WO 02/ 04117 PCT/ EP01/ 07733 PROCESS FOR PREPARI NG AN ADDI Tl VE- BASED M XED
METAL CATALYST 5 The invention relates to a process){f6r @%&5 g

catal yst conposition conpr jiji t one Goup VIII non-noble netal
conponenWwapao4at? | east two mmmmmmmmmt al conponents, RHAERGBUR Vi1 and
Goup VIB netal conponents nekjagup at |east 50 wt. % of the catalyst
conposition, calculated as oxides. 10 The invention also pertains to

catal ysts thus obtained and their use in hydroprocessing applications of
these catal ysts. Catal ysts conprising at |east one Goup VIII non-noble

metal conp d I 1 o] t oup
U1 and OPRCERE nePR  PRERARIGT AP XoDIFYEASTRl 0D METEL" e
cat al yst cQAXALYS$DNn, calcul ated as oxides, are known in the art. US

4,596, 785 describes a catal yst conposition conprising the disulfides of at
| east oRe G oup VIl non-noble netal and at |east one Goup VIB netal. US

20 4,820, 6FRedanehtioRSrelatest &) Y5 tprocsay ifoi NGeparirya pdutalysts ebfripdsition
conprising iron as the Goup VII| non-n&gle meLaI and e¥ net al. sel ect ed
frlolm mol ybeemmiisingatigastanederaupyili-ran-noRie dagtalcompanest And %I'%aﬁé‘(vﬁl . as
well as a ' P&qe FRIE NS rences
t he cat al yg"? bﬁé%?i@%é&%@ a '?ﬁgmg?rﬁragy g??‘gtclgtﬁmo\PngF Eahrl E g@?ﬁ%ﬁa@sour ces
of one Grouakifid upratrieasth5@ wteb 20f' the Satalystt camnmsition, \naicuiated|as oxidese

presen of_ sulfides. T recipitate . iiSadS t qrie .. C ined in
an i_neﬁg at Hﬁsﬂh"@P ?nv\ﬁsghBFrééWg %cha%té@% hlﬂL |(;%ttae'ﬂé¢ e%rP\dniath'ésa%%e'H
required t qydiprycedsing splicativonseithese caldlydth78, 124 di scl oses oxidic

catal ysts to be used in the oxidative dehydrogenation of paraffin
hydr ocarbons. The catal ysts are prepared by co- 30 precipitating

wat er - sol U@a@alggﬁ%hgmsﬁwgﬂét leBst SRGRoUY BilNdrehebRHetal Bompyhént andcat- nobl e
nmetals. In WO 9903578 catal ysts are prepared_by co-premgl tati nt specified
amount s of least two Group VIB metal components, the Group VIiI and Group VIB metal

15 components making up at least 50 wt.% of the catalyst composition, calculated

as oxides, are known in the art.

US 4,596,785 describes a catalyst composition comprising the disulfides of at
least one Group VIl non-noble metal and at least one Group VIB metal. US
20 4,820,677 describes a catalyst comprising an amorphous sulfide comprising
iron as the Group VIl non-noble metal and a metal selected from molybdenum,
tungsten or mixtures thereof as the Group VIB metal, as well as a polydentate
ligand such as ethylene diamine. In both references the catalyst is prepared via
the co-precipitation of water-soluble sources of one Group VIIi non-noble metal
25 and two Group VIB metals in the presence of sulfides. The precipitate is
isolated, dried, and calcined in an inert atmosphere, which means that
sophisticated techniques are required to carry out these processes.
US 3,678,124 discloses oxidic catalysts to be used in the oxidative
dehydrogenation of paraffin hydrocarbons. The catalysts are prepared by co-
30 precipitating water-soluble components of the Group VIB metals and Group VilI
non-noble metals.
In WO 9903578 catalysts are prepared by co-precipitating specified amounts of
a nickel, molybdenum, and tungsten source in the absence of sulfides.
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a nickel, nolybdenum and tungsten source in the absence of sulfides. 1

| ~~mm~aa~ *ACTI ON* WO 02/ 04117 PCT/ EPO1/ 07733 Non- prepubl i shed

i nternational patent application PCT/EPOQ 00354 describes the preparation
of sul fi dW® B&Q#HIyst conpositions by coprecipitation of P&I/BPEHEY33 one G oup
VII1 non-noble netal conponent and at |east two G oup VIB netal conponents

to forman NéM%@p@dl@hé@ iﬁt@ﬁﬁéti@hbﬁp@tenv\/@bfimdtiﬁnSM©$ﬁERm03545désdrfbieded.
Non- prepubl i shed i nternational patent i cati on PCT/ EPOQ 00355 descri bes

§ p a
the prepar atheopreparatiopaefasyifided: eaiglyst 99'550ﬁ90%hv gorrerptationfat I3 G oup
VI11 non-no I qﬂﬁ{@_ SR I t mfedqponent s
In the pr esgﬁgﬁpeylg%i C l| Hﬁ% égv%éar el Ea?%ﬁ‘ﬁt%%tﬁ%v}fe@[)@tﬁg net al
conponent s cemponérdasto gamn | gn | oxygRe-sdahie dprecipitsteduwhish o raubsequantly10

Al th th t al yst f f . ' f
on- pr dhunetfed NabdrReBHE petiRhal pefid ficatilhy FRsHEPgpBioR50G° °
rﬁl /r E(IZ)’]?O’ ggéﬁcrtﬁ)@@\&hé ﬂn%m?aﬁ?rt iof/?&ﬁt}al?ttﬁ}cﬂmb@sitﬁﬂ by contadtihg ra;c ilegst ;ameme nt

. as NoOw pbeen 0 a e per
conprising Sroyradil W“O@eoﬂﬂﬁ? I‘quﬁ’ﬂﬂ?-“ﬁo”&p a{rg?r%ﬁ n@%e? ﬂ@ﬁt\ﬂﬁﬁaﬁez%' | east
two Goup Vb&npgﬁéﬂts it HEPPRRBASe of A BrdtR! IRfuid wHerEIn Gt Jetist ¥hb lof #infetaup VI B

nmetal conponen cal cul ated as_oxi (r:Ies_ maki ng up at | east 50 wt. % of the
catal yst coepopboenta js adeast paivindhe salidistateduring cortastinge f urt her i nproved
by addi certain additives in such an amount that the nolar ratio of the
total ot all additives to the total of the Goup VIB netals and G oup VIII
non- nobl e nAithdugretha catalysisnoftdomepobthese refererxes| rapartiouiat thadg dftNors not ed

t hat additive-copt.aining catalysts th td k
i the art . DrABIIRG TdeRRIBRED Betio: SapaG8R 5 nEEERIUIGHA Snb0ss"
JP 06- 33963pCTEPGG/08383 Sshown@d WghOatthit§4Bhereoigewtil .neeliefor imprbvimattes are

directed to conventional carrier based hydrotreating catalysts,
_ thereof.

15
It has now been found that the performance of catalysts comprising at least one
Group VIII non-noble metal component and at least two Group VIB metal
components, the total of the Group VIII and Group VIB metal components, -
calculated as oxides, making up at least 50 wt.% of the catalyst composition,

20 calculated on dry weight, can be further improved by adding certain additives in
such an amount that the molar ratio of the total of all additives to the total of the
Group VIB metals and Group VIl non-noble metals employed in the process is
at least 0.01.

25 |t is noted that additive-containing catalysts and the preparation thereof are
known in the art. Reference is made to EP 0601722, JP 04-166231, JP 04-
166233, JP 06-339635, JP 06-210182 and WO 96/41848. However, these
references are directed to conventional carrier based hydrotreating catalysts,
which comprise up to about 25 wt.% of molybdenum, calculated as trioxide, and

30 up to about 10 wt.% of a Group VIlI metal component, in particular nickel or
cobalt, calculated as oxide on catalyst carrier which is generally alumina. The
reason behind the increase in activity obtained in these references was believed
to reside in the influence of the additive on the interaction between the metals-
components and the alumina. There is nothing in these references which
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whi ch conprise up to about 25 wt. % of nol ybdenum cal cul ated as tri oxi de,

and 30 up to about 10 wt.%of a Goup VIII nmetal conponent, in particular

ni ckel or cobalt, calculated as oxide on catalyst carrier which is

gener al | ywalowpdiwa. The reason behind the increase in a®CIEPPITEH ai ned in
t hese references was believed to reside in the influence of the additive

on the interacti,on het e S-.C Q } h here is
nothing in syggg%t rég %&@ESEB\N gﬁkgévw 0%%%.@5} %C%@E%lﬁsgéfgg‘cg% ggst sto
apply an ag@igosttions. nidditdnallynaonar of enesengeftrentes yisals odimaatalysiss.

Addi tional ly, none of é{hes%éﬂfgrences dgal s wth catalysts containing two
G oup VIB r?@f‘gﬁ'mﬁgﬁﬂe qup Vi Pnvention thus pertains to a
process for preparing a catalyst conposition erein at | east one G oup

f I wh [ I
VIl non-noble netal conmponent and at |east two oup VI B netal rrponents
Pr

are conbi nekheapieseshdnvention thus PeHRIBE{0ea0ProgeRs repRiNg 2 SPEYStwhi ch
the result 'W@ﬂ@?ﬁhﬁél‘éﬁ éﬁeésft@n%t@faug'\ﬂll idnlifsh H@alté&'(ﬂ;ﬁor@ntfahe e oup

VIl and G onents | cul at ed 0 as oxi maki ng up at
| east 50 wtledétofwd IGroapt Vla/snetabnpmpnemta area lcounbinasd and r&ﬁCtedAm dhe, which

orior Lo, dupseee o4 BiicaRuRl BRBE SpRIHES TeF MG batnRes Ra lekfed Bnd Ns,
conponent s drads Wé‘tcﬁ!ﬂlcbfatﬁ@lmfoubhﬂtl drideGroupaVIB aietal m.mdmmsqtcucmtednt of
additive added'to the total anou III and G.ou

conponel} s 3ss0xides, spafing up At |9Pﬁfs5é?"@;fa%'t?‘iecﬁ? Ay B CURPORE latt?fg Pﬂe
i nvention chr?T'gW @?S%Y&PI |§%§P§(§:{é?|seﬁﬁﬁ’%t@lr6l'§ani& Fﬁn%oﬁtdl” rﬁhg adHitivei s

point int erred whereinthe ca dried under
such condi us(aaidedrmoratp Hueirg, gysubsgauenidorbe aambining arsd f@ﬁt‘«ﬁma.q{éaeu n the

catal yst Corﬂgﬁz %@%Bpﬁ@ﬁggfsg?fj%ﬁﬂdamé’ﬁntttﬁétsthg%afar Ir&tio Bf o‘f‘a‘l%nl?é ter r ed,

enbodi nent , ositiron is subject e to a ca CI nation
step at suaddf addithe iankiedt toathe totaladount/ ef @rauprer@nﬂerumé/chmeealyst ,
. 25 The invention,therefo | so pertains to a catal yst conposition

conpri stshg CAMPNSNLS 1S cﬁjr'z @ ‘VII'1 non-noble netal conponent and at | east
two Group VIB netal conponents, wherein the catalyst conposition further

conprises at |east . . .
The preparation process according to the invention comprises two specific

embodiments, namely a first, at this point in time preferred, embodiment
wherein the catalyst is dried under such conditions that at least part of the

20 additive is maintained in the catalyst composition, and a second, at this point in
time less preferred, embodiment, wherein the catalyst composition is subjected
to a calcination step at such conditions that the additive is removed from the
catalyst. )

25 The invention therefore also pertains to a catalyst composition comprising at
least one Group VIl non-noble metal component and at least two Group VIB
metal components, wherein the catalyst composition further comprises at least
0.01 mole of an organic oxygen containing additive per mole of the total of
Group VIB metals and Group VIII non-noble metals present in the catalyst

30 composition, the total of the Group VIl and Group VIB metal components,
calculated as oxides, making up at least 50 wt.% of the catalyst composition,
calculated on dry weight.



