ncHbeed Q’r&ﬁ@%l}%}ﬂ% oft®e¢ bEde utslrmgen and
di spersion due to str ongla;
dispersion relates to the strongly chemisorbed component, more preferably 45 % or

more and most preferably 50% or more.

[084] In accordance with the present invention the organic complex is at least

20 partially decomposed. In the context of the present invention “partial
decomposition” means that the chemical composition of the organic complex is
varied; this may be due to a change in the structure of the organic complex or may be
due to the chemical destruction of part of or a component of the complex. The
method of destruction is selected to ensure that the removal of non-metal chemical

25  species associated with the complex is incomplete. 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

30  art such as infra-red spectroscopy, mass spectroscopy, thermogravimetric analysis,

gas or liquid chromatography and spectroscopy.
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chem sor bed hydrogen. The value for the strongly chem sorbed hydrogen is an
accurate indication of netal dispersion. In many prior art references the
nmetal dispersion figures provided are based on the total chem sorbed probe
and are not split 10 into strong and weak conponents. In the present
invention it is preferred that the hydrogenation catalysts used have

di spersi on |Lues relating to the strongly ., chem sorbed conponent i n excess
of 20% nor elv_@éﬁf Arapety qfﬁnf‘éﬁefbggayol?e %¢?%wéucmlalﬂew1&9{$ﬂ}ewr%ss of
30% In addidt t |, - cli ' ' : 9 ahly in
xcess of SOULT sy Sh IRIRREISHI KRS shoh BERERTR) Bl BALEHEBLY "
excess of 68&oarmesitiohisected. byRhefreatalphtywith %oidor biscerokotider similal net al

di spersion relates to the straongly chem sorhed conponent, nore preferably 45
% or rmore SR SEUYR BAKHAS) Ptg%%%hoqﬁ@'emd%%maﬁlﬁl dreempagiierngiudg t he

present 3“"&1’8{»&%@1@%%5%899& rﬁﬁr\g%lﬁ.??floi‘ éa,l&hath%gﬁ&h doggﬂﬁa{ Eﬂe?]!lé reflfEgnposed.

I n the contéx e presen on " par onposi nmeans t hat
t he chem cametodpadthtpattivubl prdferepcdisemcoicanpl clkcinBiony & fiedher ibihed iy be due
to a change in the structure of the organic conplex or nmay be due to the

cheni cal degﬁatmémwﬁh&ﬁa@ahor@fenwpdan@gﬂﬁdwé@w%mwm cagipgloakintipe  net hod

of destruct RS oPELAARG i AiCORHFpbRhy WNGel AR Haknfihy RRHYRERLN chem cal

25 speci es assocra e conpl ex i's’inco e par

deconposi t i gy ibs omftiel. tOtheBkbHOhEt inBy Bé idtalad 1086 thaPoGIATEAOEE tHadthet hat do
not normal ly occur under the drying conditions tﬁplcally used in catal yst

pr epar at onoigenik sgmplerHa comvgrigé o etalytiqatlyieetiveametabiyush ag fmsaemplesmdeder t he
conditions of, t.he second .stage may b et ect ni tored using various
anal yt cal (eniE sOESRRRAR AP TRs ORmeliERAhiRs L R ARERNES 17 ot e

spect r oscopymbiBERnERGEIalieS LAY aspbhts bIg Rt MBhVdkioaNiad yail gas or liquid
chromat ogr aphy and spectroscopy. 27 10851 A variety of methods may be used

to induce paedompbositiesmaydiciashieved bhimtroduging the suppast eompriviesergamiel ude
e ol e BT 0 A L34 G RS
15  complex is decomposed under the process conditions of use if the support comprising
organic complex is introduced directly into the catalyzed process or under the
conditions used at any point of introduction of catalyst into the process plant such as
the conditions in a catalyst regeneration unit or catalyst recycle unit. It is also
envisaged that when decomposition is achieved in the process of use then the
20  conversion of the 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
25  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
and/or other formulated components. In these additional steps process conditions

may be used that result in decomposition and/or conversion.

30 [086] When calcination or pyrolysis is used as the method for partial decomposition

of the organic complex the exact conditions used will depend on the nature of the
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chem cal active materials. Oher nmethods for inducing partial deconposition
include 5 thermal nethods such as pyrolysis and/or cal cination, both of
which are the preferred nethods with particular preference being given to
calcination. A further nethod is treatnment with steam In one enbodi nent
the pyrolysis may be carried out in the presence of hydrogen; in this

nbodi nent b t.treatnent with h ] b itted. Oth
et hods. t nafonals B treerions i AR sl e e et B £V ani ¢
conpl ex i s gRpLRRedBY sk tRintoafAth ¥rid tdSls 'E?h?als% }ﬁigeﬁ%%%@ REkeXAAP| e under

reduci ng conditions inh the presence of hydrogen an r n an alternative
enbodi nent ¢amtnoledithieomaltdscamposaBpeet the ofganiveopipdseinis possiblettd detetrhime par t i al

deconpositign be achi eyed by introducing.the su rt comprising organic
conpl ex i nt 8 L THREHE £ st wndss ctlcipRimcentioss pf PYeplystoneediertbei mont < t he
or gani ¢ 515 ﬁl?c_mi’H@é&n&lﬁasﬂﬁﬁ%ﬁ@Q&Qﬂdé&ﬂﬁ%siﬁ&’?o%@%ﬁ‘@ﬁicﬁ?@@l& QR8rsOfhigse if the

support conprising ‘organic conplex is 1ntroduced d tly into the
cat al yzed pmdress tlertempdaturt renge epwhichitlin pantisbdecampasitiop siape stofald bt r oduct i on

of catalyst ipto the proces ant such as . the conditions in a catalyst
regener at i ot ﬁ%e%ﬁlgﬁgl‘?&‘%{‘%?@fyéeghf f”.frarrFSiSEech’%‘iﬁ’pyétrfW%Bﬁed t hat when
deconposi ti i i in: : : . jjon of
the par t1 al 1o o oo i AP ahiIp, DRSS 1
al so achi evfrdmion fodvedsarie: @eate ssmplekhihe tanpdraigret hevidechipasitsiiDirelow

subsequent to the deconposition in a separate conversion stage or .unit
where tHE cthgdotal ff?ﬁemﬁaﬁr}ﬁﬁlétemﬂer%twmy her%siﬁ%eﬁ&é dhedemppiatyse &rggwmgﬂch as
t hose prese i .catal i . L. truction
and conver oy sslhelERR tkEbek GRRSHAR Xan inind SRKGHT i or BaBuRE "0 pe

such as whefriddrequiaddadsythé ogdpio@binpoondidcesidigy ©rthaiviventianiplisike f@mation nul at ed
into a final catalyst conmposition that nmay conprise one or_nore binders

and/ or ot hef Het vibifasion dapdvipatroned in the infrased weaie pidivhvean d98-23P868s s
conditions 1 . : r i ; Ltion Can ion. 30
C00861 wen MRV eREGHAE AARR ERUbILaBRIIRARNSLARAh AL pERAB A, O
deconpoBy t i Renitriles bdifg pregan i theQaRiAl debémposad brgaaidiokhiphds Anse@drwW | | depend
on the nature of the 28

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.