0.01 nol e of an organi c oxygen containing additive per nole of the total of
G oup VIB netals and Group VIII non-noble netals present in the catal yst 30
conposition, the total of the Goup VIII and Goup VIB netal conponents,

cal cul at egb exso4oi des, making up at | east 50 wt. % of the PERERDYEF33
conposition, «calculated on dry weight. WO 02/04117 PCT/ EPOL/ 07733 In the

context of, t r Ik | ; r o ty MY srelrefers
to a salt, 1%{3‘%0@?%@{63F@%ﬁfég%hféﬂ@/écﬁ@a&@ﬁ@@%@ﬁ?& m%%lfévseen oXl| e¥ear?1d

sul fi de of to hhaltrekiae, sulfijaest ay intésnediate foemechdtarean axide ard sulfide ef
person, the wording "at . |east . G.oup VI tal, co nents” s intended
to refer tthepgR rﬂuoeSHP“-ags ?I‘"llE gés?\”%ﬁﬁ t@tgﬁ%%{l‘%é Q%gg'ﬁ'sttﬁee‘ﬁgd!nif?g |
conbi nati o W8 domstsienits” id iRendst RAtei@te compamentstbfaitd G oup
VIl used %ﬁ%ﬁ?ﬁgﬁsﬁnt speci fication Icor‘?_espond to the Periodi¢c Table of
El enents algast buo Byogn ¥ satalshegr 46e compinatioat molbdsium apd tungssn.t apl e
G oup VIB netals include chrom um nol ybdenum tungsten, - or m xtures

thereof, with a conbination of nolybdenum and tungsten being preferred.
Sui t abl e GThepindications Groap| éIBrand| GraupcVilHased dn, theoprgsent apegiiigatiopr

m xt ures thereof ef.er gbl 0 l.C Pref ,

conbi nat i oﬁoﬁPsﬁ@cfr\i.‘?z; e?&%g#eﬁ?bfec%%?ﬂa %‘I?@‘?gl Byrr‘%l‘ %@gxélnﬁﬁqstr%td
tungsten osepieéS{CASYBRM), nol ybdenum and tungsten, or cobalt,

nol ybdenum and tungsten is enployed in the process of the invention. It

is preflerred that nickel and/or cobalt make up. at |east 50 w % of the

total of Vi 0 e’ SlopBdEna, | taAgsteR0 art %
still nor eg%glgr e rgygb%@gﬁbﬁéﬁbaggémﬁﬂl%y g’le%egpeci al Pye referred
for the G mipturds Ithereof, mithl @ sembinationc ofdnelybderwmt aad | tungsteni BRVY and/ or

CEOSELE  hoPraafaf! SphEs!SRp Pl DAPRUEE RS rORLEotih, Bobpt 5O
still nor e npikiekes ivreof, girefeeatsly cdbalitaitd/art nioksl. Frefesalry,i alcombinatioarefed f or
The moftar FBRED CBMRGRBNS GPERASIG) Boke: TpBaiERA ek AR BEIEITY' The
catal yst ofcobBR hidWaidenaf, daite tidster’, atrgesbalf, rmolybGedurh, hdatungsteaf ir abl y
from employed in the process of the invention.
It is preferred that nickel and/or cobalt make up. at least 50 wt% of the total of
Group VIll non-noble metals, more breferably at least 70 wt%, still more
20 preferably at least 90 wt%. It may be especially preferred for the Group Vil non-
noble metal to consist essentially of nickel and/or cobalt.
It is preferred that molybdenum and tungsten make up at least 50 wi% of the
total of Group VIB metals, more preferably at least 70 wt%, still more preferably
at least 90 wt%. It may be especially preferred for the Group VIB metal to
25 consist essentially of molybdenum and tungsten.
The molar ratio of Group VIB metals to. Group VIl non-noble metals in the
catalyst of the invention generally ranges from 10:1-1:10 and preferably from
3:1-1:3. The molar ratio of the different Group VIB metals one to the other
generally is at this point in time believed to be not critical. When molybdenum
30 and tungsten are employed as Group VIB metals, the molybenum:tungsten
molar ratio preferably lies in the range of 9:1-1:19, more preferably 3:1-1:9,

most preferabty 3:1-1.6. .



3:1-1:3. The nolar ratio of the different Goup VIB netals. one to the
other generally is at this point in tinme believed -to be not critical.
When nol ybdenum 30 and tungsten are enployed as G oup VIB netals, the

mol ybenummounzg8tien nolar ratio preferably lies in the rRGIEPOHPT7® 1-1: 19,
nore preferably 3:1-1:9, nost preferably 3:1-1:6. . 4 WD 02/ 04117

PCT/ EPQOL/ 07 T " 1] ' 0 h
total of & ol StaySEedheaaa GRABrseS) B48T50 3% BF th iRk oalup Y, 02
Fased (7)8 \tAFag}HOGMUp WH Wtagrzomenelmsalcamulatﬂna;sbxid?m ,bapfé;cm ¢e yotaht -
arount | of | GNABY hé atalst otipogtion. diglecaty. HricRst TINE Yoo v PRetRreny S T
det ermi ned i 000Nt HCRalclRe@ @RI dlidds. USROamBuhh6f GROWY VIR nddtgisParRFess

according to the invention is an organic oxygen-containing additive. In

t he cont &xt Grbup Véll ppedwhlie mptals ean be determingd via AMNDeGIER. ¢
oxygen-containing additive refers to an additive conprising at 10 | east one
carbon atom at |east one hydrogen atom and at |east one oxygen additive.
Sui t abl e addihei additivenased i thieosatalysihamd pravess accarding testher isyentianoiscars ,

al dehydes, ketones and e

thers. Varl.ous aroups.,of Ltives .
di sti ngui shofgane PR‘Y%?’)"’%&atﬁln%a 'h}é‘?rt'"g‘ﬁ‘ﬁe °é}t?’80°?d‘g?oqﬁ%se%}t %&ﬁ??@%@
i ncl udes t hese térhl 6RjaRit dxygentdontaniag additivelrefars 1o anratilithegomprishyy at | east
two oxygen atons and 2-20 carbop atons, pref er%l?)l 2-10 carbon atons and
the condBundRash et carion @AM At Bast SRmBYAIRAEN soa, dindort,east ane, oxvann:
conpounds of ' ; S hatdr Ve r asigdl, | Vi d by a
i odi ne nurrbgrd Hg%vél gg]gg@ﬁgél&é@&plpg@ Eeﬂra'at)dlryexlagfzﬁgél' ta‘tﬁgﬂ %%é écs)r?egrg'nibggggﬁbounds
sel ect ed fr aidahydegrkeipnes ancbefbertsads conprising 20 at | east two '

o) St e oS TRLBE o aoditiet R £ HRAN AR LRI B iy Hofeht
g gingou ?g ft gmfeggiﬂergredp & adgitives oihcludes athiose c seipctedd fronm che:dgroapt of ¢

Pyt uvi ¢ 151 @BAARUNdS| GO Al AN WO asTc PN i 2D FL0B8 TR 11 e
preference ippefdatdy VEAOWchRioh dibras JaAdIPtHe compailidts i beitt bpt from thésst ed
fromthe group of " conpaounds conprising at-|east_two hydroxyl rou_p? and
2-10 car bon CRMAesNG8 Preferably, the organic Compounds of this group are’substantially
saturated, as is evidenced by a iodine number of iess than 60, preferably less
than 20. Organic compounds selected from the group of compounds comprising
20 at least two oxygen-containing moieties, such as a carboxyl, carbonyl or
hydroxyl moieties, and 2-10 carbon atoms and the compounds built up from
these compounds are preferred. Examples of suitable compounds include citric
acid, tartaric acid, oxalic acid, malonic acid, malic acid, butanediol, pyruvic
aldehyde, glycolic aldehyde, and acetaldol. At this point in time, preference is
25 given within this group to an additive that is selected from the group of
compounds comprising at least two hydroxyl groups and 2-10 carbon atoms per
molecule, and the (poly)ethers of these compounds. Suitable compounds from
this group include aliphatic alcohols such as ethylene glycol, propylene glycol,
glycerin, trimethylol ethane, trimethylol propane, etc. Ethers of these
30 - compounds include diethylene glycol, dipropylene glycol, trimethylene glycol,
triethylene glycol, tributylene glycol, tetraethylene glycol, tetrapentylene glycol.
This range can be extrapolated to include polyethers like polyethylene glycol.
Other ethers which are suitable for use in the present invention include ethylene

glycol monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol

5



nol ecul e, and the (poly)ethers of these conpounds. Suitable conpounds from
this group include aliphatic alcohols such as ethylene glycol, propyl ene
glycol, glycerin, trimethylol ethane, trimethylol propane, etc. Ethers of
t hese 30 W@AMpMIHLs i ncl ude di et hyl ene glycol, dipropyl eReT/EPIAGT33
trimethyl ene glycol, triethylene glycol, tributylene glycol, tetraethylene

glycol, tet &Eo-a I ok ESI AN ©xdndBrRitaiesk tgyddrc! ude
pol yet hers rfll e Fﬁ%l?@?[‘iy%éﬁ@‘?ﬁy%@F@ thng\ngkégf% v)\gjhr{ch aWe sui%bdl'e for

use i n the morstaiyl dthere B these, athvians elyes disthylene aiycolniiginiens gveakr

di et hyl ene gl I n h i et 5 /

PCT/ EPCL/ of%%&ﬁ%'ﬁggt@%&'&#&ﬂ'% &“ﬂdﬁﬁeﬁﬁ’@f"&% )Q%B p?%&p);ﬁgye%ﬁéréae and

d: et hlyl ene_gwdgfwith au’rloleultllﬁl' vmig‘rﬁrbetﬁielehfmlamétel‘m areaplgiflg[redi., Aldb'dfte:nyl ene
col, triet ne col, tetrae ne co ro ol ,

gi );;r opyI5en69rB‘Pl§C@gP9m§Hén‘g%F%PWP%ﬁi 'g@?NBﬁW&HW' gpor‘r'ﬁge%lﬂe g’ﬁ e At

bet ween 200;45fpd ?QP MbRchkelzts ' Bd. sABBRAIRIesD PreferfedfsaeeraRIBYISnEl0aR! | Sing

at | east two hydroxyl groups and 2-10 carbon atons per nolecule are the

sacchar i degnompsscehanidess suehass dakicose | arft frustaeeaEihRIBi drareqlidRclidegl ucose
< . . .
and fruct gﬁagsasééiggﬁéés Ot §g|;§/%t{3§é %Sltc?&,sé}fa‘??é’écdg%p?ése? l#‘rJl\/eiﬁ?Hsaé‘ft PEse

mal t ose, arose. ers of these ounds 1 nclude the

pol ysacchargongmoundls inclsdethedalysaogharidesxygen- cont ai ni ng addi tives suitable
for use in the present invention are those conpounds conprising at | east
one covid ently bonded nitrogen atom and at | east one carbonyl noiety. This

type Qf Or%@béoﬁd)W& oigehaionatdining Gitiditives suithblecfos usé vip tharpbesert
noieties. It is preferred that at |east 15 one, carbonyl m%g&tbiozﬁgresent

in a carboxpyenfiopugre thosescompeyRIsSPEIPFSRLAL depst (qng cqyal d

nitrogen alihicn SRALATE kaBOSRPEatbondl rprg@gﬁtTrﬁéA@pwwaniégsglﬁﬁggde

preferred organi c conpound satisties _g.I or (11)"20 - R3
- N(R1l' R2')greferalilrcomprses gt Bastivee caboryl mpieties 1t ispefeped that at least

I ndepe nt t f iy l; ' 0

car bon B ordne, SR gL Buftersitin {. SEB Gy e, Hiinliriohe erbfted
that at least one nitrogen atom is covalently bonded to at least two carbon
atoms. A preferred organic compound satisfies formula () or (Il)

(RTR2)N - R3 - N(R1'R2) ()
20 |
N(R1R2R1") (1

- wherein R1, R2, R1' and R2' are independently selected from alkyl, alkenyl, and
. allyl, with up to 10 carbon atoms optionally substituted with one or more groups
25 selected from carbonyl, carboxyl, ester, ether, amino, or amido. R3 is an
- alkylene group with up to 10 carbon atoms which may be interrupted by -O- or -
. NR4-. R4 is selected from the same group as indicated above for R1. The R3
-alkylene group may be substituted with one or more groups selected from
carbonyl, carboxyl, ester, ether, amino, or amido. As has been set out above, it
30 is essential that the organic compound of formula (l) or (II) comprises at least
.. one carbonyl moiety. _
Preferably, at least two of R1, R2, R1' and R2' (formula (I}) and at least two of
R1, R2 and R1' (formula (I)) have the formula - R& - COOX, wherein R5 is an
alkylene group having 1-4 carbon atoms, and X is hydrogen or another cation,