20 [087] In all aspects of the present invention when calcination is used to partially
decompose the organic complex the calcination temperatures used are typically
within the range of 200 to 1000° C, preferably from 250 to 600° C. The exact
temperature used will depend on the nature of the organic complex. Factors that may
affect the decomposition temperature of the organic metal complex include the nature

25  of the metal and/or organic compound within the complex. Another factor may be
the nature of the counter-ion present when the metal is introduced in the form of a
salt. The support with the organic complex deposited thereon is calcined at a
temperature that is less than the temperature as determined by TGA in air, at which
total weight loss of the organic complex occurs. Preferably it is between 200 °C and

30 the temperature at which total weight loss of the organié complex occurs. Under

calcination conditions oxygen is present either as a component of an otherwise inert
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conpl ex and especially its thermal stability and deconposition profile under
el evated tenperature. By using thernogravinetric nethods or nass
spectroscopy linked with controlled thermal deconposition of the organic
conplex it is possible to determne at what tenperature either under
calcination conditions or pyrolysis conditions the 5 initial deconposition

and total deconposition of the organi.c canpl ex occurs.. js indi.cates the
t enper at ure‘%f“é?ﬁ & 4 PR R ¢ @P’tafléﬂl %B‘gg&ﬁ% i ‘?Hha“é;(’gb@ @ﬁ&ﬁ?la_lsoe
under t aken. g8l tgs PRblvvie Wam%dé@ﬁde}i $£5h %ﬂ'a%é@ah&x%@re%&ﬁ%&&é&%%{ aht may be

determ ned at what point in the treatment a certain functional group is
ei t her renvatewsplerothabalsd masnigglini convdrsion tgeatilpticablnakeyws metabsuchraper at ure at

which this occurs if low 10 the tqtal deconpositio atyre may be
el 6t ed as TP COR g TR s PFeNey HoEBHIGErObR [ he case. of
the am nes &Q%Eﬁ' GWHad ng?'cq'}}s‘?é(iélus&f Dl Rrgalc ctolﬁﬁjll?fé:s ﬂﬂlly ﬁg&'}glgéosre%ﬂﬂfr%[‘l&d as the

organi ¢ conpound acco ng to the i nvention S mat 1 o of new
vi brati on btamgsratures thap fleae obsertddamidarf cadcinanspeditivas. aAs béthweleimafld®0- 2200

cm 1 and tentatively assignable to conpl ex carbon nitrogen species such as
nitriles and®ignpe %Pp‘ieég’yﬁgysﬁgc%‘ldgg’é‘ﬁtfq PATHRSICEAIPPSIIPRMAR BB npos ed
organic co . %%t] qrﬂ:‘?}? - I !éﬁ{ﬁanal ysi s
shows t ot aIn&{J'\;[\grli<ﬂ éﬁt oﬁég t ?%?‘g%?%‘%@@%@%ﬁ@gﬁ%s el ow t ot al
wei ght | ossderaypbsitise heddrggrdlgsis @aitioak in demenpassdphers.or 20dér08rbken,n al |

aspects, of the present invention when calcination is used to partially
deconpokk t the sepPReELVED EsrRseaiic epraplen denasied BisracrApRY alysedis andeer ar e

typically QMnto H?:é% wﬁpﬂﬁdr%?fggtéﬂg‘%gtg% tfr%t 19'16%% ﬁ{aﬁtﬁl te %%ggst o 600 C.

The exact te rature use epe e nature 0 e organic

conpl ex. Faddierfinddigst TGAYin adfif@citniodphetieconieshdrogent erpkichtatslevafhtt he
organic nmetal conmplex include the nature 25 of the netal and/or organic
conpound wi lons of the ergapieplomplesprsutse Prefawebbyrit isdptveen 20AECrrmdube of the

counter-ion,_present n, the nmet is introduced in the form of .salt. The
cupport wi ¢ KOPREH ghren IR, M e sty PL ARG Fiphl e G ™
t enper af3ur ecdpigtons $n hiefRritdd@bsphbR drvBe IRken APheA@bSoH AR ANg dfghnicn ai r,
at which total weight |oss of the organic conplex occurs. Preferably it is
bet ween 200campleximay be calcined or pyrolysed at the partial decomposition temperature for a

period of time that is sufficient to ensure the partial decomposition of the organic

complex occurs. Typically this will be for a period of at least 20 minutes, preferably

at least 30, more preferably at least 45 minutes and most preferably for 1 hour or

20  more. Typically the period of time is 48 hours or less, preferably 24 hours or less and

most preferably 12 hours or less.

[088] The support comprising the decomposition product of the organic complex(ie
the product of step (b) of the process of the invention) is a catalyst precursor

25  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 partially decomposed product of one or
more metal containing organic complexes. It is preferred that the catalyst precursor
exhibits dispersion values, when using hydrogen as the titrant, relating to the strongly

30  chemisorbed component that are less than 1%, more preferably less than 0.75%, yet

more preferably less than 0.5%, even more preferably less than 0.25% and most
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30 the tenperature at which total weight |oss of the organic conpl ex occurs.
Under cal cination conditions oxygen is present either as a conponent of an
otherwise inert 29 diluent or as a consequence of cal cination being
undertaken in air. When pyrolysis is used the pyrolysis may be undertaken
in an inert atnosphere free of oxygen or in an at rmsphere that al so results

in conversion.to.cafal yticall ctive.nmetal such as dr oge

cont ai ni ng HF#‘?B%’%@“‘% R AR T QFGQBWSQrSleé‘h’fabtﬂe"B}(%‘fe %S%‘BP@&% When
pyrolysi s ignd$8cthbh iRl BRARHEcHHO Ik S ScImMisd @R BPARSe AlfraliedBBdorption
tenperatures than those obser ved undef calcination conditions. W th

cal ci nat i orbantihwithisrihe range QéOO-aa@letmpylpbplysam 1mﬂ1n@r¢-dmmpoﬁ@torganc| al
deconposition det er mi ned us a.var i et ods of ich TAA is
preferred. pq%é fl?ea?re‘“ﬂe(gg:lﬁﬁd@faﬂs éﬂ?’%‘l wereht %fﬁghl n an inert
at nosphey e &Egu&%ﬂ @?éanh:y&fnﬁﬂ@ﬁf‘ thikQhé Bi%c&‘é@ﬂ@faﬁns"lﬂehbe&h@ £19%8), Gy 4R

deposited thereon s pyrolysed in an inert atnosphere or under %Hdrogen at
a tenperat ucufeht'c Watght sttriterel tbhhmorrglamctcempbmaltﬁar dryarg thel stygpont witld cdpl&GA | n an

i nert atnos under hydr ogen t whi.ch, t ot al i | oss .of .the
e Betsahe | TppEeUsAB P toribly ST hEOROL DR A YRR fper at ur e

organic co

at whi ch t of8hyeiiiit Bfthe! ﬁlai)f:%ﬁl %x%&% @fcﬁﬁ%ﬂ Fe%aﬁ&ﬁ#f}o%d‘ﬁd&fmmﬁr@' ysis 15

conditions I n an I nert nosp e or rogen e support conprising
organi ¢ coppfeeablyrayy tch¥)% sdndimesd pmferplylymbyséﬂ%atlt shisopaprbpaty aegbonposi ti on
tenperature for a perjod of tine that is sufficient to en ure the parti al

deconpost t i BRCHFOrt L@%ﬁ@c cEBRisKdx Pyially decompgs ﬁhpvtstlﬁ WhgR | be for a

period of afnlea%k C?;Pfo%’lﬂé %?ﬁ%@%?‘p ﬁ‘xitaﬂfs ih %%%épthe "B F}Ecﬁfcﬁf@b' y at

| east 45 m nutes and nost pre our or nore. Typically the

period of tienwpetaturdequirad so @tudecths ﬁﬁ@r@ﬁ«hmbMytaEélmhpiamo cutalgadlyand nost
preferably 12 hours or |ess, [0881 The support conprisin the deconposi tion
product of 3dye sregplrnref exabiipit dscqtileast Phen sresan arore prafergply e B excas: process of

the | nvent| ke Brah 3k MGSULIR oA RPEPHOA, Bl 8B BLRHPPOT !

mat eri al st one ‘sourcé ne or* nore y active netal s
deposi ted oRdtdidnserapatturérat er i aI, V\/nerel n the source of

[089] In accordance with all aspects of the present invention after partial
decomposition of the complex the partially decomposed complex is converted to
catalytically active metal. Preferably, the conversion is achieved via treatment of the

20  partially decomposed complex under conditions to reduce the partially decomposed
complex; in the presence of a reductant source. In preferred embodiments the
reductant source is a source of hydrogen and/or carbon monoxide. In further
embodiment in relation to all aspects the conversion may be achieved by introduction
of the support comprising one or more partially decomposed organic complexes into

25  aprocess designed to use the final catalyst; in this embodiment the conversion occurs
under the process conditions or the conditions present in a catalyst regeneration or
recycle unit associated with the process. In a preferred embodiment this treatment is
undertaken using conditions and methods normally used for the activation of
catalysts. These conditions and methods are selected to ensure that the catalyst

30  precursor is converted to catalytically active metal. In one embodiment the treatment

with reductant e.g. source of hydrogen and/or CO is carried out by contacting the
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one or nore catalytically active netals is the partially deconposed product
of one or nore netal containing organic conplexes. It is preferred that the
catal yst precursor exhibits dispersion values, when using hydrogen as the
titrant, relating to the strongly 30 chem sorbed conponent that are |ess
than 1% nore preferably less than 0.75% yet nore preferably |ess than
0.5% even nore_ prefer.ably less tha 25%:.and . nost referably 0%

Accor di ng. 8Py ey EREP el dafodBet (OB M e et ShERTRY on

in their infedactif@.&p86HICa of hfdisgdeW/ WP £6m 3080 00T, HeferbblyofréBd
absorption bands wthin the range 2100-2200 cm -1 not present in the

pr e- deconpob¥btodbgahi evengaers pesferatrlydrqm e8¢ s 0 &), 9ud mestpraterablgfrgmi f i cant

proportion t ight _of the 5 original or i onplex; th t he
precursor réé)éoaﬁc’%o%\gt gﬁl?ll eg‘ﬁ%}mgggfo’e%)} cﬁ@?ﬂﬁ%@%ﬁwﬁwggﬂ@i%ﬁgﬁaﬁ& ributed to
the or gai Cedi@iRl dfrodl 5850 0% BY vbReheSHTIPOINY HWrh D 6 90%] BXvolifé BEN,.t her eon.
The precursor preferably retains between 20 and 75% by wei ght of the wei ght

of the ori gPheaireatoam rexy baeardepowivadery gontinuewst Fiw of teductantggsowvent nor e
preferably t o 50% st, preferably up to.40%.1t i.s.also a property
bt *the- 20° piBtsoandln E15 wiEE iRt o ior SeftRicongisBt & pos o & hat

i ts reducti QayvaidEpRALAYPRo 100 har, Rdrenlsatidlonthat ahdr¥ p?é}‘éﬂalﬂg "BAlbat.S N
excess of the normal reduction teéenperafture required to reduce the fully

oxi di zed neThd activatpdremay be ondeatafen Galalpgriodof iy ® 4fchalrs, ppefefablyadsl potet i s at
| east 5% i n_ ex s, nore preferaply 10% in excess, even nore preferably 15%
- oxcells aieh o Counsy Bp BB YOO RY a4 BUS GICL RS AP T8 PRAURY | on®
tenperatur ey, f rd. TnARERIHFNE L cPhd Rpdlis Fé‘?fé}ﬁ‘ﬁg%@iu PB&% c&‘hgﬁﬁﬁ I nvention
after parti al econposition of the gorrppex t parlp al Iy deconposed conpl ex

i s convert ephrtially deabmipy$ddoaindplexais ek pesedid slductBntef. @ selxcy of hyroganrandfosi on i s

achi eved vig treat mth .of the 20 partially decopposed c%‘o ex_lund}gé
condi tions t8 &t atRsehenirPissirs A e rmpsiivedasecHrdrieol 4 & mHe Blsence of a

reductant squifien: pBhekeLhes AR TBihRo! HSonk UG ARyBRNY §1d S @ source

of hydrogen and/or carbon nonoxi rment 1nrelation to
al | aspert shdurg peefnablys? B heyes bed mokti peefechbhy3 iong hadsidhitlenfirst and

second aspects the exact temperature and time are selected to ensure that under the

bands

reductant treatment any residual partially decomposed organic complex is removed;
therefore the reductant treatment temperature 1s generally higher than the
decomposition temperature of the organic complex and especially the partially

20  decomposed organic complex.

[090] Ifa plurality of active metals are to be applied to the support and the
application is carried out in succession, the various process stages of the present
invention may be repeated in order to deposit cach metal in sequence.

25

091] The total metal surface area is ideally within the range from 0.01 to 30 m%/g,

preferably from 0.05 to 25 m?/g, more preferably from 0.05 to 20 m?/g, even more
preferably from 0.05 to 15 m?/g, more preferably from 0.05 to 10 mzlg, even more
preferably from 0.05 to 5 m*/g and most preferably from 0.05 to 3 m?/g of the

30  catalyst. The metal surface area may be measured by the chemisorption method as

herein described.
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of the support conprising one or nore partially deconposed organi c conpl exes
into 25 a process designed to use the final catalyst; in this enbodi nent

t he conversion occurs under the process conditions or the conditions
present in a catalyst regeneration or recycle unit associated with the
process. In a preferred enbodinent this treatnent is undertaken using
condi ti ons and net hods nornallé used for the activation of, catalysts. These

condi ti ons B84l rBegerdalyss ablamed droaythe prosresss et the presepanyentionyaay b80 precur sor

i's convert eﬁ’ser:l?n g %@é Vérie%%b%;?roﬁl%éés gr Rk veréi@@gm%gﬁL dst\/l;}grée{ eat ment

wi th reductant e.g. sour rogen and/ or carri out by

contacti ng ¢Hemidl r&ieipw bEcusoaml is Shtalyzed niaddityyndecoareakdbodigd flomWw t h a gas
stream conpri sing _reductant e.f%. a source of hydrogen and/or CO at from 30
to 600 C, phefisstand yeqondgspectiorfithe Brseentinvantin way be Bredria aapfy vanednrLo0 to

500 C, d r t ream
conpri 3252 f%gésﬁégdir% %g{gﬁgaﬁn%@?@fﬁﬁfgﬁégﬁg’% tné’&ﬁ.{;‘e roﬁé@gyg%ﬁ%ﬁg/ﬁ by

vol ume of Ha dade th comredt draem0Ve Yativelyusiallaimd\dts of Th@ufitieatinbi nmay be
carried our under a_continuous flow of reductant_ e.g. source of hydrogen
and/ or CO ufihdicatinnhe grasstiads eiteined fremdhe pisgesseselthe preseHdntentor may beel evat ed
pressures ugtitngag,ggsoraern,ts preferably 1 to 90 bar, nore preferably 1 to 20
bar. The activation nay be undertaken for a period of up to 48 hours,
preferably no nore 10 than 36 hours, nore preferably |ess than 24 hours, and
most preferably from30 mins to 12 hours. In the first and second aspects
pref eralfl y 098] sQppaticulevinterestiimthe poesent inv¢ngiod ax bpoehgtienapCexliqud exposed

the tenper anipaaraRSdirEs kP AR Pl Blns S BRERY et BLARS ot ure
wher e reduciAadbastHt 8GHcHBR Eokditi GRNVIINA Bfall QTobBrihdd frdiR thelprbesddd abSordRiar S,

preferably 2 to 8 hours and nost preferably 3 to 6 hours. In the first and
second aspetttbe fitst and second espsetsaf threeprasedt invendicmr e sel ected to ensure that

under the crant treatnent .a resi dual partjally decopposed organic
conplex is Fog%végimmt:ﬂ]é’f BHGPE 1 ﬁéﬂr‘fégﬂﬁtc'flﬁ‘?ﬂuof‘r‘%%‘? ﬁ’é%?n‘?"g Rg&ga?lﬁ_r eis
general{y hb&@%unﬁ@@%eéi@ﬁy 6488 BSstih ABmbEIRSF i iAtiAks S\R1M0F SHMifing OMP! ex
and especially the partially

compounds especially organosulfur compounds, with materials obtained from the

processes of the first and second aspects of the present invention, in order to remove

some or all of the sulfur from the organic compounds. Preferably this treatment is

under the normal conditions for Sulfur Trim treatment and in the absence of

20 hydrogen.