25 sel ected from carbonyl, carboxyl, ester, ether, amno, or amdo. R3is
an al kylene group with up to 10 carbon atons which nmay be interrupted by
-0- or - NR4-. R4 is selected fromthe sane group as indicated above for

R1. The RS0 o0abdy? ene group may be substituted with one ORCEEROGOGBHUpPS

sel ected from carbonyl, carboxyl, ester, ether, amno, .or amdo. As has

been set out above, it 30 s essenti al that t he,, or %nl cC C Lf 9( of formul a
(1) or (I )s@gnﬁ‘?‘l%@"ﬁpom@ﬁbtso » PRIASSHM ?ﬂﬂ/@i& Y5 ¢ ng I{/] & 3 east
two of RI, rﬁ@lﬂvﬁént @é’c%nR%neN Sariadiferetd kwa dH nitre - 1 CO@aﬂfu psRypiBal and

R1' (forrrula( 1)) have'the fornula - R5 - COOX, wherein I's an al kyl ene

gr;)up havi r@ammeszaf lsosrrapewrd obfarmuia &) qurqsg\éﬁn%dlaawaﬁﬁetra)@&@tl%ﬁmde WO
02/ 04117 P AETR
[ithium catc(yggﬁ(3 R@éﬁyeﬁHﬁBn C"%P'r'ent @gtgﬂ%néﬁal Lg&g canfhg?hgg]et o) I'térwo or

nore - BS -pebfiageticuasid. TApltyqad:al examplee sofofa aoopopmdndf oforfaifaruftly {8) are
et hyl ene di g e c acid (EDTA), hydroxyethylene diam ne
triacetic e{H{T"t'PQ é??giccﬁ%c?wg%e triamne 5 pentaacetic acid. A typical
exanpl e of a compound of formula (1) is nitrilotriacetic acid (NTA). A
further group of organi ¢ oxygen-containin co ounds whj ch areagél tabl e as

addi ti ves i/ Tunthergrede of of prygeneentain ReyNdsaMnich afpsyitabjesps The
10 unsat uraé(iaikl\@%mouwéd reseht ﬁm/ RBYE 48 thesé rb%samséheﬁn W0394253135‘$’t e are

preferred ygen conta nin rocar bons wth his group 1 nclude, for
exanpl €0 hu@saturawdconmpgunaa,u whicht havean mmq)rrwnmbﬂbq:fyahﬂea%a%& a® nore
pr ef er abl ye:?r d %st 20 carbon atons such as dodecanol, hexadecanol, ol eyl
al cohol , %T al"¢ohol , 15 hexacosanol, triacontanol, and oct acosanol;

hi glher et 28®xydmcomamtng mdirﬁcérhogs pmhiretlwbpowt mbkudﬁt fakGexample, h;]igbéner ably
at | east rhon afo suc S | t
| east 12 ca?'ﬁ‘g?Pq%PGWQ lepsl Iweﬁgblézﬁt' gm%rﬁf%ﬂe%ﬁréﬁi?%squong :

preferably @drbbmatdbmdOsuch aemweeaﬁotsmaaécm| ”blb?lnﬁlcoﬁer daYlr&1¥atis) mi tone
and 3-octadecanone; higher al dehydes having at |east 20 carbon at ons,

preferdfl y mxapeamolmacﬁﬁmobreéxdepalapgs%rio | igher Eﬁ‘e&%th%wgai’toﬁﬁﬂ déch as
pal m t al dehyde a9 16k 48N Hife prieRly 8Clast IR éaMdnAHtomsdtich k& dicstyl

ether; higher ketones having at least 12 carbon atoms, preferably at least 16
carbon atoms, more preferably at least 20 carbon atoms such as palmitone, 10-
hydroxypalmitone and 3-octadecanone; higher aldehydes having at least 12

20 carbon atoms, preferably at least 16, more preferably at least 20 carbon atoms
such as palmitaldehyde and oleaidehyde; higher acids having at least 12,
preferably at least 16, more preferably at least 20 carbon atoms such as
saturated acids such as lauric, myristic, palmitic, stearic, and docosanoic acids
for example, or unsaturated higher acids such as palmitoleic, oleic, linoleic,

25 linolenic, eleostearic, ricinoleic, eicosenoic, docosenoic, eicosatetraenoic,
eicosapentaenoic, decosapentaenoic and docosahexaenoic; higher acid esters
having at least 12, preferably at least 16, more preferably at least 20 carbon
atoms including mono-, di-, tri- and poly-fatty acid esters including alkyl and aryl
esters of the above acids (e.g. benzyl oleate and butyl oleate) and esters of the

30 above acids with mono-glyceride, di-glycerides and triglycerides and mixtures
thereof. These glyceride fatty acid esters having from 16 to 100, more
preferably 18 to 90, most preferably 20 to 80 carbon atoms are preferred.
Suitable glyceride fatty acids are commercially available, as indicated in WO
9425157.



preferably at |east 16, nore preferably at |east 20 carbon atons such as
saturated acids such as lauric, nyristic'palmtic, stearic, and docosanoic
acids for exanple, or unsaturated higher acids such as palmtoleic, oleic,
| i nol ei c, wP®2l0émdl eni c, el eostearic, ricinoleic, eicoseR6IEPIHEEHEsenoi c,
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pref erabl y ‘at ast atons including nono-, di-, tri- and

pol y-fatty additiveest ers including al kyl and aryl esters of the above acids
(e.g. benzyl oleate and butyl ol eate) and esters of the 30 above acids with
nono- gl yceride, di-glycerides and triglycerides and m xtures thereof.
These gl yceTlhélenfoamt f addintlvesﬁsed n tir:evprugessr aconotding do tiinventien, andether abl y
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conbi nati on conmpounds  nay ﬁngnt of additive
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envi r onnent poi nt of view, preferred to enp additives which are
essent i al | yate essentialiyfrieer of ﬂﬁfm hlélﬂrthejuﬁlﬂlf”r-o@tﬂfﬁl@@ﬂﬁ|3€é'ta’@§|9qf\¢é@wg%fﬁer ally

are 15 Egt mé#?&%\gle IE réleé'h &88535&@%% oreTli’fesruﬂ’LPE:Sntainﬁné&éélﬁ'\;esc\ﬂ?ﬂo”' ng

additiv e enpl oye subsequent process ‘steps wou ave to

be carried batempioyad, afirsubsequerdtprocessateps wbeld Have tot’u&scareae@nt boders
preferred tgne‘irqgrlt %¥m%lsjgl>ljléjrfa ]:Arlseoefor%ﬁg' rte'asoﬁ it is preferred to employ sulfur-free

additives.

20 The catalyst composition according to the invention may also comprise
conventional catalyst components like binders or carrier materials, cracking
components, conventional hydroprocessing catalysts, etc. For details on these
compounds reference is made to ‘non-prepublished international patent
applications PCT/EP00/00354 and PCT/EI500/00355.

25 Examples of suitable binders and carrier materials are silica, silica-alumina,
alumina, titania, titania-alumina, zirconia, boria, cationic clays or anionic clays
such as saponite, bentonite, kaolin, sepiolite or hydrotalcite, and mixtures
thereof. Preferred components are silica, silica-alumina, alumina, titania, titania-
alumina, zirconia, bentonite, boria, and mixtures thereof, with silica, silica-

30 alumina, and alumina being especially preferred.

Examples of suitable cracking components are crystalline cracking components
such as zeolites, e.g., ZSM-5, (ultra-stable) zeolite Y, zeolite X, ALPOs, SAPOs,
MCM-41, amorphous cracking components such as silica-alumina, and



20 The catal yst conposition according to the invention nay also conprise
conventional catalyst conmponents |ike binders or carrier materials,
cracking conponents, conventional hydroprocessing catalysts, etc. For
details ofyghasfsy conpounds reference is made to ' non- prREUBRILETEY

I nternational patent applications PCT/EPOQ 00354 and PCT/ EPOO 00355. 25
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i el 11 sotasBraup ViEneetal camponelsnBay VI g codisents ang aditer o
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conpounds, Fcon- 5 contaihing ¢ ounds, fluorine-containing co d
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According to the inv | O t . f erne r t fyeo
conponent s CPWQHS‘GFOE%O\/WE%WJ?YEP%I?G@%%@%n%’,/g)'é oup @Fﬁfﬁ%?{a-l‘lec@?ﬁéor?ént s,
gpceif 2?? g g l }/girndteh gr %grrtye Inﬁmet ﬁﬂ% arunﬁha pir particalat,ymay bewprefermed. ¢n ther abave, be

anp
catal yst cotgpamopshof @B;B?‘Pfgp?fgetnﬁer w&%ﬁﬁﬁﬂ&%ﬁ@%t%a# n\%ﬁpeA
preferably h&QhX&W%ﬁnts,tabMdiWe £8Idet&imiABd ohithk catdlystiafar calcipatiohcul ar ,
may be preferred. I'n the above, the anmount of other conponents than G oup
VI B net a6 catpOB¥hts, Group VIII netal conponents, and additive are

determ ned on the catalyst after calcination 15 at 500C. Generally, the

catal yst conposition of the invention has a nmechani cal strength,
Generally, the catalyst composition of the invention has a mechanigal strength,

expressed as side crushing strength, of at least 1 lbs/mm and preferably of at
least 3 Ibs/mm (measured on extrudates with a diameter of 1-2 mm).

20 Preferably, the catalyst composition in its oxidic state, i.e., prior to any
sulfidation step, has a B.E.T. surface area of at least 10 m?/g, more preferably
of at least 50 m?/g, and most preferably of at least 80 m?/g, as measured via the
B.E.T. method. The median pore diameter (50% of the pore volume is below
said diameter, the other 50% above it) of the oxidic catalyst composition

25 preferably is 3-25 nm, more preferably 5-15 nm (determined by N2 adsorption).
The total pore volume of the oxidic catalyst composition generally is at least
0.05 mlig, preferably 0.05-5 ml/g, more preferably of 0.1-4 mi/g, still more
preferably of 0.1-3 ml/g, and most preferably of 0.1-2 ml/g, as determined by
nitrogen adsorption. To further increase the mechanical strength, it may be

30 desirable for the oxidic catalyst composition of the invention to have a low
macroporosity. Preferably, less than 30%, more preferably less than 20% of the
pore volume of the catalyst composition is in pores with a diameter larger than
100 nm (determined by mercury intrusion, contact angle: 130°).



expressed as side crushing strength, of at least 1 | bs/mm and preferably of
at least 3 | bs/mm (neasured on extrudates with a dianeter of 1-2 mm). 20
Preferably, the catal yst conposition in its oxidic state, i.e., prior to
any sul f {gdadaia? step, has a B.E. T. surface area of at | pagepdih7988/ g, nore
preferably o{ | east 50 nR/g, and nost preferably of at |east 80 nR/g,
as neasured_vi
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vol une of tgensralipinese & enediian paptitlé YidnietePire shevrdgerof et 0 Ly, @t t han
100 nm (determ ned by nercury intrusion, contact angle: 130). 9 WO 02/04117

PCT/ EPOL/ 07d@@ativrs framdhisgenssalange renpoasibleave many different shapes.
Sui t abl e shapes include powders, spheres, cylinders, rings, and symetric
or asymretric polylobes, for instance tri- and quadrul obes. Particles
resul tity f hois exidicustatenthe batalyshacanrdipgitd the inyentierahas ah Xreaydiffiagtien er i n

0.5 1090 nhpnamouBiohds Ebe Aty arhoiphhus J, hpeliRel it dhd 5 A L7

t hose resul g=ngofAom e.g., spray-drying generally have a nedian particle
dianeter in the range of I p.m100 m but deviations fromthis general
range are possible. . 10 In its oxidic state, the catalyst according to the

i nvention h?ﬁe?gegérft%éﬂt&hr2 5%&%.@?6 wéawgstcéo Eoﬁﬁ&eaaéaahé t8"{R& phous

with crystal peaks at A and resent vention
al so pet ai invention wheraindhgsmetabrpoppoents Iwedaeﬁmgom@rheﬁdoarﬂssor whetly i on
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essenti al | yfree from Group VIl non-noble metai disuifides. The Group VIl non-noble
metals are preferably present as (Group VIII non-noble metal)ySy with x/y being
in the range of 0.5-1.5, as can be determined by, e.g., XRD. Molybdenum and
20 tungsten, if present, are preferably at least partly present in the sulfided catalyst
as disulfides, as can be determined by, e.g., XRD. Chromium, if present, is
preferably at least partly present as sulfide (CrS or Cr:S;), as can be

determined by, e.g., XRD.