[095] The process of the present invention is further illustrated by means of the

following examples.
25 EXAMPLES

Example 1.‘Hydmgen treatment and Measurement of H chemisorption values

for supported Ru catalysts of Examples 2 to 10

30  [096] (A) Activation. Approximately 0.3 to 0.5 gram catalyst was loaded in the
chemisorption cell, reduced in flowing hydrogen at 101 kPa (one atmosphere) total
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20 deconposed organic conplex. Q0901 If a plurality of active netals are to
be applied to the support and the application is carried out in.
succession, the various process stages of the present invention may be
repeated in order to deposit each netal in sequence. 25 f091 The total netal
surface area is ideally within the range fromO0.01 to 30 nR/g, preferably

fromO0.05 to 25 n2/ g, nore preferabl) rom.0.Q5.to0 20 nR/ g, .eve re
pref erably IPIFWP()?IG%C {e@pfﬁat%llﬁ‘ﬁcﬁéwgeﬁelrtagr ﬁl‘? FORRlES Ugreth(?aTB tﬁr’rrg‘/e ., even
nmore  pref efallyadclioMidin RPathR o2 27E/hfin aWha@ et (hi ©faBERRIY £l Rk Qo%'é. to 3 nk/g

of the 30 catalyst. The netal surface area may be neasured by th

cheni sor pt i Affenthistozhtrasnt thecailpstdes eclitda arf2eddy0oP tscTdse mlydtyst s obt ai ned
fromthe processes of the present invention may be used in a wide variety
of processes for the conversion of organic conpounds where a chem cal
reacti org oc ' : it i | from
he 111t am o e b B Bl R A e L e
vari ety of &orpitcoss dder flerhydiveet treatthmmantndet (AY lgainogenoeaspbernplanped off xt ur es of
or gani ¢ conpo ngs i.n order .tq_convert or renpve relatively small  amounts of
i npuri ti es; WRGET fipamic yaeun: frilgr nwuirs Ak e dedichpl nrrsdatiiegRticHed B ocesses

of the presepti.d pvoegl_hﬁfgpﬁgpégaﬁ?e waS WS 46%%{%25-393%%&%%](@C5+ i qui d

particular interest in resent invention is uction
hydr ocar bonprefsueds trtvgedr i0gemdaFtl3 RBP4 (Borandehi0 xordewsystthiasd asigabl; bytheont act of
the said gas at reaction conditions wth a catalyst obtained fromthe

processHs aghesrsnaton pibe molgqules  Thedmeatpastion akthisdsathem pasexrapelatad
. el N . ; : T h
I nvention {ooz%fcégr%su?% defeath e eggaﬁ gﬁﬁﬁ@ gﬁ%ﬂ%ﬁ@gg@;&grﬂeﬁy %@Eéalg Ohd e

treatnment o nic conpoun spe ons i m xture with

quantities pfT#bldsf Uio TRMhatslumg latketstos Wighers@sn@oindine)). OTIgasaaRId Wby
conpounds, with materials obtained fromthe ﬁrocesses of the first and
second aspeetasuged el brte sapeve) any avpaklyrpdserhed e gangnddhtjgation repeated

to determine the weak adsorption isotherm. The linear portion of this tsotherm was

15  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/Rugyface ratio of 1.

20

Example 2. Preparation of organic complex comprising 0.5% Ru on Si0Q, using

aminoalcohol in impregnation solution

25 098] 15.00g of silica support (S.A= 85m”/g, P.D.=50nm) was impregnated with
solution prepared by mixing 5.01g of ruthenium nitrosyl nitrate (1.5%Ru), 2.23g

triethanolamine and 1.77g water and dried at 100°C for four hours.
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sone or all of the sulfur fromthe organic conpounds. Preferably this
treatment is wunder the normal conditions for Sulfur Trimtreatnent and in

t he absence of 20 hydrogen. [0951 The process of the present invention is
further illustrated by means of the follow ng exanples. 25 EXAMPLES
Exanpl e 1. Hydrogen treatnent and Measurenent of H chem sorption values for
supported Ry ) l%} (A) Activation.

Appr oxi mat € moan oty as roaded 1 the chem sorption
cell, reduced in flomnng hydrogen at 101 kPa (one atnosphere) total 33
pressure at the tenperature indicated in Tables 1 to 5. The sanples were

heat ed to tH989] fApartianeefisemplerirens Framatad éfawlg@dmﬂmgﬁmaaﬂm this

terrperature for three hours t cat st was
activated afBPFRINS “ASFamR L %l@éﬁtgk%?@té 3%‘%@%[ a%%em sorption
”EasureQEnténﬂ@&ﬁu@bTﬁhQﬁﬂn&ﬁ@%ﬁuﬁ&ﬁEhﬁeBm&ﬁhﬁﬁﬁﬁﬁﬁhnﬁﬁﬂﬂ&kbﬁﬁﬁw After the
hydr ogen treatnent under hydr ogen was then punped off under dynam c

vacuum f or ddBnEex. mcﬂmmsomtlom heaswciuattiven nalepeartbis samplerafiechydrdgdnn  Tabl es 1
to 5. The tenperature was |lowered to 40C and an 8-point isotherm (wth
pressures b@%@@%‘ 10.6 and 53.3 kPa (80 and 400 torr) was obtained using H2
as the 10 chem sorption probe nolecule. The |linear portion of this isotherm
was extrapolated to zero pressure to obtain the total quantity of hydrogen
cheni sor bedExainpk 4. s [Gomparison]. Cakimgioh dfeatlyst of Egampleito 463€1 ed %

di spersjon (conbined). The sanple was evacuated at 40C to renove any weakly
adsor bet hydrogen and the titration repeated to determ ne the weak

adsorption rapol at ed
fo zero pr ol AMLRPGH obBffof Tkl Shvel Ml SALOG 403 PHRaiL (on.
Thi s is showre éffl “Tahlies 40000 abd asldtahmacteknpefauhmlieﬂ FHovs.dTkipetssitedin weak) .

Subtraction _of these two val.ues éﬁel ds the strongly held chem sorbed
quantity antheicempletiodisommpositien pptsyraayia comrex.He Wlﬁmﬁl%ﬂﬁﬁ%%eﬂtabel ed %

di sper si on évgg Irngﬁ'e%n this sample after hydrogen treatment.
15

[0101] Table 1 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 3 and 4. 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

20  destroyed before hydrogen treatment and it can be seen that the chemisorption values
arc substantially lower and are unstable as they decrease as the reduction temperature
is increased above 250°C. The higher values in Example 3 catalyst remain stable

during reduction at 400°C.

25 Example 5. Preparation of 0.5%_ Ru on_ SiQ; using aminocalcohol in

impregnation solution

[0102]} 25.00g of silica support (S.A= 250m*/ g, P.D.=15nm) was impregnated with
solution prepared by mixing 8.37g of ruthenium nitrosyl nitrate (1.5%Ru), 3.71g

30 triethanolamine and 18.00g water and dried at 100°C for four hours.
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Al'l values are based on a HRusrfa ratio of 1. 20 Exanple 2. Preparation of
organi ¢ conplex conprising 0.5% Ru on Si2 using am noal cohol in

i npregnation solution 25 1098] 15.00g of silica support (S.A= 85n2/g,
P.D.=50nm) was inpregnated with solution prepared by mxing 5. 01g of
rutheniumnitrosyl nitrate (1. S%Ru) 2.23g triethanolam ne and 1.77g water
and dried a . l.cination of catal yst of
Exanmpl e 2 t-&X2PR¢€ ) A anpl e 2 was calcined in
flowng air as the terrperature was rarrped 1C mnute to 300C and held for
one hour at that 5 tenperature. This treatnent resulted in the partial

deconposi t i [§#0Hf A phdicarafaniple feomplxempled whresaldoediniflowvingases iwent was made
on this sanple after dr oge tr eat arl

Cal i nat | oﬁglaper@mm?mme%éggﬁﬁ}n@t%"S%469@5%at@ib%?lp 3B {GHE of sampl
from Ex 1,Cmnto
400C and el A Rete st MR e S or s iR A Fep Bl g

conmpl ete daﬂmnmmpticmneasﬁrdrﬂmt onganie on diipianple Aftatigdiapen peataentreasur enent
was nmade on this sanple after hydrogen treatnent. 15 [0101] Table 1 conpares
the di spersion nmeasurements by H chem sorption of the catalysts of Exanples
3 and 4. ;Ma&%@%ﬁ%ﬁﬁmggﬁ% SRECoAiPmAle OPtal ned
when t he - 7 artially
deconposes the conplex. After 400C calcination the organic conplex is
totally 20 destroyed before hydr Qgen treatnent and_ it can be seen that the

cheni sttt i BK0 ﬂafﬁ@egtlonaqféh%m affomaExamnleneves seged reflomingapireseads t hey
ngngsﬁn“&g reai‘tn%tv%a%{}aﬁlen(?g@t ﬁm‘i:’\cfz 500»,?0(1 B3R HRYEn g2 A G slE N gher

one hour. A chemisorption measurement was made on this sample after hydrogen

treatment.

15  [0105] Table 2 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 6 and 7. 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

20 produced via oxidation.

Example 8. [Comparison]. Sample of 0.5%Ru on Silica with no organic additive

[0106] 15.00g of silica support (S.A= 85m%/g, P.D.=50nm) was impregnated with
25  solution prepared by mixing 5.00g of ruthenium nitrosyl nitrate (1.5%Ru) and 4.00g
water and dried at 100°C for four hours. A chemisorption measurement was made on

this sample after hydrogen treatment.

Example 9. [Comparison]. Sample of 0.5%Ru on Silica with no organic

30 additive and calcination
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during reduction at 400C. 25 Exanple 5. Preparation of 0.5% Ru on Si Q2 using
am noal cohol in inpregnation solution [0102] 25.00g of silica support (S A=
250n2/ g, P.D.=15nm) was inpregnated with solution prepared by m xing 8.37g
of rutheniumnitrosyl nitrate (1.5%u), 3.71g 30 triethanolam ne and 18. 00g
water and dried at 100C for four hours. 35 Exanple 6. Calcination of

tal yst of 5 .275C 1 i f Je f Ex. le 5
ol ci mod + OB foget il Pt (R RS Pl i B oA Chea B e R Do 275
and hel d atsdiiiafn fr&pHREd B Hiifink 81008 B€ riRh¥Mh: nitdd¥yPnilrh @]t FBAty)884ldogd in the

partial deconposition of” the organic conplex. A chem sorpti'on neasurenent
was made onwiathi andsdgpl a 1801 forlfyuirhogen Thesampienyas théixealphed A aiPasrthd yzi ng
catal yst of Exanple 5 in oxygen-free environnent 10 £0104] A portion of the
sanpl e fronﬁemawa}r%“@smmﬁ’éﬂ’ﬁé@w 101300 (r guch held g that temperaare frAMer at ur e was

ranmped 250 nﬂ&ﬁ]tﬁ ch&nfeégan%[oﬁVql\g%agﬁj %gﬂ"tgwés{}ﬁadetoqmﬁﬁrsaﬁlﬁete%ée?ﬁy%r?ggn hour. A

chem sorption neasur it n I's sanple gen treatnent.
15 [0105] Takit@emt. conpares the di spersion neasurenents by H chem sorption of
the catalysts of Exanples 6 and 7. Both treatnents generate a remant of
the starting Ru- triethanol am ne conplex. This conparison shows that the

ial d it be, achi eved hi_gh d
Pher t “pyr ol DA dohEr PR ae SReEYEH sy Rt pb B iR N6 gan
precursor t fadlyds ¥eSxdnhSlBs Sl SARIS Iy 82 Rlyst ASpABE Recofin@ FPBkESSe ¥i a

oxi dation. Exanple 8. [Conparison]. Sanple of 0.5%u on Silica with no
or gani cl(addintthe €ablg @s196pbjad of tys vivestidn and has fpoemnn@s.ofthaggating RuP. D. =50nm)

was i npreghated with 25 sqlutjon prepared b 1 Xi 5..00g..0f r.utheni um
i trosyl i PeRacmig mplgn S sBPisenshods bl Pk ek HoRertioh Fhur hour s.
A chem sor pgd 9RaiAERSH h@ABRkt Hasis @ﬁﬂﬂy ﬁﬁpregﬁb{téd waiRh %q@éoh@ GolaMsk SOeD

treat nent.
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
15  dramatically, most probably as a result of sintering. This does not happen with the
catalyst of Example 3, 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 9).

20

Example 10. Preparation of 0.5% Ru on Si0O, using aminoacid in impregnation

solution

[0109] 10.00g of silica support (S.A= 85m%/g, P.D.=50nm) was impregnated with
25  solution prepared by mixing 3.34g of ruthenium nitrosyl nitrate (1.5%Ru), 0.70g L-
arginine, and enough water to form a total 10cc sotution volume. The sample was
dried at 100°C for four hours and the temperature was then ramped 1°C/minute to
250°C and held at that temperature for one hour. A chemisorption measurement was
made on this sample after hydrogen treatment.
30
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Exanple 9. [Conparisonl. Sanple of 0.5%w on Silica with no organic 30
additive and calcination 36 [0107] 15.00g of silica support (S.A= 85n2/g,
P. D. =50nm) was inpregnated with solution prepared by m xing 5.00g of
rutheniumnitrosyl nitrate (1.5%u) and 4.00g water and dried at 100C for
four hours. The sanple was then calcined in air as the tenperature was

d1dm to,300C |d at that t £ h A
chen sorpt | DI Eat? atempeiihefie-Gin prFureRily & e ERIRBREe 1 oat ment

[0108] Tabl @atﬁyﬁpapgﬁ@m&mﬂﬂh 15@%%11 eaclﬁs@%;ﬁmwe DerthaghSths ShRinon of
the catalysts of Exanples 3, 8 and 9. Only the catal yst prepared according

to Exanpl e Bu-amgng cpmplexesaﬁhe cpmpamscmtghews that highidispersi@staroobtaimed has t he
remmant of the start.,n ﬁt hanol am l.ex. This c ari son shows
hat a hi gh e Sl e pidiehel 37 Rt AR R e AP RRT hat i o o npl y
i mpregnag ed with an aqueous solution of the rutheniumsalt and then dried
at low tenperature if it is reduced at tenperatures as |ow as 150 C. On
reducti on af01htlghks dzite npEatde Gshew ttlireechdtrﬂmpti;jnﬂatmfmﬁaamplm Grand e TS

dramat i caII , host oba as .a result sintering. This does not happen
with the I%W’éfm "E@Sﬁ%héﬁge %ﬁwﬁvvl £ ARG cmRlen (Examp ?fc S} EHREct i on
terrperature f o to 300 C
t he di spersié %Ailc&n%gﬁlgﬁg@gg\&/{zdr@% reﬁg%ééxlhglgﬂl%gs& &% Eg%r?rdprqg 0g &ﬁ%} epar ati on
of 0.5% Ru WhelSltWCdmplﬂzglsaimn]ﬂ)ﬁele)xldﬁzddﬁbli‘ﬁ@dSkaatﬂlé)Bomphk@kﬂﬂplb@k@@] 10. 00g
of silica support S. A= 85n2/g, P.D =50nn) was i regnated with 25 solution
pr epar etf by LeRlxilh oyveyay, thy disRprsien isuef As gwsﬂﬂth%?ﬂ#aa@eél SYBAMC 0. 70g L-

ar gi ni ne, 50 Occ sol ution volune The sanpl e
was dried %ﬁn@g’g Q{h %ﬁ%ﬂ}ﬁ%%gls dﬁﬁ%@’%dérrper ature was then ranped 1
Cmnute to 250C and held at that tenperature for one hour. A chem sorption

measur ement _was o
Example 11. Measurement of Decomposition Products of Catalyst Precursor

formed by partial oxidation of Ru-Triethanolamine complex.

15
[0112] A portion of the catalyst from Example 3 was heated in air at 4 deg/min and
the product gas was analyzed by a quadrupole mass spectrometer. The data are
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

20  completely oxidized near to 350°C. This shows that the complex contained C, N and
H. There may also be O present but this could not be determined using this

experiment as the conditions used were oxidizing conditions.