25 As stated above, the invention also pertains to a process for preparing a
catalyst composition wherein at least one Group VilI non-noble metal
component and at least two Group VIB metal components are combined and
reacted in the presence of a protic liquid, after which the resulting composition
is isolated and dried, the total of the Group VIl and Group VIB metal

30 components, calculated as oxides, making up at least 50 wt.% of the catalyst
composition, calculated on dry weight, which is characterised in that an organic
oxygen-containing additive is added prior to, during, or subsequent to the
combining and reacting of the metal components in such and amount that the

10



free fromGoup VIII non-noble netal disulfides. The Goup VIII non-noble
netals are preferably present as (Goup VIII non-noble netal)ySX with x/y
being in the range of 0.5-1..5, as can be determ ned by, e.g., XRD.

Mol ybdenury@osh4d 97 t ungsten, if present, are preferably atpclrapsinompsrt!|y
present in the sulfided catalyst as disulfides, as can be determ ned by,
e.g., XRD. Chromum if present, is_preferably at |east partly present as
sul fide (Croefar atinsel) thegiotal aneint of additiverrdfiesyto thegotal arroundof Larogp at ed
above, the iiienki@RuB\AB et Bbfpohéhts PEOEASKD.b9r Preparing a catalyst
conposition erein at |east one oup VII'l non-noble netal conponent and
at least two G oup VIB netal conponents are conbined and reacted in the
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subsequent tigadthsy \Aﬁ.@mﬂfrth@gca%ﬂgstr Eafipbsiior cdibgatet 24 o&l@!éﬁ?ﬂﬁ@ﬁe’ﬁcbrisSUCh
and anount that the 10 WO 02/04117 PCT/EP01/ 07733 nolar ratio of the total

amount of addade @ nenderepublished nteraptienal natenk applivaiions/AGT/ERA0MA0384 VI B

nmet al conpo%latﬁc-i-/ﬁﬁjmé 0.01. For details about preparing a catalyst
conposition conprising at 1éast one 5 Goup VIII non-noble netal
conponend, at |east two Goup VIB netal conponents, the Goup VIII and

G oup VIB netal gconponents. makid up.at .| east W. % of the catalyst
conpositi on,/{%& I'a @@@'%&&(}Bg ,adﬁg'fvﬁr g}?cgu?‘?? 8@0%53 ﬁﬁ?ﬁrﬂmptﬁt}%ias hed
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Apart fromthe addition of the additive,, the crux of the process according
to the i nvdigHideAnysprefigliqyidavhieh QPGQB%E’FF@?R@ vt 5@9@%’ MaYihgUs$fthsence

of a protic g i@y rg%id‘é]g}gnma%jvgtﬁr,! %adbéxweia“dmm&ﬁembomza QUERBS ethéadnlt he

reacti on nmay be us It i qui ds I nclude water, carboxylic acids,
| oner allohding prapanelangk mixtiges theseah dhgusgaiwatena paefRiredes t hereof . The
use of water is preferred.

The at least three metal components used in the process according to the
invention, namely at least one Group VIl metal component and at least two
Group VIB metal components may be in the solute state or at least partly in the
20 solid state during the process of the invention. Thus, the reaction may involve
three solute components, two solute components and one at least partly solid
component, one solute component and two at least partly solid components,
and three at least partly solid components. The reaction involves precipitation,
and optionally, depending on the state of the various components, also
25 dissolution and re-precipitation.

Generally, there are two possible ways of contacting the metal components with
one another, namely by combining and reacting the metal components in
solution to form a precipitate (hereinafter designated as the "solution route"), or

30 by combining and reacting the metal components in the presence of a protic
liquid with at least one of the metal components remaining at least partly in the
solid state (hereinafter designated as the "solid route").

11



The at | east three netal conponents used in the process according to the

I nvention, nanely at |east one Goup VIII netal conmponent and at |east two
Goup VIB netal conponents nay be in the solute state or at |east partly in
the 20 solp@28413 € during the process of the invention. pEhgperd7fs3 reaction
may involve three solute conponents, two sol ute conponents and one at

| east partl Lid.. ngnt tl
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i nvol ves pragei Qdar:wbtniedlnandlaggeg@édolimafd__rm adpdrwimiatrg iinist pessiblef @.mf tt>h|eI
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anot her, nagmy )hePYhARMPeM Pehck RS 1drRAS prédipitdie. ABIvlers RTB U pssditle t80! uti on
to forma precipitate (hereinafter designated as the "solution route"), or

30 by c@pimm@jnamemmreﬁ theneetal campepapisvetiel arepanty osestihcid the a
protic I quj ] ' | Qi t | t
partly in ot s R mdCodthoonnERiale i RO s, BER MR8 . Yo
11 WO 02{ 04tkjlkén g@ﬂtﬁ?%ﬁﬁgﬁ%ﬂﬁlpbﬂemtémmdﬁ ate partiyoort entirelyanrtbe sblid stgtenent s
are co etely. di t i d/or. t to f

ot eci pi ¢ at cWihdissobiewien pyesens e reBetort Bty i Bl et AR A Bounen
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precipitate. However, it is also possible to conbi ne one or nore of the
net al cthpoa®AssluliRNch are partly or entirely in the solid state with

further met iy this case, care nust be taken that
t he met al c%}r%gnen?@%%?g#ﬁ%%w?%te@' or entirely in the solid state will
di ssol \d/e whign cpha@gﬁ'}g then pHhaduringcor @fteni combinatiam ot ther mataldeompenerdast
once uring t [ I : : onponents nust be
present whol | ygb?li@%ﬁls{bggggF&éﬁ%ntﬂ%g%?ﬁy&aﬁ%é lsgﬁ&'g%er?":be effected by, e.g.,
(a) changi ng)tdddimg’ alusormglering adgent donirg roxt afier conittivatioat af the mrmtaint

S E Rt Y AT (MR T A
sol utions, whigB meml X praeAd prcisiRiibh Ofdhe h6taly, afar efdafter changing
the reaction conditions, such as temperature or pH, such that the
complexing agent releases the metals for precipitation;
(c) adjusting the temperature during or after combination of the metal
20 component solutions to such a value that precipitation is induced;
(d) lowering the amount of solvent during or after combination of the metal
component solutions such that precipitation is induced;
(e) adding a non-solvent during or after combination of the metal component
solutions to induce precipitation therebf, with a non-solvent meaning that
25 the precipitate is essentially insoluble in this solvent;
(f) adding an excess of either of the components to such an extent that
precipitation is induced. _
Adjusting the pH in, e.g., option (a) or (b) can be done by adding a base or an
acid to the reaction mixture. However, it is also possible to add compounds
30 whic_:h upon the temperature increasing will decompose into hydroxide ions or
H* ions, which increase and decrease the pH, respectively. Examples of
compounds which will decompose upon the temperature increasing and thereby
increase or decrease the pH are urea, nitrites, ammonium cyanate, ammonium
hydroxide, and ammonium carbonate.

12



the netals to prevent precipitation of the netals, and thereafter changing
the reaction conditions, such as tenperature or pH, such that the
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solid 5 rouPE> igliq ﬁ@aéﬁ eé‘l"lg‘en@@gq I8 artly "%%ﬁig(fseﬁ Sp ;ﬁ{%@ﬂ?"\( n the
solid statep gmg digsohved TR protiamauent reneins at least partly in the solid

state durin e entire_ reaction. The term"at |least partly in the solid
state" in tRiis pogsiblecto ﬂféhﬁée%'i%ta stispensiesy ofpa metgt cemeon@mtan themetient is
present as I sﬁ;@,!a t he
nmet al COITpOfI’?l% i %s IEBE;tea?gnt as a sol %?e{)r?uleﬁé‘%t e 0¥olu§t§|ﬁ§j‘%ﬁdmdﬁmﬂé ypi cal
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simultaneously or successively and to subsequently add further suspension(s)
and optionally solution(s) either simultaneously or successively.
As long as at least one metal component is at least partly in the solid state
20 - during the solid route, the number of metal components which are at least partly
in the solid state is not critical. Thus it is possible for all metal components to be
combined in the solid route to be applied at least partly in the solid state.
Altematively, a metal component which is at least partly in solid state can be
combined with a metal component which is in the solute state. E.g., one of the
25 metal components is added at least partly in the solid state and, e.g., at least
two and preferably two metal components are added in the solute state. In
another embodiment, e.g., two metal components are added at least partly in
the solid state and at least one and preferably one metal component is added in
the solute state.
30 That a metal component is added "in the solute state” means that the whole
amount of this metal component is added as a solution in the protic liquid.

As will be clear from the above, it is possible to add the Group VIII non-noble
metal component and the Group VIB metal component in various ways: at
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partly dissolved in the protic liquid. It is possible to first prepare a
suspension of a nmetal conponent in the protic liquid and to add,
si mul t aneously or successively, solution(s) and/or further 15

suspensi ogoeye&HQRPri sing netal conponent (s) dissol ved andg@posepended in
the protic liquid. It is also possible to first conbine solutions either

si mul t aneousl| or. successi vel ggg_rd .to bse uentl add t.her

suspensi on(\@rousH§MRAANFRR RO P1Su T SRFLPNe ﬁ'é"?p iy tvgtieg U §s SHeh

successi vel simuansOily af sé&uérﬂ%ﬂ? IP8RoUNE 1 nét@m?ﬁ’étqf‘ts ;bl’éfét%d' ®ashoPRy tly in
the solid state 20 during the solid route, the nunber of netal conponents

whi ch are a@mpleyssulfigraaniaining metal seAmponranis.cas sthase companeats anduthe t i s
ble f b b
possi bl e OFesﬁ,tbgg?&)? t%oﬁtgoﬁ'&r@tﬁpﬁeom leeé?tgo?tntUAp?gqén étvwgtlt iﬁbg& nét%gfﬁl o be

applied at 1Teas in the so
conponerg whiockss stepis Stmesequqmnoltye iadditiohi af thisahetat aompenentpebémdéibss t h a

t al whi. ch t | ut f 25 t al
Tormoncor - BS ilSiipb e, WG 81 BeBrfeP a0 iR oo T e
two and preferably two netal corrponents are added in the sol ute state In

th nmbodi nmet dde I t partl
" the sol Satahiaviatangluble Sep Vb naRdCB M meN (e becamsoiont | s
added in t{hg 5RkEss of i fhvedfior i idiude gﬁﬂé"s&ﬁf&f)ﬂﬁr@teé Shy?iﬁﬂééi n.ﬂréteshe

solute state’ means anount of this metal conponent 1s added
as a sollut i chiorides, thydrated cblorldqmuwlfam deatedasuifaé@, fomtesmpe&ataeeor it is

possible to 0, I oup VIB
net al conpo'ﬂ@gq%rﬁogst}'g §@§% wét&n?&ﬂ% %%%%@%M%ﬂ&?%ﬁan ous
terrpler at ur em;cratiads pUifates) aeeﬂlaltés @hloridﬁs,sfumﬂtea onmixtatdscthesgofass well s

si mu taneous sequent i a [t s not ed t hat s pref.erred
that not toM %"r}p}:‘ é]tﬂsphltec%‘ftﬁﬁ"ﬁl ?‘?ﬁﬁoﬁﬁ% F&fbrf@i’ﬂ%oneé"is Rl ¢@fponent s
and the reééétéie“@h@h@é%hﬁaﬁr Ritids, siﬂfatd@rmmureémereef to oxygen, which

i nplies that all process steps subsequent to the addition of this netal

conponett , Svigable Wt?é@r's@lt-’blﬁ Gravpy Vi medalaeqmeonakits inghdeeGrepum 1B metakd

el conpoiils SRR Rorih FURAA Sl gttt ¢ |

such as ni twell as watgrscluble isppalyrcempounds of molybdenum and tungsten, such as
metatungstic acid, or water-soluble heteropoly compounds of molybdenum or
tungsten comprising further, e.g., P, Si, Ni, or Co or combinations thereof.

20 Suitable water-soluble isopoly- and heteropoly compounds are given in
Molybdenum Chemicals, Chemical data series, Bulletin Cdb-14, February 1969
and in Molybdenum Chemicals, Chemical data series, Bulletin Cdb-12a-revised,
November 1969. Suitable water-soluble chromium compounds include
chromates, isopolychromates and ammonium chromium sulfate.
25
If the protic liquid is water, suitable Group Vil non-nobie metal components
which are at least partly in the solid state during the process of the invention -
comprise Group VIl non-noble metal components with a low solubility in water
such as citrates, oxalates, carbonates, hydroxy-carbonates, hydroxides,
30 phosphates, phosphides, sulfides, aluminates, molybdates, tungstates, oxides,

or mixtures thereof. Oxalates, citrates, carbonates, hydroxy-carbonates,
hydroxides, phosphates, molybdates, tungstates, oxides, or mixtures thereof
are preferred, with hydroxy-carbonates and carbonates being most preferred.
Generally, the molar ratio between the hydroxy groups and the carbonate
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10 chlorides, hydrated chlorides, sulfates, hydrated sul fates, fornates,
acetates, or hypophosphite. Suitable water-soluble nickel and cobalt
conmponents include nitrates, sulfates, acetates, chlorides, formates or

m xtures thghpehias wel |l as nickel hypophosphite. Suit agtermaibensssol uble
i ron conponents include iron acetate, chloride, formate, nitrate, sulfate.

or m xtures thereof. 15 Suitable water-soluble Goup VIB netal conponents
i ncl ude Grogrpunsanntbeahydrwwb@mﬁiﬁ ligs inthe rnaa ef 04 peferally 42, more

nononol ybda %B@?pr@ﬁer I0I1 gg. wat er - sol ubl e i sopol y- conpounds
of nol ybdentim ung en, such as’ netatungstic acid, or water-soluble

het er opol y Hdhpmmtuu;hqmd mmweammm Groum Y418 errretabmmpmergs fadhicthare ak. g.

P, Si, i nat,i,ons,t reof 0..Sui t abl -

sopol y- aniasienari, oF eciliCRRE SPERG] erfesind sARbdse Rklen 2l Mstel
Chemi cal sdatampehests. wiawal loiv sol@siiity it wateh rsugh ml@iﬁ%nd&ﬂdxudes l\&drbhléenum
Chemicals, Chenical data series, Bulletin Cdb-12a-revi venber 1969.

Sui t abl e V\/aﬂéﬁd%lang‘“émr%uﬁ?'é%n% o fpixyies tf@{ggfeﬁﬁrgfgrr oup
| SOPOl Y G O Chefil o i GHIPRAUrHEN I HriatS Wdlsf et 9n | the Sl sdte Cadrrgy d 1S

wat er, suit non-nobl e netal conponents are at east
partly i n t sentasting SIQatdi- damd niioxidesprasidss sand  midurasy dhefesfi - Suitable se

G VI h
as ol tr at es MRfER BbonSAEPRERaRJaPbledub 3t 30 orbby pidlnthtly, U
ph_oz phatigs, sulfdephnd%ﬂenmm; lcdn‘ﬁdel a{rwawwet m trrmmmmmmnumu mgaiyiad ste,

oxi des, res ereo ates, cjtrates, car at es .

hydroxy car l%?@?‘g qiﬁlc(ﬁ&u ﬁhcﬁB’WQp‘é’@ Rigs QB%P&gQa{eur@sf’H’ﬁé’ées

oxi des, or merkf, QiitH hﬁﬂmﬁc adicaritl ﬁfowvdedunwwfn fanhytﬁbmu weHid préfbaadand
car bonat es be| ng nost preferred. Generally he nolar ratio between the

hydr oxy gr oy munwee&pmae@tsmplw; MH@@DPT‘ andririopide/ tungs t?f‘tﬁ%@% in
t he hydroxy bé}g)a t I 2
preferably ESW? {eépa{h%ﬁ% %ﬁh&% &sfl tﬁ%‘oeg?%,tglécﬁ@a R s wat er,
sui t abl 45G oitride| mlmmumcdupgsteﬁet Salsiei gnetar e oat polytungstaia), t Iammﬂmun'e solid

state durin Q a | ow
ol ubi |11y POsEREfibede 8ERingifes Thitebr. 51 GRS ungBf BER U g lleh i

and trioxide being preferred.

If the protic liquid is water, the solubility of the Group VIII non-noble metal

components and Group VIB metal components which are at least partly in the

20 solid state during the process of the invention generally is less than 0.05
mol/(100 ml water at 18°C).

As stated above, if so desired, a material selected from the group of binder
materials, conventional hydroprocessing catalysts, cracking components, or
25 mixtures thereof can be added prior to, during the combining and reacting of the
metal components and/or subsequent thereto. These materials will be
designated as "carrier materials" below.
The carrier material can be added prior to the contacting of the metal
components by, e.g., combining it with one or more but not all of the metal
30 components or vice versa, and by subsequently combining the mixture with the
not yet added metal components either simultaneously or successively. The
carrier material can be added during the contacting of the metal components by,
e.g., simultaneously combining the carrier material and the metal components
or first combining the metal components either simultaneously or successively
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nitrides, alumniumsalts, acids, sulfides, or mixtures thereof. Preferred
G oup VIB netal conponents which are at least partly in the solid state
during contacting are di- and trioxides, acids, and m xtures thereof.

Sui t abl e wgRbghgdenum conponents i ncl ude nol ybdenum di - g/ gpol @¥hsie,
nol ybdenum 10 sul fi de, rml ybdenum car bi de, nol ybdenumnitride, alum nium

nol ybdat e, di e. niu phono at e,

m xt ur es ﬁ{g@’éﬂ a‘%‘“’t’% '8?5" '!\% d&?{@gw‘)ﬁaﬁt}‘ﬂfﬁ?ﬁ% E%?gdﬁ?’@b bei ng
preferred. cophpdrihits TtHéWéH‘rhéﬂméW BaRbe ada@dtgmasteqa@r&tte Rhélcont@Bfing bf OXi de,
t ungst en sulflde (W52 and WS3), tungsten carbide, ortho-tungstic acid

( H2W04* H20)thet m%%lt epmpenents, buaee G mdmgmﬁ diragt 4p etheareastiont mixtyre
|
pol yt ungst aélﬁémeé@ﬁé?kweua%ggﬁgﬂﬁﬁ'ﬁ@élﬁqﬁﬁn& 6{)3? &ad % &ftbr %m: [or ‘he

ortho-tungstic acid an ng pre erre
protic 5 quhd furthergirecesst $steps whidhi willthe discudsed@n datall\baldawnlamfemablyetmmt al

t d O . VI t.al svx/mch ar e artly in the
20 5ol d. straerduitgl et s BRI FoufenSh Sy Bhers jofBonedie! than
0.05 nol/ (Oﬁﬁbn“duyv\meecata ysﬂB&hpoé‘iﬁoﬁU@élﬁﬁh@faﬁéﬁcoﬁblrﬁﬁg dedi regdting tht eri al
sel ected fro H’%’ bi nder mat erials onventi onal hydroproce55| ng

catal yst s, "E'P %P& syhjected 0,3 ﬁPh@‘ﬁEWQrﬁﬁﬂa@t&ﬁf‘ Befosadreingr i or
to, during éd?ﬁ’pd“sﬁga' r\Wlﬂ'g fed dpaet 'rﬂgtéP'%lé h% ) TEfiati6RTPRAGN { SoldnYu

subsequent thereto. These materials wl désignated as "carrie
mat eri di0s" sepamtionTHe washing rstemitreay e cﬁﬁﬁ”@ﬂa eutddwrtper,oit isopossaibleotn act i ng

of the met t; agels not
all of theadrqneeifng Hp@%nponew?tsg%mpégggﬁ enriagéb It(fl"ndé E% ﬁ@esgggrﬁf@me

conbi ni ng tdagrier miaterialsv Tie tchmemha;eaialsaddmbemddéd amrtp@rdf;ntstategteléthgr

si mul t aneo cess The er materi can be e uring
t he cont ac:{ﬁﬁé"%;y tf?é Sri?{ ?c%rtrB /or §u§oend§ rﬁﬁ‘f“@aﬁ% @P &@KRbi ni ng
the carri eraritdredd &bomfignt he net aI conponent s or first conbining the netal

conponents either simultaneously or successively 15 WD 02/ 04117
PCT/ EPGP/ 07733 and then adding the carrier material during the reaction of

the combi nethgdgdditive EANTBE Rk prfBP?o i ®br SabSEd 1Rt P OAARG and
subsequent to the contacting
reacting of the metal components The additive can be added during the
contacting of the metal components by, e.g., simultaneously combining the
additive and the metal components or by first combining the metal components
20 either simultaneously or successively and then adding the additive during the
reaction of the combined metal components. Alternatively, a carrier material or
any other material which has been composited with the additive can be added
to the metal components during their combination and/or reaction. The additive
can also be added subsequent to the coniacting of the metal components by,
25 e.g., adding it to the catalyst composition obtained after the reaction of the
metal components, It is generally preferred to incorporate the additive into the
catalyst composition subsequent to the combining and reacting of the metal
compounds. It is also possible to add the additive to a used or regenerated
catalyst.
30
If a carrier material is added, the sequence in which the carrier material and the
additive are added is not critical. It is possible to first combine the carrier
material with the additive and combine the combination with the metal
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the netal conponents by, e.g., adding it directly to the reaction m xture
obt ai ned after the reaction of the netal conponents or by adding it after
any of 5 the further process steps which will be discussed in detail bel ow.
Pref er ablywg ob/g17 carrier material is added subsequent tedfigogemiacti ng of
the netal conponents. Optionally, the catalyst conposition resulting after
conbi ni ng and reacti ngd_t he netal conponents can be subjected to a

sol i d- 1 i quiGPRRYNEN-i Brispaisemossibiedo comRinaitbedmalal iormoneals wih the
materials, fidtive did ieAddrfiSr maldral ity Skquefipbd 10 separation, a washing

step may be carried out. Further, 1t I's possible to thernmally treat the
catal yst conposition prior to its being conposited with the «carrier

Thermarly (GBS TRV 0, ATBLESS B InEHeREnE BRI fbdf inpriie GACl | o,
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b to t reactin e netal conponents. e
20d L1 ve ey o et aB TG gPTee ANt SEEIE- dPrk MIXRG (RPals RSHE TS by.
e.g., sinuldANPONSIpESHIEH TH the drysstatadgith iaﬁﬁ ohfsk bBSveTRiALrifo TR Heedys or by

first conbining the metal conponénts 20 either sinultaneously or
successi velSfatgnVehanxipgderdy cAPPHESRE Mixiagdhe wet fiker cakexcomprisiog thee
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I b . t h t Il ng. of 1 he al, conponents by,
35 e g, adthgen PATBIAHE" beedingofndiBl sBEM Mg, ol RS dRREE Peact) on
OL d._t he rrettbés@oufmﬂmnt?océsts istege,n?reeérbuc@re‘s‘emadét ttat lhrrmpp _UBI_isheHhed
tive into t atal yst conpositio o] e .conbi ning an
?eal:t : ngdoﬁmﬁ’i'@ el?é‘? I ﬁé’ﬂﬁao?ﬁﬁ .a%'PP;i g;gf@eﬁégqrﬂ e (lf‘%a?slmij F}Q@;%lwijt i Yﬁe
0 a use r a .» a e :
sequence iﬁfre ?g‘ﬁaﬁhgbcarers?e(%rrg?lteri a?nar{d t(_3 ?@Adoﬁ’@%ﬁg a%eeﬁasgdegﬂlas not
criticdb. |RCTERMRIHI% (heading Srosessmiohdhe lnvention'| endem¥BySulisequent t he
additive armoeé)srgaé'tags.t)_he conbination with the netal 16