Example 12. Infra-Red spectroscopy

25
[0113] The samples containing partially decomposed organic complex derived from
Ru-triethanolamine and Ru-arginine were also analyzed using infrared spectroscopy.
Approximately 25mg of the materials of Example 3, (TEA, calc 300°C), Example 8 (no
organic, dry 100°C) and Example 10 (L-arginine, calc 250C) were separately formed into 13mm
30  pellets and loaded into an IR spectrometer operating in transmission mode. The

samples were heated in vacuum to 150°C before the spectra were obtained.
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made on this sanple after hydrogen treatnent. 30 37 [0110] Table 4 conpares
t he di spersion neasurenents by H chem sorption of the catalysts of Exanples
3 and 10. Both cal cined sanples | eave a remnant of the starting Ru-am no
conpl exes. This conpari son shows that high dispersions are obtained when
usi ng either am noal cohols or am noacids in the inpregnation solution. 5
[0111] The data in Table 5 show the chem sorption data for Exanples 5 and 6.
This conparison shows that the dried catalyst with the am no conpl ex
(Exanpl e 5) 03} ¥ES$he @atg%%hgﬁﬁﬁl?%gnﬂl@'d% shéw%éﬁ%iéﬂ&r&ﬁﬂ%%@e {§ hydrogen
that is superior to the sa ere the conplex is conpletely oxidized to
remove the W@wpmanhﬁEﬁ&mﬂRamﬁasgm T Tabhsttaice dereaseewhetertbe ditalpsr sion i s

not as good .as.,th f the organic lex is either partially
ot i zed_or ApprOGERY g 1 g e DRl RS B oduct 3 of
Gat al ysts Prefipese betmem%d%mao'cﬂi &Y pfiatakipnsifla Rirc 111@9‘542@901* mi ne
conpl ex. 15 [0112] A portion of the catalfyst TTom EX eated I n
air at 4 depkesinge aﬁabsormmnpfea:idneshmgtaé 2m2mm¢miqﬂe@ntmmmemmhe mass
spectroneter. The sho Figure_ 1. F re. .1 shows that a water
peak is rel %é%@e%g ?@tﬁ%@ §rEHEPUR ée@efeaéwas OIS EONERBERIBPISE OO,
N2 and MoQER o ARk 438 16nRORRIAY: 1820 ia MR AN kP dhastniegy [0 350C

Thi s shows at the conpl ex contal ne al'so be 0
pr esent butCbmﬁamnou[mnqun®gb¢EI@hkmmed n&mﬂgﬂahpﬂﬂmhmpﬁhﬂmﬁnbnas t he

conditions used_were o0x condi tions. |l e I nfra- Red '
spect rogbop§/9782§91%151(i'§?1 ﬁﬂ%7%g 8%2@70%@93: ﬁhﬁ@e%ﬁi‘? %{?SPV ehe fBEEEd or gani ¢
conpl ex der fiefl Jy &Hh%rsalﬁbfaa&@ga?éa BPatRChs U A HBONEr BT SnalisR anal yzed
using infra spec roscop

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.

15
Example 13. Thermogravimetric Analysis (TGA)

[0115] Figure 3 shows the air treatment TGA plot for a catalyst sample (0.5 wt% Ru
on 8i0,), which had been prepared with triethanolamine as the organic compound
20  and dried at 100° C prior to analysis. The TGA plot shows weight loss at
temperatures below 300° C due to loss of water and partial oxidation of the complex
with triethanolamine. In addition there is a further weight loss at approximately 325°

C, which is believed to be due to the complete oxidation of the organic complex.

25  [0116] Figure 4 shows the air treatment TGA plot for a similar catalyst to that used
in Figure 1 (0.5 wt% Ru on $i0;), which had previously been calcined at 300° C.
Clearly there is an insignificant weight loss below 300° C; this is due to the fact that
any material on the supported catalyst that would have been removed below this
temperature has been removed by the calcination. The majority of the weight loss in

30  the sample is due to the partially decomposed organic complex, which is oxidized at

approximately 325° C. This results shows that that calcination below the
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Approxi mately 25nmg of the materials of Exanple 3, (TEA, calc 300c), Exanple
8 (no organic, dry 1o0C) and Exanple 10 (L-arginine, calc 250C) were
separately fornmed into 13nm 30 pellets and | oaded into an IR spectroneter
operating in transm ssion node. The sanples were heated in vacuumto 150C
before the spectra were obtained. 38 [0114] The data are shown in Fig. 2.
The data show t he of transmttance vs ve of the IR

radi ati on. ‘%‘mePPﬂﬁg RRSHERCdR BrEsapst OME?@%W%&?%POSEQH%P& infrared
radiation dygnjfiega characteristic stretching of a nolecular species. 5 The
peaks between 1500 and 2000 cm | are prinarily silica stretching bands. The
presence of absorption features around 2100-2200 cm 1, present on sanples

fg{ £ ?‘ogﬁxnag‘gbiiaﬁ T hevoibd Rt I FOFaGe gegalast S%Pﬁésgd”%éoganﬁn
i W
bt 1 sher s, REBHAADWARE np BN BURRTER HRAREUNHRE O TERKARERS 20" The™

peaks are adipentthaihd pretisitesitivgt orgahit cempkxuehillyakkc@tipdsee ugdérnhe prepar ed
by aqueous |rrpr egnation of the ruthenium conplex with no am no al cohol or
ani no aci ds W@@ﬁtﬁatf@%’fﬁ@@%ﬂlﬁmswathﬂﬁ@éteﬁéﬁkﬁmeér@oaﬂ)lﬂh@@@ﬁon of the
remmant of tri et hanol am ne and Ru-argi nine conpl exes

pr esent aftéearlceilf)a'zl&rO i awgm%npom tion of the organic conplex. 15 Exanple 13.
Thernogravinetric Analysis (TGA) [0115] Figure 3 shows the air treatnent TGA
plot for a catalyst sarrple (0 5 wt%Ru on Sl 02) V\/mch had been prepared

wi t h t ritet hBExamplelde Detexrmis perhturd kox variou90 C prior to
anal ysi s. Thlaaii pilﬂexeshows wei ght Ioss at terrperatures beI ow 300 C due to
| oss of water and partial oxidation of the conplex wth triethanolamne. In
addi tion thgyi¢sj A mnibef bP&ipp wﬁécg&(gaﬁ@%m?kxé’do&rrﬁﬁéﬂ RRLEYHiodd Tetdls athi ch i's
believed to be due to the conplete oxidation of the organic conplex. 25
[0116] Fi gummogcrsmnmgeomppumdsaadldemsﬁvm pitltr siliza oaahlmma werecat al yst to

Eg?éi ﬁ;ﬁid at é%n Flt L{E) glrltre%tomgnt Vii(}z& and 81'2: dgco?nz}gosmon proﬁl@: gacﬁ\éllat%ynslfngd.bee n

The TGA data are presented in Figure 6 where TEA is triethanolamine, arg is L-
arginine, and arg(TPA~C12) is arginine complex with tetramine Pt dichloride as Pt

salt.
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Clearly there is an insignificant weight |oss below 300 C, this is due to
the fact that any material on the supported catal yst that woul d have been
renoved below this tenperature has been renoved by the cal cination. The
majority of the weight loss in 30 the sanple is due to the partially
deconposed organi c conpl ex, which is oxidized at approximately 325 C. This
results shows that that cal cination bel ow the 39 deconposition tenperature
is necessary to formthe partially deconposed organic conplex. [0117]
Figure 5 shows the hydrogen treatnent TGA for the catal yst sanple (0.5 wt %
5 Ru on Si02), which had previously been calcined at 300 C. This TGA

anal ysis shows that the partially oxidised organic conplex is fully
deconposed under the hydrogen treatnent conditions at a higher tenperature
(- 400 ©) than under <calcination conditions. 10 Exanple 14. Determ nation

of the deconpo for various rgani ¢ conpl exes. [0118] A
nunber of suppor c copp| exes derived tromvarious netals and
nitrogen cont nds angd deposited on|either silica or alum na were
15 subjected t enkbtgqﬂaqih he deconmposition profile for each
determ ned. Thel §GA datja HEESpspsbrted ﬁﬁﬁgeﬁ 6 where TEA is
triethanolanine,_&r is |L-| arg|l n| ne, | and| arg( TPA1C12) is arginine conpl ex
with tetram ne RtSdkchloridel as Pt| salt] #0/0jop4 6 CtflIONa ~~~ MMMM
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t he manufacture of a catal yst process for the manufacture of a catalyst
conprising a catalytically active netal dispersed on a support, which

process 5 es: a) preparing a support having an organi c conpl ex of
t he cat al ytgﬂMg active nmetal deposited thereon by treating a porous

support with a conpound or salt of the metal and a nitrogen-containing
organi ¢ conpound sel ected fron(i) amno acids and (ii) conpounds containing
bot h an ami ho grAupocesslfathaimenifatturgra weataiyst prooessdomthe manufagtune of aret al

conpl exon anglysst%g&%g'itsi;ng a catalytically active metal dispersed on a support, which process

5 comprises:

a) preparing a support having an organic complex of the catalytically
active metal deposited thereon by treating a porous support with a compound or salt
of the metal and a nitrogen-containing organic compound selected from(i) amino
acids and (ii) compounds containing both an amino group and an alcohol group, to

10 form the organic metal complex on the support;
b) partially decomposing the organic metal complex on the support to the
extent that the partially decomposed product (I) retains between 10 and 95% by
weight of the dry weight attributed to the organic complex prior to partial
decomposition, and (II) exhibits one or more infra-red absorption bands between

15 2100-2200 cm™ that are not present in the organic complex before partial
decomposition; and
c) converting the partially decomposed organic metal complex into

catalytically active metal.
20 2. The process as claimed in claim 1 wherein the conversion to catalytically
active metal is achieved by treatment of the support comprising the partially

decomposed organic metal complex with a reductant.