It is generally preferred for the process accbrding to the invention to comprise a
shaping step. The shaping step is preferably carried out after the combining and
reacting of the metal components. If a carrier material is to be added in the
20 process according to the invention, it is preferably added before the shaping
step is carried out. The additive may be added either before or after the shaping
step, although adding the additive after the shaping step may be preferred.
. ," :.l
The preparation process according to the invention comprises two specific
25 embodiments, namely a first, at this point in time preferred, embodiment
wherein the catalyst is dried under such conditions that at least part of the
additive is maintained in the catalyst composition, and a second, at this point in
time less preferred, embodiment, wherein the catalyst composition is subjected
to a calcination step at such conditions that the additive is removed from the
30 catalyst. This calcination step, if present, will generally be carried out at a
temperature of 100-600°C, more in particular 150-450°C, still more in particular
250-450°C. The calcination time generally varies from 0.5 to 48 hours. The
calcination may be carried out in an inert gas such as nitrogen, or in an oxygen-
containing gas, such as air or pure oxygen, optionally in the presence of steam.
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WO 02/ 04117 PCT/ EPOL/ 07733 conponents. It is also possible to conbine the
nmetal conponents with the additive and the carrier material in any
sequence. Optionally, the process of the present invention may conprise the

further QoRbR&ESS steps of spray-drying, (flash) dryingcriiebi/d7nss,
kneadi ng, slurry-m xing, dry or wet m xing, shaping, and/or calcining. Dry

m xi ng means m xing the catalyst conposition in the dry state wth any of
t he above rﬁ@@?@Vetn%C@lﬁ@aH?'}¥s E?ré‘FgP"L\S;‘é‘P a0 %MQ&,”’@“S@‘,X'“S&?HP?\BMB%"% Xi ng
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"Further optiona rocess,steps”’). and 15 P EP0Q/ 0035 headi ng_"Process
of "t ho | nvRETSTAtu SoWnEhee Goetiud ditent i Jos GaialRb ROTS b FRCorEagsas  oi 1y
preferred fof céliepit G prsfents qtbeg dsOomuble aideiieatdsopodsible amié satafystshapi ng
step. The shaping step is preferab K carried out after the conbining and

reacting ofduring amw suchdeeastesh st with the mare velatiladditives their eyapratigiled i n
the 20 i i i i i .anl f
© PT Occﬁfrg\gasqfcﬂrtﬁjéé}ﬂ'letn? 8£ﬂ?ot 'awﬁfeét %éé avmaéd.' Geﬁér%felﬁ gﬁ%eéc?vgﬁﬁgpﬁ ore

t he shapi ng ep I's carried out. Itrve may efore
or aftefo t hie lsdvepa tgmpetatyre duringoaryhsuchdiregiment betw 800 ahd qarefenablyhapi ng

compr i sbs ORI, athoirERIBRPRlaEratEE By B8 FRpeyety, SertBid by "
time prefergpathat@ehgdieraaditviipresent ihfiee catalysyst i s dried under such
conditions that at |least part of the additive is maintained,in

; | ] th
catal yst cohfp$resass, ageridingsechgqinvertion, may,glsR; CorAPriss A8 'Pteebrg‘eﬂl'ag?er red,

embodi ment M@ﬁé@ﬁst@ﬁ?c&ﬁ%ﬁ'dﬁbeﬁ?@mh@diﬁ% IrSineeiopsteq Ghto itRe dafti nati on

step at suc% conditrons that the additive is renoved fromthe 30 catal yst.

Thi s calki nearmpesitiarepf such pniegeadiatecalcingtine rsien.ywhishcean Pedcastied Auta

par 1 cul ar s e 5endienTBasd el Radied hdlRienetalvdo®afere o 4
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nitrogen, O;Sre'c&rs%ﬂ eg)é}fga%nélumina precursor such as boehmite, into a carrier material
like gamma-alumina.
20

If so desired, the additive-containing catalyst composition, or if a calcination is
applied, the calcined catalyst composition may be subjected to sulfidation.
Sulfidation can, e.g., be carried out be ‘caf_ﬁed out in the gaseous or the liquid
phase. It generally .is carried out by contacting the precipitate with a sulfur-
25 containing compound such as elementary sulfur, hydrogen sulfide, DMDS, or
polysulfides. The sulfidation can generally be carried out in situ and/or ex situ.
Preferably, the sulfidation is carried out ex situ, i.e. the sulfidation is carried out
in a separate reactor prior to the sulfided catalyst composition being loaded into
the hydroprocessing unit. Furthermore, it is preferred that the catalyst
30 composition is sulfided both ex situ and in situ.

Two preferred embodiments of the preparation process according to the
invention will be elucidated below.
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contai ning gas, such as air or pure oxygen, optionally in the presence of
steam 17 WD 02/04117 PCT/EP01/ 07733 Preferably, the calcination is carried
out in an oxygen-contai ning atnosphere. The exact tenperature of the

cal ci nat iypg osbhgip; W |11 depend on the tenperature necessaorimiieapve the
addi tive romthe catalyst. If it is intended to dry the catalyst under

h di t that at | east t of th t
catalyst . ¢hasbeMERGITERe s PECESE SOMPTIAS e s S SIARSOTRRRINHkon « he
tenper at ur gt %’mﬁ# tﬁ@‘?p@t‘gfi b }S%PQHES@% OdrBtlé hﬂuﬁﬁtdﬁt%ﬁél f%‘o‘la‘im@r the

deconposes. erre as ' nuch tive as
possi bl e | meadtionc predugd opdonalﬁ'g vmynm;cdrynmgeaanfum themmallyi treating ther e

o' ol e TR SpdBAAl GRIBRAINC At 4 CreBERY Carbhee bR RbsRET totn 3o

?ny SUCtB trdaﬁiéfelgiatéﬂdl ,08haIAE tgedrepgmhgreﬁrhpoimelh ong,Zb@f smﬁy-ldwlgg er I ower
enper at ur e necessary,. dependin t t t ]
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conpri se anfpgng dbé‘&l@lescaﬂpﬁbﬁéﬂy @gembeme Ca%fdrtl\@dcd?ﬂéml@@f e6pbsigoaddi tive

in i ncor porated | nto t he cata conposi tion. such internedi ate
cal ci nat i offollaweas] bynioptioaain dnénQ:,aﬁﬁliC@@tl@UI anederr Sﬂlﬂgaﬁ@hdﬁ thencaialyst f i ed

above, 1S 3 |di§éj A 8 drﬁfe%@ev Siok AR ShbBAINdME corliRbBNS skihs b

present. 0O convert a carrier materia
precur sor, cmngbmmgrami rescting the anetab compohents imoamrotie liquidt iscdatingr thieer
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: u
geger al |y iextrugion; ealciping the %Hk'ﬁﬁtcpﬁ'@qsﬂ@np? i“ﬁl Q"h?@é'ah’? fp %ﬁF{)ﬁdaZS
contai ni ng Mﬁée‘n "Pwégat h”lgert? Yiaf \talcitiationy BiRIG" salfidbtiste of DieS, or

pol ysul fi dés on’c eneral 'y be carried out in situ and/or
ex situ5 Ruaddlystaaricles.he sulfldatlon is carried out ex situ, i.e. the

ool oot o BB BAeR 48 oG Syt s bl
Fur t her nor egnd teactingrthé anetztl cbhmonehts inaaaprptic liquid, optionally isolating the
resulting product, e.g., by filtration, optionally washing, drying and/or thermally
treating the resulting catalyst composition, mixing the resulting catalyst
20 composition with an additive and optionally a carrier material, shaping the
resulting composition, e.g., by spray-drying or extrusion, followed by optionali
drying, calcination, and/or sulfidation of the catalyst composition. A more
preferred version of this embodiment comprises the steps of combining and
reacting the metal components in a protic iiquid, isolating the resulting product,
25 e.g., by filtration, mixing the resulting catalyst composition with an additive and
optionally a carrier material, shaping the resulting composition, e.g., by spray-
drying or extrusion, followed by drying, optional calcination, and/or sulfidation of
the catalyst composition.

30 Use according to the invention
The catalyst composition according to the invention can be used in virtually all

hydroprocessing processes to treat a plurality of feeds under wide-ranging
reaction conditions, e.g., at temperatures in the range of 200° to 450°C,
hydrogen pressures in the range of 5 to 300 bar, and space velocities (LHSV) in
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30 conposition is sulfided both ex situ and in situ. Two preferred
enbodi nents of the preparation process according to the invention wll be
el uci dat ed bel ow. 18 WD 02/04117 PCT/ EPOL/ 07733 A first enbodinent is a

process C@hldi?d the successive steps of conbining angcwemshtng the
metal conponents in a protic liquid, optionally isolating the reaction

product, optionally washin rying_and/or thermally treati the resulting
material , dpei Y pf npégi5ng° gsuh?ltﬁ&"‘CL yszlr‘}/%rPCéﬁﬁ‘l‘Eﬂ?sfrl Rg'ﬁ gL 5

carrier ”até‘rﬁdo% as3aap! gprbE@ssre%sm Hiéh Cé)rﬂ%médrséh f8ed-is R3acEY aWitHr Ying

m
or extrusion, tlona? cal cl ning t\%e resutln rrp05|t|on adlng an
additive tohydrngershmedelgmtedc|tempecqiuta)nandy eig\atﬂ@ toressure,  including

additive-c onposi ti o option nati on,
and/ or sul ?hr@?g%'ﬂgﬁl 't he cat ﬁ\g{dr@@ﬂéﬁl‘\%ﬁo&%’ A mrg%yﬁ?éeqéeﬂﬁ?%%ﬁég?’él on of
this en‘IBDdIhﬂsEﬂbdememh&aSnt he st édrodfeatdmatizgtion ng anch\ydmsnmergzatlba met al
conmponents in a protic id sol ating action,pro tionally
m xi ng the ?F)é‘geﬁjg‘f"ﬂ’@n@at éﬁij{gf"‘a@k'ﬁgos?w F]‘YaHCFF 'n%ay?q% 'ﬂ*&fepfefg UShapi ng
the resul tigehdSHROWHIERT c8mehonlpreféRed o Hsyiilg rgarommgs IToie catalyst ni ng
the resulting co 05|t| on, adding an additive to the s articles,

fol | owed bycampesition opfi il invantemais opartigwariyr sslﬁabledaf@r ohv tr@ﬁwg 15
catal yst pag gdrSlszé‘n%on féS&&Bkae”*s%h rbﬁ%éhn@e%‘aééss“egmfd G‘%P ot c

successi ve and reactin conponent's |h a
l'i qui d, 10)ptlnyd1ade§ulfwmahm nghymedemtregenatlmg, praoduchydredearomatizatidrt r af i on,

t |1 hi h t
chtalyat eonpueraon ekiRRrEE ifaple HeRinpke ks S FI ABEE KR 1 an
addi ti Vte anﬁia;ﬂﬁha Oiaiiulum gaQ@ﬂs i e h@é\@rg?l oilss U:@m/émldriaeprdcessl bbmdltjonsl
conposi tion, or “extrusion, tion
dr;r/r})ng cal E@%Hgl%ﬂl'g‘ar%‘g{ fﬁl ﬁfq’%ﬁb etrI?Qge;?tf \é\g&éﬁﬁd@%‘{rﬁﬁ%A nor e
preferred m&snlaﬂgeoctf 5058 ﬁdfbgsaéwéloemaw 158 rafgs of eﬂswiﬂ QRBi /&Iy and

reacting the net onponents 1 n protic liquid, isolating the resul ting
product 15 25radiog in theyramigetafH0-A00 Nerm ng the resulting catal yst conposition
with an additive and optionally a carrier material, shaping the resulting
conposition, e.g., by spray- drying or extrusion, fol | owed by drying,

opti onal caCbaretermationmiéthodsul fi dati on of
(a) Side crushing strength (SCS)

First, the length of, e.g., an extrudate particle is measured and then the
20 extrudate particle is subjected to compressive loading (25 Ibs in 8.6 sec.) by a
movable piston. The force required to crush the particle is measured. The
procedure is repeated with at least 40 extrudate particles and the average is
calculated as force (lbs) per unit length (mm). This method is applied to shaped
particles with a length not exceeding 7 mm.
25 (b) Pore volume (Nz-adsorption)
The pore volume determination by way of N, adsorption is carried out as
described in the PhD thesis of J. C. P. Broekhoff (University of Technology Delft
1969).T

30
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the catal yst conposition. 30 Use according to the invention The catal yst
conposition according to the invention can be used in virtually all
hydr opr ocessi ng processes to treat a plurality of feeds under w de-rangi ng

reaction G@#iki9ns., e.g., at tenperatures in the range pefr/Eddflotrss 450C,
hydrogen pressures in the range of 5 to 300 bar, and space velocities

(LHSV) in 19 WO 02/04117 PCT/ EPOL/ 07733 the range of 0.05 to 10 h-1. The
term "hydro ing" in this context enconpasses all processes in which
a hydrocarbon feed is reacted with hydrogen at el evated tenperature and

el evat ed pressure,  includin hydr ogenati on, hydrodesul furizati on,
hydr odeni t r&@@%@ﬂﬁ,%@&%&demﬁ ailization, hydrodearomatization,
hydr oi Sonerhzc?étélgé} Cfonﬁb’dl'it%% Fé%arem’%%%m ghd txﬁé!‘i\fc%f@ﬁ:%?;ﬂ under

ml|d pressure tions WhIC 'S CO erred to as
hydr ocr a&ki nagrbomate, d4Cd §r$d H2\AEhdo sintaquieons nneti@umn%mewﬁmgssmensml arI y

o ocesses coApreRd: dHs et RN RE e Mt B b et e eoheh T HECNa: 1 on,
and hydr odesiixingt 'trmttiempe:#turehymos@nbwhaﬁ tretedsacksin his tvedy, ethieewifEérOCkS
are, e.g., mddl tepg' stillates, and heavy

gas oils. CEPRERE PHINE Mirilie-was Jﬁﬂ't'ﬁe(dl @nggt%@gﬂn \éé%rﬁgénfplggﬁlxobj hg’rma%ure

t enper at ur egakIhéhExth@dtiE dfibd %5@26@% eaeﬁ@uraq%oovc Tm@résanw.@ dbftalg 5250
bar, space velocities in the range of 2/ o1l T15 ratios in

the ran$@ ofomposition crntainedchs md Mpoaaﬁmﬁ"/m’é\{%& w@% NiDd @ndrirswi%g
strength (S%S First, the length of, e.g., an extrudate particle is
measur ed and en the 20 extrudate particl e is subjected to conpressive

|l oading (25 Ibs in 8.6 sec.) by a npvable piston. The force required to
crush the pgr%icle! I's measured. The procedure is repeated with at |east 40
extrudate p ' and the average is calculated as force (lIbs) per unit

I ength ' (Mhe'@xtr&da&%hedultlﬁg Siopd O%ﬁﬁa@amaﬁﬁhplb%tw&é%\pmgdat@d Wethgt h not

exceed n5q 0. 12 mol dlgt?\g/lengrgleycglo(leg rrI\‘%Ie ckg pgrgl r%o! Rlckelnznolybdenum and tungsten
contained in the catalyst composition. The diethylene glycol was added as an
aqueous solution, with the volume adjusted to be suitable for pore volume
impregnation. The impregnated extrudates were dried in air at 140°C.

20 Example 2
A catalyst composition was prepared by combining and reacting nickel hydroxy-

carbonate, MoO3; and H;WO, in an aqueous medium. The resulting suspension
was filtered. The wet filter cake was mixed with wet alumina cake. The resulting
mixture contained 20 wi% MoOQO3, 33 wt% Wos, 31 wt% NiO, and 16 wt% Al,O3
25 (measured on dry base). To the resulting mixture, 0.12 mol diethyleneglycol (ex.
Merck) were added per mol nickel, molybdenum and tungsten contained in the
mixture. During the further mixing, the temperature of the mix was somewhat
increased. In this way, the water content of the mixture was reduced to obtain
an extrudable mix. The additive-containing mixture was extruded and the
30 resulting extrudates were dried ovemight at 120°C.
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The pore volune determ nation by way of N2 adsorption is carried out as
described in the PhD thesis of J. C. P. Broekhoff (University of Technol ogy
Del ft 1969).T 30 20 WD 02/04117 PCT/ EPOL/ 07733 Exanpl es Conparative

Exanpl e Axp Gakakyst conposition was prepared by conbi ni perapfesgact i ng
ni ckel hydroxy- 5 carbonate, MoG3 and H2ZWX in an aqueous nedium The

resul ting sgs ension was filtered. The wet filter cake was m xed with wet
al um na cakes #hg the mxing, the tenperature was sonmewhat i ncreased.

In this waythd kethpkelof Cormpstive Eddiepial Al Ekamw_ﬂ%%uceséam@émt%fb an
extrudable m x. The m xture was then extruded, dried at 120C and cal ci ned
at 300C. Thiesiessin thydepdesuliufsationousinapasireated digrelaferdstack hevingptie 32
wt % W3, 3 % Ni il M % A1203. Exanple 1 The extrudates resulting
from Conpa?fgm"é@yégg#%?%é%\ﬁbre i npregnated with 15 0.12 nol :
di et hyl enegb content:eX7 gnck) per nmol nickel, nol ybdenum and tungsten

contained i the c | yst conposition. The diethylene glycol was added as
an aqueous'qs°8pf?ﬂ%'gr;$,ap th the volunme adjusted to be suitable for pore

vol ume i npsRBHAtdfoRencEremati® hpdroehmbdnex81.84@les were dried in air at 140C
20 Exanple 2 A catal yst c,or@gm tion was ro'gpar ed by conbi ning and reacting
ni ckel hydr@RQuntefidistaeatic @PaB?RPSHQ\&& n an aqueous medi um The

resulting s @ﬁ'lsé aroleic ivdliassonsT 0% Wek, filter cake was nmixed with wet
al um na cakéei.ﬁB he f(r%esu tllngyhnc?')rdure contai ned 20 wt % M3, 33 wt % W3, 31

wt % Ni 0 anigitiabbeiting paipb3638C( measured on dry base). To the resulting

m xture, O. . di y gl ycol (ex. Merck) were added per nol nickel,
nol ybdenum%%l‘jﬂgfﬁkﬂ'{%ﬁﬁai ned in the mxture. During the further

m xi ng, the tenperature of the m x was somewhat increased. In this way,

e et OBl e RS R cfpS g o o roeble T

LHSV (space velocity): 1.8 h
15 H/oil ratio: 300 NI/I

pressure: 30 bar

temperature: 325°C

The relative hydrodesulfurisation activity (on weight basis, calculated on the

20 weight of the catalyst less the weight of the additive, if any) of the catalyst of
Examples 1 and 2 were 124 and 147, respectively, with the activity of the
catalyst of Comparative Example A being taken as 100. The addition of the
organic compound thus clearly improves jthc_e catalysts' performance.

25 Comparative Example B
A catalyst composition was prepared by combining and reacting nickel hydroxy-

carbonate, MoO; and H,WO, in an aqueous medium. The resulting suspension

was filtered. The resulting wet filter cake was dried at 140°C. The dried material

was crushed and pelletized. The resulting pellets contained 24 wt% MoOs;, 39
30 wt% WO3; and 37 wt% NiO.
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30 resulting extrudates were dried overnight at 120C. 21 WO 02/04117

PCTI EP01/ 07733 Exanple 3 The catal ysts of Conparative Exanple A Exanple 1,
and Exanple 2 were tested in hydrodesul furisation using a treated diesel

f eedst ockyBaYpsig,the follow ng characteristics: 5 S cong@gptpoighgs PPMm N

content: ppm anmount of nonoaromatic hydrocarbons: 31.3 wt% anount of
di aromati c hydrocarbons: 5.8 w% anount of triaromatic hydrocarbons: 0.6
Wt % 10 i ni tEXampigi4ing point: 161C final boiling point: 423C The follow ng

D oTh S So RS QihBodfith WeS dfebard ddfetilte in ChiiparRE EXRAE Y |
rel ati Vﬁt hy?zcﬁ?esmaﬁ wet sﬁ:ieT oakaﬁs‘.eukﬁing/aﬁttamtr}aa:ilglatioga:;ﬁttpe sus_b]?ukian ewhs]:)nt L he
20 of .t he catalys £SS wel 0 e. addi ve, | n 0 e
oy of el R bR Rt SRR iy Bk ) plokeh Bidlvidertiny ang Amasteti

activity of sddigineqanh e fiterddakEonpar at i ve Exanpl e A being taken as 100. The
addition of the organic conpound thus clearly inproves the catalysts'

per formance. 25 Conparative Exanple B A catal yst conposition was prepared

by conbi nin reeacting ni ckel hydroxy- carbonate, Mb03 and H2W)4 in an
aqueous rred'?"é‘?%nﬂﬂ"ﬁ% resulting suspension was filtered. The resulting wet

filter cakeThasafalystdcampasgitians DhdCamparativantbxample Biandc Example dnwere

pel | ot 2o Tie Rl 4109 -Pel L5k3, G AR 2broliHE Fom SdrectBs Wide 03 anc

10 feedstock. The feedstock characteristics and the process conditions were as

described in Example 3. The relative activity (on weight basis, calculated on the

weight of the catalyst less the weight of the additive, if any) of the catalyst of

Example 4 was measured to be 118 with the activity of the catalyst of

Comparative Example B being taken as 160. The addition of the organic
15 compound thus clearly improves the catalyst's performance.
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Exanple 4 A catal yst conposition was prepared as described in Conparative
Exanple B except that wet filter cake resulting after the filtration of
the suspension was mxed with 0.12 nol diethylene glycol per nol nickel,
nol ybdenupppshsfigngsten 5 contained in the filter cake.pdp@pbesd The
catal yst conpositions of Conparative Exanple B and Exanple 4 were tested
in the rennéﬁwnof pol ynucl ear aromati c conpounds froma treated diesel 10
f eedst ock. Peedst ock characteristics and the process conditions were as
described in Exanple 3. The relative activity (on weight basis, calculated

on the wei ght of the catalyst | ess the weight of the additive, if any) of
the catal ysi. of AER®aES: for ﬁéﬁpaﬁ'ﬁas%r‘@éﬁlﬁf eRmpasition whereip alc18ast ©Opeot  t he

catal yst of ”@%@Wus % bendtabP& Hd%iie"ﬁ%?th@‘f‘oLZ&?\é hftalOf the

organic 15 conpoun rIy I npr o es t e catalyst' s perfornmance.
WO 02/ 0417 PCT/ &nopoats areCtarnbined .and rpacteddn theprasespa of agaratnq:la:tlad,yst

conposi tion wheregj ast o & oup..VLII I ent and
at |east two Goﬁ%er\wqgciﬁﬁ}eaﬁesgpeg éﬁ'ﬁt' ?5g@%gﬁg§rlgﬁ’dﬁ?é§%ﬂ?‘en t he
presence of a pr@rdup MIKard Gr@u;b eViBvhietdl tomposents! calgulataesi bX|désl S

i solated and dried, the total of

G oup VILII and G ou | B net
conmponent s, cal cekinggpat IgastRiwt. 'Dﬂﬂhﬂga{)ﬂys&com&ﬂm@@%” atedron
cat al yst conposi r t t fat an
o gant o oxygen: oo, ARISAAIGS 1E Al dn GG oxyGER CaRieAThg Hidtve R
subsequttht to thaddsshprien tey dariogr ensubseguent tq th@ aemhiningoapd fearting; ef such
and anount t hat I t dto
t he total anount{h%em (I)?j%mbﬁﬁ#'&and o%'%&ér@bgnﬁeﬁﬁg%c@&agﬁl%rl?tcg\fﬁeﬁﬂ | east
0.01. 15 2. The amoumsef afditveaadddd théhestotak amount ef Gsoup VillanddGrouger such
condi tions that rt of addi t.ive is maintained in the catal yst
conposi tion. \?fPe ?%&88?08?"§I'§Pﬁef§t él\/hiT ein the catal yst conposition is
subj ected to

15 2. The process of claim 1 wherein the catalyst is dried under such
conditions that at least part of the additive is maintained in the catalyst
composition. '

3. The process of claim 1, wherein the catalyst composition is subjected to

20 a calcination step at such conditions that the additive is removed from

the catalyst.

4. The process of any one of thé preceding claims wherein the metal
components are combined and reacted in solution to form a precipitate.