3. The process as claimed in claim 2 wherein the reductant is a source of

25  hydrogen and/or CO.

4, The process as claimed in claim 2 or 3 wherein the source of reductant is

provided in-situ in a catalysed process.

30 5. The process as claimed in any one of claims 2 to 4 wherein the source of

reductant is provided in a catalyst regeneration process.
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b) partially deconposing the organic nmetal conplex on the support to the
extent that the partially deconposed product (1) retains between 10 and 95%
by weight of the dry weight attributed to the organic conplex prior to
partial deconposition, and (I1) exhibits one or nore infra-red absorption
bands between 15 2100-2200 cm -1 that are not present in the organic conplex
before partial deconposition; and c) converting the partially deconposed
organic netal conplex into catalytically active netal. 20 2. The process as
clainmed in glai NTfe ploERIaD clalBe EAMMS0RE BN clhBn£RAS Whitfedl {h¥ so@ed bye nmetal is
achi eved by treatnment of the support conprising the partially deconposed

or gani ¢ et wdueiantgs ngxirdedhnacmﬁutltegmera@n procesponedalyst ascyclegiomess i n cl ai m 2
wherein the reducitlan S 21gﬂi??ﬁurce of 25 hydrogen and/or CO 4. The process
as clai med HOUHER M LFAUBYSRREFACH t he source of reductant is provided
in-situ4n a catal ysed process. 30 5. The process as clained in any one of
clains 2 to 4 wherein the source of reductant is provided in a catalyst
regener ati oh pr otksprocds ag claithed jranyess ofitheqiraieding dlaimamheomethef clains 2 to

5 wherein t%grpgé)ryugcnet?igjglﬁé{rggnggt ant i 355@8%’4%58%%%%4%%&@@% eneration
process or / By ) t process. 5
7. The procggseAufih it%hﬁcﬁl?é’oﬁﬁﬂﬁgi&t he preceding clainms wherein the

ni trogen-contai ni ng organi c conpo as been incorporated into or within
the support during its manufacture or synthesis. 10 8. The process as
claimed jn gny precedi ng cl ai m wherein the ni trogh(::ﬁrsl-_ cont.ai ni ng organic

a Fi8

conpountf i s®an al AR 25 flafBed WA PRISEEng Slaig W the RIFTBEE gr oups.
containing organic compound is an aliphatic amine containing one or more hydroxyl
groups.
9. The process as claimed in claim 8 wherein the amine comprises an

15  hydroxyalkyl group.

10.  The process as claimed in claim 9 wherein the hydroxyalkyl group is C; -

Csp - hydroxyalkyl.

20 11, The process as claimed in claim 10 wherein the hydroxyalkyl group is C; -~ Cg
- hydroxyalkyl.

12. The process as claimed in claim 11 wherein the hydroxyalkyl group is C; - C4

- hydroxyalkyl.

25
13.  The process as claimed in claim 12 wherein the hydroxyalkyl group is
selected from: hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl, 1-hydroxy-n-propyl,
2-hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-hydroxy-methyl-ethyl.

30 14 The process as claimed in claim 13 wherein the nitrogen-containing

organic compound comprises a mono-, di-, or tri-, substituted aliphatic

47



9. The process as clainmed in claim8 wherein the am ne conprises an 15

hydr oxyal kyl group. 10. The process as clainmed in claim9 wherein the

hydr oxyal kyl group is Cl1 - C50 - hydroxyal kyl. 20 11. The process as cl ai ned
in claim10 wherein the hydroxyal kyl group is C1 - Cg - hydroxyal kyl. 12.
The process as clained in claim1l1l wherein the hydroxyal kyl group is d - C4

- hydroxyal . The process as clained in claim12 wherein the
hydr oxyal kyFyArP}gu%gqi}%nm-sg'el ected from hydroxynethyl, 1-hydroxyethyl,

2- hydroxyet hyl, 1 -hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyl
and 1- hydr ox%/}- met hyl -ethyl. 30 14. The £r ocess as clained in claim13
wher ei n t helhi t r bbenrosestasickiined iroplgiaml 4 whenspotha ydonyalk deming capoises di -, or

tri-, substituted aliphatic 47.hydroxyal kylam pne. ,15.. The process as

cl s med 1. BiPR R e SR I e lbRE ™ one: o more of.
met hanol amM g@andlamime! ficRPAntiRe, tHldthdRINAAHRE varindRBimibe, )i BRRAbRAFME tri-

di - et hanol am ne, tri-ethanol am ne, butanol am ne, di-butanolanne, tri-

but anol ani nbutagelapinsoprepimdamiic, dirprppanslamingalimgihyisthapplantisndi-am ne, di -

i sopropyl et hanol ami,ne,, net hyl di et.nanol.am ne,. di,net hyl am no- 2-pr opanol and
e e oF opanBe PRty aTte bRt e o e Rad RE T 07
wher ei n t hepgphifladfled is L-arginine. 17. The process as claimed in any one

of clainmse 1'to 7 wherein the amno acid is selected fromall isoners of the
foll ow ng: al ani ne, arginine, asparagi nes, aspartic 15 acid, cysteine,

tine, 3, 5-di tyrosine 3,5-diipdotyrosi | ufani ¢ acid. gl utan ne,
o yei nelO hi 2 i RBEPRH-GRy S ety o BT SRyt by peberehEammR e bui ne.

L-arginine.

17.  The process as claimed in any one of claims 1 to 7 wherein the amino acid is
selected from all isomers of the following: alanine, arginine, asparagines, aspartic
15 acid, cysteine, cystine, 3, 5-dibromotyrosine, 3,5-diiodotyrosine, glutamic acid,
glutamine, glycine, histidine, hydroxylysine, hydroxyproline, isoleucine, leucine,
lysine, methionine, phenylalanine, proline, serine, threonine, thyroxine, tryptophane,

tyrosine and valine.

20 18. The process according to any one or the preceding claims wherein the

organic metal complex is partially decomposed by calcination or pyrolysis.

19.  The process as claimed in claim 18 wherein the calcination temperature is

less than the temperature, as determined by TGA in air, at which total weight loss of
25  the organic complex occurs or the pyrolysis temperature is less than the temperature,

as determined by TGA in an inert atmosphere of hydrogen, at which total weight loss

of the organic complex occurs.