25
5. The process of any one of claims 1-3 wherein the metal components
wherein at least one of the metal components remains at least partly in
the solid state during the entire process.
30 6. The process of any one of the preceding claims wherein the additive is

selected from the group of compounds comprising at least two oxygen
atoms groups and 2-20 carbon atoms and the compounds built up from
these compounds.
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20 a calcination step at such conditions that the additive is renoved from
the catalyst. 4. The process of any one of the preceding clains wherein the
nmetal conponents are conbined and reacted in solution to forma

preci pit ayg.928/19- The process of any one of clains 1-3 mdwermipnrtshe netal
conponents wherein at | east one of the nmetal conponents remains at |east

partly in the solid state duri the, entire proc . .30 rpcess of
any one of %-he phEd¥aress el a?'ﬁ%ggﬂéﬁ rgimtherrag 'quqecﬁ@e 'S sef%qt%%fr@ﬁ‘t om t he
group of compou Sinat 18 EFH?]da2¢O2 20
carbon atons anyéﬁgggbh% gdﬁt:oh@?i 8wr)'ce)rgnw%2)el@g§¥r§%u#gs

02/ 04117 PCT/ Epcmmvmm anmwemo(ﬂmmdmbuﬂt |P foe these sompoyad %r gam c
additive is selected fromthe group of conmpounds conprising at |east two

hydr oxyl groups and 2-20 carbon atons and the conpounds built up from
t hese cgnpadinds.THe 6roc§b@ opctairms? wihereinathe additivey & at teast addi campours at

| east one conpoun I t f | I et hyl I I

pol yet hyl ene ¢l 20 ?épwrﬂgén @VC%OI@Q%@F&%EQIME&I 8‘20'%%@]%?%0%2@0'01‘ any
one of clains 1- s%c&ﬁ'éﬁc@ larbbﬁsééhﬁafrldée satisfies the 10 formula (1) (Rl
RR)N- R3 - N(RI'R2 or formula (1) N(RL RRR1') wherein R, R2, Rl' and

R2' are i ndependentl y sel ected from al kyl, al kenyl, and all yI wth up to

10 carbon aéonscgfr&bg%géé %f %Hf%hbt(;faguﬂa i1n ARereih tﬁ@raad.twéwgfésehfect ed

from car bonyl am no, or amd 'S an

al kyl eni® group vﬁatmulaml)t(ama)l‘darﬂﬁm NAR IR i fcrrnu’@y(“bél(E\"lRQR'IérWh@lew by

R whi ch RS’ ol K105 B T Rayatenoabats SlEe it fiin ap dRerih AR S T

sel ected from cagiipwiih uF & boml'borﬁaﬁoMS oﬁtﬁdﬂﬂlly substitated with amecsr, merg h t he

roviso that the organi ¢ conpound of for
Feast one car bo,g;pu;gﬁ)ﬁg[egzt m carbonyl, ¢ oxyI %s%er eth(er %m?non%rr'asn%ﬁo?t

and R3 is an alkylene group with up to 10 carbon atoms which may be

15 interrupted by -O- or -NR4-, R4 being selected from the same group as
indicated above for R1, which R3 alkylene'group may be substituted with
one or more groups selected from carbonyl, carboxyl, ester, ether,
amino, or amido, with the proviso that the organic compound of formula
() or (Il) comprises at least one carbonyl moiety.

20 .

10. The process of claim 9 wherein the additive is selected from ethylene

diamine(tetra)acetic acid (EDTA), hydroxyethylene diamine triacetic acid,
and diethylene triamine pentaacstic acid, and nitrilotriacetic acid (NTA).

25 11. The process of any one of claims 1-10 wherein the additive is an ester of
fatty acid(s) having least 12, preferably at least 16, more preferably at

least 20 carbon atoms.

12.  The process of claim 11 wherein the acid ester is an ester of fatty acid(s)
30 with mono-glyceride, diglyceride, or triglyceride.

13. The process of any one of the preceding claims which includes a
sulfidation step.
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10. The process of claim9 wherein the additive is selected from ethyl ene
di am ne(tetra)acetic acid (EDTA), hydroxyethylene diamne triacetic acid,
and diethylene triam ne pentaacetic acid, and nitrilotriacetic acid (NTA).
25 11. The b e86a8; of any one of clains 1-10 wherein the adgigpbiv@7iss an
ester of fatty acid(s) having least 12, preferably at |east 16, nore

f bl | ), i '
by | et R B BB O, Sl e
Cl o b o ] e A oot oty 5500 0, CAT17 T EPOL 07733
cl ai ms whi ch incl ydes sul fi datj.on step. .

14. A catal yst co s'@?ﬁ')’ﬁ’r E%B??'é?q\éuéﬁ’&l eoropnzes a5 16a% a7 MRlR-9foBl e

metal conponent apgyaHic én-c¥Btafriny Rd¥iiVe TRir aholeOpPBREA, of\BESR WIBT he

I
catal yst conposition further conprises at |east 0.01 nole of an organic
oxygen- cofit ai ni ng maiaist iand gEeuppVil ofon-Aebleotagtalss pepsant 1 Bhe gatalyst and

G oup VIl non-no al.s e | e I bt t ot al
of the Group VIII %gﬁ‘gggnghb @Fgﬁ%t a?in th%npégﬁéeuﬁt ‘s//m c%ffdggp g@je% ngE oﬁllggaels,
maki ng up at | eastofponents, aklcuteted @st axiges, makipgsup iableast HL wit.d ed the dry
wei ght. 10 15. The gatal yst conpositi,on of ¢l aji 4 wherein the Goup VIII
and Group VIB netcafa?ﬁgﬁémgﬁﬁ'gﬁn%ﬁ@u'ﬂtﬁdaﬁn $¥é§ 9% wt. % of the catal yst
conposition, calculated as oxides, preferably at |east 90 wt.% 16. The

catal yst conpasition of claim 14 or 15 wherein the 0 VI]| non-.15 noble
met al ~ cotBond® cdhgreatalysiepmpesition ekelpimilAjuhersin %ex‘g&?‘&v"l ARd &rpup17.

The catal yst conpegit | (o] | 6 r ghNafi I ] I at
oast 50 v % of RS [oralcobBhEnCriaRG! b ol I T L e et
preferably at | easpmpositionysalayatedasoxides pyeferablvatieastPQwt.%. nost
preferably substantially all of the Goup VIII non-noble nmetal conponents.
18. The catal yst conposition of any one of clains 14-17 wherein the G oup

16. The catalyst composition of claim 14 or 15 wherein the Group Vill non-
15 noble metal component comprises cobalt, nickel, iron, or mixtures
thereof.

17.  The catalyst composition of claim 16 wherein nickel and cobalt make up

at least 50 wt.% of the total of Group VIl non-noble metal components,

20 preferably at least 70 wt.%, more preferably at least 90 wt.%, most

preferably substantially all of the Group VIII non-noble metal
components.

18.  The catalyst composition of any one of claims 14-17 wherein the Group
25 VIB metal component comprises at least two of molybdenum, tungsten,
and chromium.

19.  The catalyst composition of claim 18 wherein molybdenum and tungsten

make up at least 50 wt.% of the total of Group VIB metal components,

30 preferably at least 70 wt.%, more preferably at least 90 wt.%, most
preferably substantially all of the Group VIB metal components.

20. The catalyst composition of any one of the preceding claims 14-19
wherein the additive is selected from the group of compounds comprising
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25 VIB netal conponent conprises at |east two of nolybdenum tungsten, and
chrom um 19. The catal yst conposition of claim 18 wherein nol ybdenum and
tungsten nake up at |east 50 wt.% of the total of G oup VIB netal
conponent §yo ghosR{ef erably at least 70 wt. % nore preferapdyEruotBast 90
wt.% nost preferably substantially all of the Goup VIB netal conponents.

20. The catal yst conposition of any one of the preceding clains 14-19
wherei n the addi Bt JeaststWo 0x¥ey aﬁgﬁ%qrﬁﬁp%%@pgﬁ%%ﬁ&ﬂ"i S ng 26
W0 02/04117 PCT/ BBEOAAIS Buftiug R ihdstucmipp@sat oms groups and 2- 20 carbon
atons and the conpounds bullt up fromthese conpounds. 21. The catal yst

;:ﬁrrposi ti onf of cl ai md20 wherein the organic additive is 5 selected from
e group of, co un LSl t .l I p 20
car bonat om2lana 11RecRaSb baiBoBeftof B3 20 ARk WY ogefiutaagise 32

cat al ysé5co|rrp05| tgé?&te@f froiathe gtdupvoé cempothds adiiptising at deast twodwdrong 10
conpound sel ecte rom et hyl ene gl ycol ., diefhyl ene ql : t ne

gl ycol , sacchari @EQURSy a@%&yﬁﬁ%’ﬁgpiaggmsﬂf#ﬁec%?%%fﬁlélsﬁg?ﬁrﬁitﬁ#%f any
one of the precedphfhophas® 14-22 wherein the additive satisfies fornula

(1) (R.l R2)N - R3 - 'N(R1"R2')) or 15 formula (1) N(RIRZRI") wherein RI,
R2, R1' and R2' are independently selected from alkyl, alkenyl, and allyl,

it up to 10 canark oo IR 0BIR S eI hetiddiivens spleaBbors or oupS

sel ected fr carbor ester, , amno, or amdo, and R3 is
an al kyli@ne gr ougowigoundselected flormathyeneglyael, diethyleneglyed, pelvethyiepeed by

for RL, which Ra SWEokyeEHRs e GhPANSABEatEst t ut 2d wit h one or more. gr oups
sel ected from carbonyl, carboxyl, ester, ether, amno, or anmdo,- with the
Fég\é't Sgnet h?zt;@. Lge,;;n%rc?ﬁ?&&ggﬁoo %lilt%orll &fan];l%rnréuc;f%hé Ip)’ec%inggl c:lla)tim(:so‘[mﬁﬁ ses at
wherein the additive satisfies formula (I) (R1R2)N - R3 - N(R1'R2') ) or
15 formula (If) N(R1R2R1" wherein R1, R2, R1' and R2' are independently
selected from alkyl, alkenyl, and allyl, with up to 10 carbon atoms
optionally substituted with one or more groups selected from carbonyl,
carboxyl, ester, ether, amino, or amido, and R3 is an alkylene group with
up to 10 carbon atoms which may be interrupted by -O- or -NR4-, R4
20 being selected from the same group as indicated above for R1, which R3
alkylene group may be substituted with one or more groups selected
from carbonyl, carboxyl, ester, ether, amino, or amido, with the proviso
that the organic compound of fonhylg (1) or (ll) comprises at least one

carbonyl moiety.

25
24. The catalyst composition of claim 23 wherein the additive is selected
from ethylene diamine(tetra)acetic acid (EDTA), hydroxyethylene
diamine triacetic acid, and diethylene triamine pentaacetic acid, and
nitrilotriacetic acid (NTA).
30

25. The catalyst composition of any one of the preceding claims 14-24
' wherein the additive is an ester of fatty acid(s) having least 12, preferably
at least 16, more preferably at least 20 carbon atoms.
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24. The catal yst conposition of claim23 wherein the additive is sel ected
fromethylene diam ne(tetra)acetic acid (EDTA), hydroxyethyl ene diam ne
triacetic acid, and diethylene triam ne pentaacetic acid, and

nitrilotrya@ehiGzacid (NTA). 30 25. The catal yst conposipi-fpffo7ABY one of
the preceding clains 14-24 wherein the additive is an ester of fatty

aci d(s) havjng leas fer east 1 nore pref | east
20 carbon ajte(r; ﬁ@cgﬁétﬁ{ﬁ@ﬂ&%@h@&h% 51?&;13%5 %S aﬂ1%§€59§{ tayffﬂs)cl ai m
25 wherein the @/ﬁﬂ'ﬂn@ﬁb@ydéﬁdénd@%@fldé’forftﬁélweuﬁfé d(s) with

nono- gl yceri de, diglyceride, or trigl ycerlde 27. The catal yst conposition

according to any one of the preceding clains 5 14-26 which conprises one

or More cornpo g%ﬁgfs?@oﬁfp g>ﬁgac@§@tﬁp%negg¥%omegae@bam caapgt | onal

hydroproceSS| ng cat or mxtures t ereo . 28.
The cat &l yst corﬂﬁe@ﬁiwhmh odmpﬂnsasrmr@?onﬂm@comppundsseleeﬁd frqmélﬁe:ganlg/ 1- 10

30, nore preferabl 1 Ln,.
particular al urfl %lnéﬁb?n%%ga/% ggﬂetg;?%ﬁ Jg@r ssﬁ"? % ﬁnF%B“%f
clains 14-28 forcoh»tpbneln}gjro@mmmnhaggcﬁ hydr ocar bon f eedst ocks, optionally
after being 15 sulfided. 28
28. The catalyst composition of claim 27 which comprises 1-50, preferably 1-
10 30, more preferably 1-10 wt.% of a binder or carrier material, in particular
alumina.

29. Use of the catalyst composition of any one of claims 14-28 for the

hydroprocessing of hydrocarbon feedstocks, optionally after being
15 sulfided.
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