20.  The process as claimed in claim 19 wherein the calcination or pyrolysis
30  temperature is between 200 °C and the temperature at which total weight loss of the

organic complex occurs.
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| ysi ne, methionine, phenylal anine, proline, serine, threonine, thyroxine,
tryptophane, tyrosine and valine. 20 18. The process according to any one
or the preceding clains wherein the organic netal conplex is partially
deconposed by cal cination or pyrolysis. 19. The process as clained in claim
18 wherein the calcination tenperature is less than the tenperature, as
determned by TGA in air, at which total weight loss of 25 the organic
conpl ex occurs or the pyrolysis tenperature is | ess than the tenperature, as
det erm ned DY Thehrodeseds dlaiget i@ tpsiRheictaint 1BysIz0gdbreidthe\paitih t ot al wei ght
| oss of the organi.c conplex occurs. 20. The process as clained in claim 19
wher ei n t hedssampption &P@éﬁonﬁyﬁl By ygmu@wnt@rﬂ%wmﬁ@omny@g\ﬁ&ﬁrgzm C and t he
t emper at ur S

21. The procg%%$§g§@ gﬁ%% EK%%% ogﬁﬂ%ﬂ?ﬁgg%%ﬁphB5%8§ﬁ%§éﬁg' ﬁe partlm
deconposi t i goydlé preedsor med by |ntroduct|on of the support conprising the
organic netal conplex into a catal ysed process, a catalyst regeneration
process or a catalyst 5 recycle process 22. The process as clained in any
precedi ng c Al myphe he cat al d b .1 he 0 , tota
metal di speém onmspﬁ’gﬁfs & CI %d lgna(?ytp% e%gﬁﬁ? i erlg’i 1851% cage‘fl%s[s[ f?@w 0 a
strongly chepiheitRes, ﬂm&mm&alqisp&mnt@n% diﬂ?dcﬂb aﬁh Reh&hIsessidP% or 10
greater. 23. The process as clained in any preceding cl ai mwherein the
product of wiasing by strengly hamsisenibsg espanentel thedotalanelel digpersion 62084 pong

di spersjpn component of less than 1% 15 24. The process as clained in

cl ai m 23 whereFh t he di spersion is less than 0.5% 25. The process as
claimed in any preceding claimwherein step (b) is

23.  The process as claimed in any preceding claim wherein the product of step (b)

exhibits dispersion values relating to the strong dispersion component of less than

1%.
15
24.  'The process as claimed in claim 23 wherein the dispersion is less than
0.5%.
25.  The process as claimed in any preceding claim wherein step (b) is

20 performed to the extent that the partially decomposed product retains between 20 and
75 % by weight of the dry weight attributed to the organic complex prior to partial

decomposition.

26.  The process as claimed in any one of the preceding claims wherein the

25  catalyst support comprises silica.
27.  The process as claimed in claim 26 wherein the silica is amorphous.
28.  The process as claimed in any one of the preceding claims wherein the

30  support comprises an ordered mesoporous material and/or a macroporous

material.
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20 perfornmed to the extent that the partially deconposed product retains
between 20 and 75 % by weight of the dry weight attributed to the organic
conplex prior to partial deconposition. 26. The process as clainmed in any
one of the preceding clains wherein the 25 catalyst support conprises
silica. 27. The process as clainmed in claim26 wherein the silica is

anor phous. 28. The process as clained in any one of the preceding clains
wherein the 30 support conprises an ordered nmesoporous material and/or a

nacr opor ous 29 et ghi Blocedhs2himed e MyQGRDT 1RSpredAidEainly VAYeif Mg of the
preceding clains wherein the support conprises a material designated as M4l

S. 5 30. Theuppodoempriaes &inatemebidésrgnetedia Swherein the support material is
MCM 41. 31. The process as clainmed in any one of the preceding clains
wherein the support conprises alumna. 10 32. The process as clained in any

one of the Bo.ece%e?r&_le@édﬁ_lm_eaﬁi a9 wHERRPME sGHWEH a@sial WMER-41.t ani um
di oxi de, anatase titaniumdioxide or m xtures thereof 33. The process as

claimed in claim32 wherein the support further conprises 15 zirconium

di oxide. 34,_. The_process as.clained in a one aof the precedi cl ai ns
wherein t he3dal t Tg‘f’ PIQCGTRAS FHAmES IH#HY Ve eel’rﬁ%f’%ﬂfg)/‘qu‘ |W1§ef§et%?%e metals is

a salt or c WS Pris@hfufina. Mor e metal s selected fromthe follow ng
groups: 20 Goup 1 (Goup I'A) such as Li, Na or K, Goup 2 (Goup IIA) such
as M), Ca and Sr; Goup 3 (Goup IIlA 1UB) such as Sc, Y and La; Goup 4

(Goup LVA _LVB) such as Ti, .Zr and Hf; oup 5 (Grqup VA VB) such as V, Nb
and Ta; 1 oéé' 6 ( Btﬁfeﬁﬂ%&,‘ﬂaxﬁnssll%wwlﬁ§? ?Iﬁﬁﬁf“é&ﬁfqmﬁls SRS (Vi1 A VI I B)
such as M, SJ}ﬁJortac%ﬂlﬂﬂ%és G REnSm (%ofi‘i'ag, al'ngtaggiﬁﬂﬁlm dioxide or mixtures

thereof.

33.  The process as claimed in claim 32 wherein the support further comprises

15  zirconium dioxide.

34.  The process as claimed in any one of the preceding claims wherein the salt or
compound of one or more catalytically active metals is a salt or compound of one or
more metals selected from the following groups:
20 Group 1 (Group IA) such as Li, Na or K; Group 2 (Group IIA) such as
Mg, Ca and Sr; Group 3 (Group IIIA, ITIB) such as Sc, Y and La; Group 4
(Group IVA, TVB) such as Ti, Zr and Hf; Group 5 (Group VA,VB) such
as V, Nb and Ta; Group 6 (Group VIA, VIB) such as Cr, Mo and W;
Group 7 (VIIA,VIIB) such as Mn, Tc, and Re; Groups 8, 9 and 10 (Group
25 VI, VIITA) such as Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, and Pt; Group 11
(Group IB) such as Cu, Ag, and Au; Group 12 (Group IIB) such as Zn;
Group 13 (Group IHIA, TTIB) such as Ga and In; nd Group 14 (Group IVA, IVB) such

as Ge and Sn.

30 35.  The process as claimed in claim 34 wherein the salt or compound of one or

more catalytically active metals is a salt or compound of one or more
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25 VI, VIVA) such as Fe, Ru, Gs, Co, Rh, Ir, Ni, Pd, and Pt; Goup 11
(Goup IB) such as Cu, Ag, and Au; Goup 12 (Goup IIB) such as Zn; Goup 13
(Goup Il'lA, RIB) such as Ga and In; nd Goup 14 (Goup IVA 1VB) such as
Ge and Sn. 30 35. The process as clained in claim 34 wherein the salt or
conpound of one or nore catalytically active netals is a salt or conpound
of one or np of. the. f,ol | owi n tals: .copper.,.platinum rhodi,um
pal | adi um  BopseiSlip AR coBpt BB, e FEE B Rrotobtet BREELT o or

nor e t her eoftheafundGhiléLiuised mixdbre offio Bf BLESHeRGE & 4Htivg mctalany precedi ng
cl ai mwherein the compound or 5 salt of the catalytically active netal is a
nitrate or nitrosyl nitrate. 37. A process for the production of C5+ liquid

hydr ocar bong . whi CONpL.I . Man turi.n . catal yst by the process as
clainmed in g?ly orﬁeqe 8¥°%Fﬁea%§ rél(lzn P%{:’]?@fc_g?ar%g cglr?aw_élglfl%%% ei”é@"_"&“‘ﬁ %irrogen and
car bon npnoxdidsr thy BAtHISELAlydREve et B AL hidteC MitdsyPiigratel0 Wi th a said
catal yst to produce said + liquid hydrocarbons. 38. A nethod for the

renoval of sulfur froma mxture conprising one or nore organic conmpounds
and one or re sul fur containing.co ds,. . whjch nmethqd , conprises
mnufact uri G & carargsEor h RGeS MR FRPRRER | ve 15
netal di Spehﬁﬁﬁfa@t‘ﬂriﬁg%‘éﬁﬁﬂfsigyﬁiéﬁr&%s@ﬁsp&ﬁﬁt%d?iﬁaﬁ} S BIGhd PreBin OGRS Cl ai s

1to 36, and contacting said mxture with said naterial conprisSing active
met al di spensdchbntarting hydoegaaind cabppoonoxidd emthasisigas etwdatticomentitiats sul phur

s absorped om0, LNe S0 blauc  QIPEL PR GeBg @ i spersed on an
38. A method for the removal of sulfur from a mixture comprising one or more
organic compounds and one or more sulfur containing compounds, which method
comprises manufacturing a catalyst, in the form of a material comprising active

15  metal dispersed on a support, by the process as claimed in any one of claims 1 to 36,
and contacting said mixture with said material comprising active metal dispersed on
an inorganic support under such conditions that sulphur is absorbed onto the material

comprising active metal dispersed on an inorganic support.
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